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Abstract
Two simple, accurate and precise spectrophotometric methods for the quantitative analysis of mesalazine (MSZ) 

in pharmaceutical formulation have been described. The first method (A) is based on the charge transfer reaction 
with alizarin red sulphonate (ARS) in the solution of pH 8.0 to form a violet product showing maximum absorbance 
at 600 nm. The second method (B) is a derivatisation method involving reaction of MSZ with 1,2-naphthoquinone-4-
sulphonate (NQS) in alkaline medium at pH 12.0 to form an orange product exhibiting maximum absorbance at 470 
nm. All variables affecting the reactions were studied and optimized. Beer's law was obeyed in the concentration 
ranges of 15-97.5 and 2-22 µg/mL for methods A and B, respectively. The molar absorptivity, Sandell sensitivity, 
detection and quantification limits were calculated. The two methods were successfully applied to the determination of 
MSZ in pharmaceutical formulation.
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Introduction

Mesalazine (MSZ), chemically known as 5-amino-2-
hydroxybenzoic acid, is an anti-inflammatory drug used to treat and 
also maintain the remission of mild to moderate ulcerative colitis or 
Crohn's disease [1,2]. MSZ has been shown to be a potent scavenger of 
reactive oxygen species that play a significant role in the pathogenesis 
of inflammatory bowel disease, inhibition of natural killer cell activity, 
inhibition of antibody synthesis, inhibition of cyclooxygenase and 
lipoxygenase pathways and impairment of neutrophil function [3,4]. A 
number of analytical methods have been reported for the determination 
of MSZ in pharmaceutical dosage forms and biological fluids including 
spectrofluorometric [5], micellar electrokinetic chromatography [6], 
differential pulse voltammetry [7], HPLC [4,8-12], LC/MS/MS [13] 
and spectrophotometric [14-20]. Chromatographic methods have been 
extensively used and recommended. However these methods generally 
require complex and expensive equipment, provision for use and 
disposal of solvents, labor-intensive sample preparation procedures 
and personal skills in chromatographic techniques. Spectrophotometric 
methods are the most convenient technique because of their inherent 
simplicity, high sensitivity, low cost, and wide availability in quality 
control laboratories. However, the spectrophotometric methods 
[14-20] that have been reported for the determination of MSZ 
in their pharmaceutical formulations were associated with some 
major disadvantages, such as lack of sensitivity, tedious extraction 
procedures, heating, cooling and time consumption. In this paper, 
development and validation of two new spectrophotometric methods 
for the determination of MSZ in pharmaceutical tablets that overcome 
these drawbacks will be described.

Materials and Methods

Apparatus

All of the spectrophotometric measurements were made with 
a Double beam UV 1800 ultraviolet visible spectrophotometer 
provided with matched 1-cm quartz cells (SHIMATZU- Japan) with 
temperature maintained at 25°C. pH was determined using a model 
pH211 pH meter (Hanna, Italy). Thermostatically controlled water-
bath (LAUDA, ecoline RE 220).

Materials

All chemicals were of analytical or HPLC grade. Distilled water 
was used in all experiments. Chemicals (suppliers) were as follows: 
The standard of MSZ was obtained from Sigma-Aldrich, tablet 
formulation Pentasa (Pharbil Pharma Bielefeld, Germany (Marketing 
Authorization Holder : Ferring GmbH, Kiel, Germany) was purchased 
from a local pharmacy with labeled amount 500 mg MSZ, Alizarin 
Red Sulphonate (ARS) [Hopkin & Williams LTD (England)], sodium 
1,2-naphthoquinone-4-sulphonate (NQS) was purchased from 
[Aldrich Chemical Co., St. Louis, USA].

Preparation of reagents and solutions

Stock standard solution of Mesalazine (MSZ): An accurately 
weighed amount 0.100 g of MSZ was dissolved in 30 mL water then 
transferred into a 100 mL standard flask, completed to the mark 
with ethanol for method A (ratio of water to ethanol was 30:70)and 
distilled water for method B to obtain a stock solution of (1000 µg/
mL). The stock solutions were further diluted with the same solvent to 
obtain working solutions of (150 and 200 µg/mL), for method A and 
B respectively.

Standard solution of Alizarin Red Sulphonate (ARS): An 
accurately weighed amount (0.5134 g) of ARS was dissolved in 30:70 
water and ethanol, transferred into a 100 mL standard flask, completed 
to the mark with the same solvent to obtain a solution of 15x10-3mol/L. 
The solution was freshly prepared and protected from light during use.

Sodium 1, 2-Naphthoquinone-4-Sulfonic Solution (NQS): An 
accurately weighed 0.1041 g of NQS was dissolved in distilled water, 
transferred into a100 mL standardflask and diluted to the mark with 
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distilled water and mixed well to prepare (4×10-3mol/L). The solution 
was freshly prepared and protected from light during use.

Buffer solutions: Buffer solution of pH8.0 was prepared by adding 
4.49 mL of 0.1 mol/L HCl and 95.51 mL of 0.1 mol/L Na2HPO4 and 
adjusting to pH 8.0, pH 12.0 was prepared by adding 100 mL 0.05 M 
Na2HPO4 and 53.8 mL of 0.1 M NaOH, and made up to 200 mL with 
distilled water. Other buffer solutions were also prepared according to 
literature method.

Sample solution:  A sample of finely powdered tablet nominally 
equivalent to 0.100 g MSZ was dissolved in about 30 mL distilled water 
in a 100 mL volumetric flask. Then swirled, sonicated for15 min, then 
filled to the volume with ethanol for method A (ratio of water to ethanol 
was 30:70) and distilled water for method B, The contents were mixed 
well and filtered. This prepared solution was diluted quantitatively to 
obtain a suitable concentration for the analysis.

Assay procedures

Method using ARS (Method A): Aliquots of MSZ solution were 
added to10 mLvolumetric flasks to give final concentrations of (15-97.5 
µg/mL). 2.0 mL Buffer solution of pH 8.0 was added followed by 1.0 
mL ARS solution (15×10-3 mol/L). The reaction was allowed to proceed 
at temperature 40°C for 10 min after which the reaction mixture was 
made up to the mark with water and the absorbance was measured 
at600nm against a water blank similarly prepared.

Method using NQS (Method B): Aliquots of MSZ solution was 
added to10 mL volumetric flasks to give final concentrations of (2-22 
µg/mL). 1.0 mL Buffer solution of pH 12.0 was added followed by 1.0 
mL NQS solution (4×10-3 mol/L). The reaction was allowed toproceed 
at room temperature for10 minutes after which there action mixture 
was made up to the mark with water and the absorbance was measured 
at 470 nm against blank similarly prepared.

Stoichiometry of the reaction (Job’s method)

Stoichiometry of the reaction of MSZ with ARS and NQS was 
established by Job’s method of continuous variation [21]. Equimolar 
aqueous solutions of MSZ with ARS and NQS (3×10-3, 2.5×10-3 mol/L 
respectively ) were prepared in 10 mL volumetric flasks containing 
complementary proportions: (0:10, 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 
8:2,9:1,10:0). The solutions of method A and B were further treated as 
described under the general recommended procedure.

Results and Discussion
Method A

Alizarin Red S (ARS) has been used as a color-developing reagent 
in the spectrophotometric determination of pharmaceutical amines 
[22-26]. The reaction of MSZ with ARS to produce a violet colored 
charge transfer product of the n-ח type, this compound is considered 
to be an intermediate molecular association complex which dissociates 
in the corresponding radical anion in the solvent.

At optimum conditions the radical anion (absorbing species) in the 
medium after mixing of the reagent and showed maximum absorption 
at 600 (Figure 1). The absorbance was found to increase linearly with 
increasing concentration of MSZ.

The effect of pH was studied by forming the colored product in the 
presence of various pH the absorbance of the proton transfer product 
was measured. Figure 2 shows that at pH from 1.0 to 4.0, no MSZ-ARS 
product was formed whereas at pH greater than pH 4.0 the absorbance 

increased rapidly with increasing pH up to pH 8.0 and then decrease, 
after pH greater than 8.0, the decrease in absorbance of the product was 
observed. The maximum absorbance was attained at pH value of 8.0.

The reaction was found to be dependent on ARS concentration 
with the absorbance of the reaction solution increasing as the ARS 
concentration increased. Maximum absorbance was attained on using 
1.0 mL of 15×10-3 mole/L ARS above which it decreased. Therefore, this 
concentration was used in all subsequent work Figure 3.

The reaction time was determined by following the color 
development at room temperature and in thermostatically controlled 
water-bath adjusted at temperature in range from (30-90°C). The 
highest absorbance is obtained 40°C for 10 minutes.

Method B

MSZ exhibits maximum absorbance (λmax) at 298 nm. Being in the 
ultraviolet, absorbance at this wavelength is susceptible to interference 
from co-extracted excipients in the tablet formulation. Accordingly, 
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Figure 1: Absorption spectra of MSZ (50 µg/mL) against blank (a), ARS 
against blank (b), and the reaction product of MSZ (50 µg/mL) with ARS 
against reagent blank (c).
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Figure 2: Effect of pH on the reaction of MSZ with ARS, (30 µg/mL of MSZ, 
1.0 mL buffer solution, 1.0 mL of ARS 13x10-3 mol/L) at room temperature, 
and reaction time 10 min.
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derivatization of MSZ to produce a chromophore absorbing more in 
the visible region was appropriate. MSZ contains a primary aliphatic 
amino group, which is suitable for derivatization by NQS, an analytical 
chromogenic reagent for the determination of primary and secondary 
amines [27-35]. MSZ was found to react with NQS under the 
experimental conditions to form an orange colored product exhibiting 
λmax at 470 nm (Figure 4). Under the optimum reaction conditions, the 
absorbance was found to obey the Beer–Lambert law.

The effects of pH on the reaction of MSZ with (NQS) were 
examined by varying the pH from 4.0 to 13.0, the results revealed that 
the absorbance increased with increasing up to pH 12. The maximum 
readings were attained at pH value of 12.0. At pH value more than 12.0, 
a decrease in the reading occurred. This was attributed probably to the 
increase in the amount of hydroxide ion that holds back the reaction of 
MSZ with NQS [33] (Figure 5).

The effect of temperature on the reaction was also studied by 
varying the temperature from 25°C to 90°C. The highest absorbance is 
obtained at room temperature for 10 min. 

The effect of different NQS concentrations on the absorbance of 
product was studied; it is evident that the absorbance increases with 
increasing NQS concentration and reached maximum on using 1 ml 
of 4×10-3mol/L NQS. Therefore, this concentration was used in all 
subsequent work (Figure 6).

Stoichiometry of the reaction (Job’s method)

Under the optimum conditions shown in Table 1, the stoichiometric 
ratio between MSZ and each of investigated reagents (ARS, NQS) was 
found to be 1:1 (Figures 7 and 8). Based on this ratio, the reaction 
pathways were postulated to be proceeded as shown in scheme 1 and 
scheme 2.

Validation of the proposed method

Linearity and sensitivity: Calibration curves for Methods A 
and B in the ranges 15-97.5 µg/mL and 2-22 µg/mL were linear with 
correlation coefficients (r2) of 0.9986 and 0.9997 for methods A and 
B, respectively. The molar absorptivities (ƹ) at 600 nm and 470 nm 
for Methods A and B were 1.184×103 and 7.733×10-3 L/mole/cm, 
respectively. The sandell’s sensitivity values were 0.129 and 0.020 for 
methods A and B respectively.

The limit of detection (LOD) is defined as the minimum level at 
which the analyte can be reliably detected for the two methods was 
calculated using the following equation

LOD= 3.3s/k 

Where s is the standard deviation of replicate determination values 
under the same conditions as for the sample analysis in the absence of 
the analyte and k is the sensitivity, namely the slope of the calibration 
graph. In accordance with the formula, the detection limits were found 
to be 4.92 and 0.56 µg/mL for method A and B, respectively.

The limit of quantification (LOQ) is defined as the lowest 
concentration that can be measured with acceptable accuracy and 
precision 

LOQ=10s/k 

According to this equation, the limit of quantification was found 
to be 14.89 and 1.69 µg/mL for Method A and B respectively; these 
parameters for the two methods are summarized in Table 2.

Accuracy and precision: The accuracy and precision of the 
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Figure 3: Effect of ARS concentration on the reaction with MSZ (30 µg/mL 
of MSZ, 2.0 mL buffer solution (pH 8), at 40°C, and reaction time 10 min.
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Figure 4: Absorption spectra of MSZ (25 µg/mL) against water (blue line), 
NQS against water (pink line), and the reaction product of MSZ (25 µg/mL) 
with NQS against reagent blank (green line).
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Figure 5: Effect of pH on the reaction of MSZ with NQS, 20 µg/mL of MSZ, 
1.0 mL buffer solution, 1.0 mL of NQS (5X10-3 mol/L) at room temperature 
(25°C), and reaction time 10 min.
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proposed method were determined at three concentration levels of 
MSZ (within the linear range) by analyzing three replicate analyses 
on pure drug of each concentration. The percentage relative error as 
accuracy and percentagerelative standard deviations (RSD) as precision 
for the results did not exceed 2.5% for the two methods as shown in 
Table 3, indicating the good reproducibility and repeatability of the 
two methods. This good level of precision and accuracy was suitable for 
quality control analysis of MSZ in their pharmaceutical formulation.

Robustness: Robustness was examined by evaluating the influence 
of small variation in the method variables on its analytical performance. 
In these experiments, one parameter was changed whereas the others 
were kept unchanged, and the recovery percentage was calculated each 
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Figure 6: Effect of NQS concentration on the reaction with MSZ (20 µg/mL of 
MSZ, 1.0 mL buffer solution (pH 12.0), 1.0 mL of NQS, at room temperature 
(25°C) and reaction time 10 min.
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Figure 7: Job’s method for the reaction of MSZ with ARS, 2.0 mL buffer 
solution (pH 8), at 40°C, and reaction time 10 min.
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Figure 8: Job’s method for the reaction of MSZ with NQS, 1.0 mL buffer 
solution (pH 12), at room temperature (25°C) and reaction time 10 min.

Condition Method A Method B
pH 8 12
Buffer volume (ml) 2 1
Temperature (˚C) 40  25 
Reaction time (min) 10 10
Reagent concentration mole/L 15x10-3  4x10-3 

Table 1: Optimum conditions for the reactions of two methods.
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Scheme 1: Proposed reaction pathway between MSZ and ARS.    
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Table 2: Summary of quantitative parameters and statistical data using the 
proposed procedure.

Parameters Method A Method B
Linear range(µg/mL) 15-97.5 2-22
limit of detection, LOD(µg/mL) 4.92 0.56
Limit of quantification, LOQ (µg/mL) 14.89 1.69
Slope 0.00705 0.0426 
Intercept 0.01055 0.01944
Correlation coefficient( r) 0.99862 0.99971
Molar absorptivity Ɛ (L mol-1 cm-1 ) 1.184x103 7.733x103

Sandell sensitivity 0.129 0.020

*three determinations were used for the proposed methods 

Table 3: Precision results for the proposed methods.

Method Concentration(µg/mL) Recovery (% ± RSD)* Relative error %

Method A
30
60
90

101.24 ± 0.890
97.27 ± 0.237

100.36 ± 0.309

-1.24
-2.73
-0.37

 Method B 
6

 12
 18

96.85 ± 1.87
102.81 ± 0.37
99.23 ± 2.31

-0.031 
0.028 
-0.037 



Medicinal chemistry
AlAmeri et al., Med chem 2012, 2:5

http://dx.doi.org/10.4172/2161-0444.1000125

Research Article Open Access

Med chem
ISSN: 2161-0444 Med chem, an open access journal

Volume 4(3): 361-366 (2014) - 365 

Citation: Alasha Abdalla FA, Elbashir AA (2014) Development and Validation of Spectrophotometric Methods for the Determination of Mesalazine in 
Pharmaceutical Formulation. Med chem 4: 361-366. doi:10.4172/2161-0444.1000166

Method A Condition Recovery ± RSD* Method B Condition Recovery ± RSD*

pH
7.8
8.2

100.61 ± 1.791
99.82 ± 0.902

pH
11.8
12.2

101.62 ± 1.326
102.01 ± 1.762

Temperature (˚C)
35
45

100.92 ± 0.893
103.44 ± 1.308

Temperature (˚C)
20
30

104.83 ± 2.790
102.28 ± 1.968

Time (min)
8
12

98.72 ± 0.456
99.19 ± 0.454

Time (min)
8
12

103.34 ± 1.305
103.37 ± 1.735

ARS concentration
(mole/L)
14.8x10-3

15.2x10-3
102.66 ± 1.318
98.09 ± 0.459

ARS concentration
(mole/L)
3.8x10-3

4.2x10-3
100.84 ± 1.336
98.49 ± 2.278

*value are mean of three determinations

Table 4: Robustness of the proposed methods.

*Three determinations were used for the proposed method

Table 5: Determination of MSZ in tablets by the proposed methods.

Method Brand name and 
dosage form

Labeled claim 
500 mg Amount found (% found ± RSD)*

Method A Pentasa 500 488.85 97.77 ± 0.46
Method B _ _ 490.85 98.17 ± 1.70

time. It was found that small variation in the methods variables did 
not significantly affect the procedures. This provided an indication of 
the reliability of the proposed methods during routine work; recovery 
values were shown in Table 4.

Applications of the methods: The proposed methods were applied 
to the pharmaceutical formulation containing MSZ. The results are 
shown in Table 5. Indicate the high accuracy of the proposed methods 
for the determination of the studied drug. The proposed methods have 
the advantage of being virtually free from interferences by excipients. 
The percentages were 97.77 ± 0.46 and 98.17 ± 1.67 for method A and 
B, respectively (Table 5).

Conclusions
The development spectrophotometric methods for the 

determination of MSZ in pharmaceutical formulation are simple, 
sensitive, rapid and accurate. The methods are superior to the 
previously reported spectrophotometric methods [14-20] in terms of 
the simplicity and sensitivity. The methods are practical and valuable 
for routine application in quality control laboratories for analysis of 
MSZ. 
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