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Abstract 
A simple, rapid, low cost, accurate and sensitive spectrophotometric method for the determination of allopurinol (ALP) in urine 

was developed. This method is based on the reaction of diazotized sulfanilamide with ALP as coupling agent in an alkaline 

medium. The resulting intense yellow dye has a maximum absorption at 400 nm and stable for more than 1 hour. The Beer’s law 

limits was obeyed over the concentration range of ALP in aqueous medium from 5.0-50 g/mL. The molar absorptivity and 

Sandell’s sensitivity were obtained 2.5 × 103 L mol–1 cm–1 and 0.061 μg cm–2 /0,001 absorbance unit, respectively. The optimum 

reaction conditions and other analytical parameters have also been investigated. The correlation coefficient (r) was obtained 

0.999. LOD and LOQ were found 2.2 μg/mL and 7.5 μg/ mL, respectively. The percent recovery and relative standard deviation 

(RSD) were found 99.18-100.10 % and 0.3-1.3 %, respectively. The proposed method can be applied successfully to assay ALP 

in urine by standard addition method and can be considered as an alternative method for determination ALP in the urine samples. 
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Abstrak 

Satu kaedah spektrofotometri mudah, cepat, kos efektif, tepat dan sensitif telah dibangunkan untuk penentuan allopurinol (ALP) 

dalam air kencing. Kaedah ini dibangunkan berdasarkan tindak balas diazotisasi sulfanilamide dengan ALP sebagai ejen 

gandingan dalam medium beralkali. Pewarna kuning terang yang terhasil mempunyai penyerapan maksimum pada 400 nm dan 

stabil selama lebih daripada 1 jam. Had hukum Beer dipatuhi pada julat kepekatan ALP dalam medium akueus 5.0-50 g/mL. 

Penyerapan molar dan sensitiviti Sandell’s masing-masing diperolehi 2.5 × 103 L mol–1 cm–2 dan 0.061 g cm–2 /0,001 unit 

serapan. Keadaan tindak balas optimum dan parameter analisis lain juga telah dikaji. Pekali korelasi (r) telah didapati 0.999. 

LOD dan LOQ didapati masing-masing 2.2 μg/mL dan 7.5 μg/mL. Nilai kebolehulangan dan kejituan sisihan piawai relatif 

(RSD) didapati masing-masing 99.18-100.10% dan 0.3-1.3%. Kaedah yang dicadangkan boleh digunakan dengan jayanya untuk 

asai ALP dalam air kencing dengan kaedah tambahan piawai dan boleh dianggap sebagai kaedah alternatif untuk penentuan ALP 

dalam sampel air kencing. 

 

Kata kunci: spektrofotometri, allopurinol, sulfanilamide, reaksi diazotisasi, gandingan 

 

Introduction 

Allopurinol (ALP), chemically known as 1H-pyrazolo [3,4-d] pyrimidin-4-ol  shown in Figure1, is used for 

treatment of gout and hyperuricaemia [1]. It is a xanthine oxidase inhibitor [2,3], which prevents the oxidation of 

hypoxanthine to xanthine and xanthine to uric acid [4]. Thus results in the reduction of urate and uric acid 

concentrations in plasma and urine [5]. Synthesis of uric acid plays a role in creating oxidative stress through the 

formation of oxygen radicals [6]. Physical activity in the form of aerobic exercise can increase free radicals and 

cause oxidative stress [7]. Reactive oxygen species (ROS) is a very dangerous type of free radicals in the body 
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because it can cause damage to cells, tissues or organs [8, 9] and the underlying pathogenesis of various 

degenerative diseases such as cancer, hypertension, coronary heart disease, lung disease, diabetes mellitus and 

premature aging [10]. 

 

 

 

 

 

 

 

 

 

 

Fig 1:  Chemical structure of allopurinol (C5H4N4O) 

 

 

Based on the results of the study showed that administration of allopurinol is able to reduce the production of ROS 

and can prevent tissue damage caused by aerobic exercise [11]. The provision of high dose allopurinol can reduce 

oxidative stress in vascular tissue and improve endothelial dysfunction [12]. In addition to treating gout allopurinol 

is potentially used by athletes as a doping substance because allopurinol supplementation can correct endurance 

athletes and protect them from injury due to oxidative stress [6]. 

 

Several methods have been developed for allopurinol analysis, including conventional volumetric titration method 

[13], spectrophotometry [14], chromatography techniques [4], capillary electrophoresis [15, 16], flow injection 

technique [17], and anodic polarographic detection [18]. Volumetric methods need large amounts of chemicals and 

many steps in preparing standard solutions for analysis before the measurement. In the spectrophotometric method 

developed by Khayoon et al., [14] showed that the application is still limited only for the determination of 

allopurinol tablet formulation in pharmaceutical preparations. While other methods that have been mentioned quite 

complicated and requires considerable time and is not always ideal for practical purposes, especially for the analysis 

of large numbers of samples. 

 

The aim of present work was to develop simple, cheap, rapid, and sensitive spectrophotometric method  for 

determination ALP in biological fluids (urine) based on diazotization coupling reaction with the new reagent 

sulfanilamide. 

 

Materials and Methods 

Instruments 
Spectral and absorbance measurements were carried out using Shimadzu UV-Visible Recording spectrophotometer 

UV-1800, with 1 cm matched quartz cells. The pH measurements were performed on pH meter type HANNA HI 

96107 pH - Ion meter. 

 

Reagents and solutions 
All reagents and chemicals used were of analytical grade and all solutions were prepared from double distilled 

water. Allopurinol (ALP) was obtained from Sigma-Aldrich (China), sulfanilamide (Merck), sodium nitrite 

(Merck), sodium hydroxide (Merck), hydrochloric acid (Merck), trychloroacetic acid (Merck). All solutions were 

stored in a dark colored bottles. 

 

Sulfanilamide (0.3%) 

The solution was prepared by dissolving 0.3000 g of sulfanilamide in 75 mL of double distilled water and  diluted 

up to 100 mL with double distilled water. 
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Sodium nitrite solution (1 %) 

The solution was prepared by dissolving 1.0000 g of sodium nitrite in 100 mL double distilled water in volumetric 

flask.  

 

Hydrochloric acid solution (1.0 N) 

The solution was prepared by diluting 8.3 mL of concentrated hydrochloric acid to a 100 mL double distilled water 

in a volumetric flask. 

 

Sodium hydroxide solution (2.5 M) 

This solution was prepared by dissolving 10 g of sodium hydroxide in double distilled water and adding the double 

distilled water to 100 mL in a volumetric flask. Sodium hydroxide solution (0.1 M) was prepared from 2.5 M stock 

solution. 

 

Working ALP solution (500 g/mL) 

ALP solution (500 g/mL) was prepared by dissolving an accurately amount of ALP in alkaline double distilled 

water and completed to the mark with double distilled water.  

 

Preparation of callibration curve 

Sulfanilamide (0.3%, 3 mL) solution was acidified by the addition of 3.0 mL of 1 M hydrochloric acid, followed by 

the addition of 5.0 mL of 1% nitrite solution. The solutions were agitated and kept for 3 minutes at room 

temperature to allow the completion of diazotization reaction. The resulting diazotized product was coupled with an 

aliquot of standard ALP solutions (5.0-50 g/mL) followed by heating on a boiling-water bath for 5 minutes. The 

resulting yellow coloured azo dye was diluted to 25 mL with double distilled water and the absorbance was 

measured at 400 nm against the reagent blank, which gave negligible absorbance at this wavelength. 

 

Determination of ALP in urine 

Blank urine sample (1 mL) was spiked with ALP at a concentration level of 5.0-50 μg/mL. Then, 1 mL of 10% 

trichloroacetic acid was added to each sample and vortex for 1 minute and centrifuged for 5 minutes at 4000 rpm. 

The clear part of this solution was transferred into a test tube for the coupling reaction according to the procedure 

recommended above. 

 

Results and Discussion 

Absorption spectra 

In this method, sulfanilamide underwent diazotization reactions after treated with sodium nitrite and hydrochloric 

acid. The solution was frequently shaken to allow the escape of nitrogen. For the diazotization process, 

sulfanilamide was readily diazotized in acidic medium and that the diazonium cation would then react with a 

coupling reagent of ALP in alkaline medium to produce yellow coloured azo product. This yellow colour shows 

maximum absorbance at 400 nm. This wavelength was then used for all measurements. The corresponding reagent 

blank has practically negligible absorbance at this wavelength. 

 

Optimization of Experimental Conditions  
The effect of various parameters on the absorption intensity of the coloured azo dye was investigated, and the 

reaction conditions were optimized by conducting a series of experiments. The optimum conditions were 

established by varying one parameter at a time and keeping the others fixed and observing the effect on absorbance 

of chromogen for the proposed method. 

 

Effect of the order of addition  
The effect of the order of reagents addition was studied by preparing three solutions with different addition orders 

(Table 1). Based on the value of absorbance obtained, the order No. I was selected because it gave the highest 

sensitivity. 
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Table 1:  Effect of order of reagents addition 

Order No. order of addition Absorbance 

I S + H + N + A 0.561 

II S + N + H + A 0.499 

III H + N + S + A 0.423 

                      [S = sulfanilamide; H = hydrochloric acid; N = sodium nitrite; A = allopurinol]. 

 

 

Effect of diazotization time and azo product formation  

The effect of time on both reaction steps of diazotization  and coupling reaction for maximum formation of the azo 

dye was investigated by allowing the reaction to proceed for varying times. The diazotization reaction time was 

found to be completed within 3 minutes as shown in Figure 2. Slow coupling reaction between the diazotized 

product and ALP was obseved at room temperature. In order to increase the reaction rate, the mixed reagent solution 

was heated on a boiling-water bath, and heating time was optimized as shown in Figure 3. The azo dye formation 

developed rapidly after the solution was heated, attained maximum intensity up to 5 minutes. The absorbance was 

decreased for a longer heating time. Further analyses were performed on 5 minutes heating on a boiling-water bath. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  Effect of diazotization time for the formation of maximum azo dye 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3:  Effect of heating time for the formation of maximum azo dye 
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Effect of sulfanilamide 

The effect of different volumes of sulfanilamide on the maximum formation of the azo dye was studied and 

presented in Figure 4. The results showed that 3.0 ml of 0.3% sulfanilamide is enough to form the diazonium ion 

and it was used in the subsequent experiments. 

 
 

Figure 4:  Effect of the volume of 0.3 % sulfanilamide solution for the formation of maximum azo dye 

 

 

Effect of hydrochloric acid 

The diazotization reaction occurred in acidic condition. The effect of hydrochloric acid concentration was 

investigated for maximum diazotization. It was found that the absorbance was increased with increasing acid 

volume from 1.0-3.0 mL of 1 M hydrochloric acid solution as shown in Figure 5. Above this range, a decrease in 

absorbance was observed. Thus, 3.0 mL of 1M hydrochloric acid was used in all methods. 

 

 
Figure 5:  Effect of the volume of 1.0 M hydrochloride acid solution for the  formation of maximum azo dye 

 

 

Effect of sodium nitrite 

For maximum formation of azo dye, the influence of sodium  nitrite concentration was investigated and present in 

Figure 6. The results demonstrate that there is an increase in absorbance and tend to have a constant value for 
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sodium nitrite solution with a volume of 5.0 mL. This volume was sufficient for complete diazotization and selected 

in order to ensure an excess of reagent to guarantee the reaction development. 

 

 
 

Figure 6:  Effect of the volume of 1% sodium nitrite solution for the  formation of maximum azo dye 

 

 

Stability of the azo dye 

The yellow color of azo dye develops instantaneously after the solution was heated on a boiling-water bath and 

remains stable for more than 1 hour at room temperature. The absorbance measurements are carried out in the 

subsequent experiments after dilution to mark up immediately. 

 

 

Table 2:  Optical characteristics of proposed method for spectrofotometric determination of ALP 

Parameter Values 

Type of method Azo coupling 

Reagent sulfanilamide 

Maximum wavelength, λmax (nm) 400 

Colour of the dye yellow 

Beer’s law range (μg/ mL) 5.0-50 

Molar absorptivity (L mol
–1

 cm
–1

) 2.5 × 10
3 
 

Sandell’s sensitivity (μg cm
–2

 / 0,001 Absorbance unit) 0.061
 

 

Regression equation  (Y = bx + a) 

Slope (b) 0.0103 

Intercept (a) 0.0986 

Correlation coefficient (r) 0.999 

Average recovery (%) 99.57 

Relative standard deviation (%) 0.89 

Limit of detection, LOD (μg/ mL) 2.246 

Limit of quantitation, LOQ (μg/ mL) 7.488 
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Analytical performance and calibration curve 

Analytical performance carried out on the proposed method reveal satisfactory results. Recovery studies results are 

close to 100%, which indicates good accuracy of the method. Calibration curve between the absorbance at the 

maximum wavelength of 400 nm and the concentration of ALP within Beer´s law limits was found linear over the 

concentration range 5.0-50 g/mL. Regression analysis using method of least squares of the calibration data. The 

correlation coefficient was found from the linear regression equation r = 0.999, which indicated an excellent 

linearity (Figure 7). The high molar absorptivities of the resulting colored complex indicate the high sensitivity of 

the method. The low value of relative standard deviation showing the  reproducibility of the proposed methods. 

Table 2 presents the optical characteristic such as maximum absorption, molar absorptivity, Sandell's sensitivity and 

others. 

 
 

Figure 7:  Calibration curve of spectrophotometric determination of ALP at  400 nm. 

 

 

Accuracy and precision of the method 

To check the accuracy and precision of the proposed analytical method, ALP is determined at three different 

concentrations with three replications. The results are shown in Table 3, which indicate good accuracy and 

precision.  

 

 

Table 3:  Accuracy and precision of the proposed method 

ALP given 

(g/mL) 

ALP obtained 

(g/mL) 
SD RSD (%) Recovery (%) 

10 9.8 0.21 2.17 98.45 

20 20.1 0.32 1.60 100.68 

50 50.7 0.92 1.81 101.44 

 

 

Application of the method 

To test the application of this method, accuracy and precision further ascertained by performing recovery 

experiments at three different concentrations using the standard addition method and the results are shown in Table 

4. Standard addition method was applied to the determination of ALP in urine to prove that the proposed method is 

not affected by the sample matrices. 
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Table 4:  Accuracy and precision of the proposed method (standard addition method) 

Amount of  

ALP added (g/mL) 

Amount of  

ALP found (g/mL) 

Recovery (%) 

(n =3) 

RSD (%) 

(n =3) 

10 9.9 99.42 1.212 

25 24.8 99.18 1.190 

40 40.1 100.10 0.259 

 

 

Conclusion 

A simple, rapid, low cost, accurate and sensitive spectrophotometric method for assay of ALP in urine was 

developed. Analysis based on the reaction diazotized of sulfanilamide with ALP as the coupling reagent in alkaline 

medium to form intense yellow coloured product, which having maximum absorption at 400 nm. The proposed 

method was successfully applied as an alternative method to assay ALP in urine using standard addition method. 
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