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Abstract 
In the present work, spectrophotometric method was 

developed for analysis of mercaptopurine and 

dimercaprol to be applied in quality control and 

monitoring water pollution. These drugs are used for 

the treatment of cancer and heavy metal poisoning 

respectively. Both mercaptopurine and dimercaprol 

react with colourless anhydrous manganese (II) 

acetate in DMSO to form soluble brown coloured 

complexes which showed λmax at 350 nm and 360nm 

during spectrophotometric analysis.  

 

This newly developed method was successfully applied 

for analysis of commercial drugs and spiked water. The 

recovery of these drugs from commercial formulations 

and spiked water samples was in the range between 

98.0-99.7% with RSDs in the range 0.56-1.50% that 

indicated high degree of accuracy and precision of the 

method. 
 
Keywords: Anhydrous manganese (II) acetate, 
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Introduction  
Mercaptopurine and dimercaprol are effective and safe 

mercapto drugs. Mercaptopurine (MP) is a 

chemotherapeutic agent used for the treatment of acute 

myeloid leukaemia, acute lymphoblastic leukaemia, chronic 

myeloid leukaemiaand various other cancers11,12,15. 

Dimercaprol, commonly known as British Anti-Lewisite 

(BAL), is used to treat arsenic, gold, copper and mercury 

poisoning3,27. The analysis of these drugs for their active 

ingredient content is an important part of drug analysis in 

order to maintain uniform therapeutic standard for all form 

of medication and to establish safe and practical standards 

with respect to both dosage and quality. Though these drugs 

are considered as indispensable and safe, yet they are 

responsible for polluting the water bodies when enter into 

water sources by the population after simply flushing out 

outdated and unused drugs4.  

 

For the purpose of quality control and monitoring water 

pollution, there is a dire need to determine these drugs in 

commercial pharmaceutical formulations and in spiked 

water samples.Various methods for the analysis of these 

drugs have been reported using different techniques like 

spectrophotometry5,8,22-24,26, fluorimetry10,14, 

voltammetry2,18,25, GC and HPLC1,6,7,9,13,16,20,21. Despite the 

precision and accuracy, all reported methods are time-

consuming, expensive, requiring high analytical skill and 

thus limiting their wide applicability.  

 

However, analysis by spectrophotometry permits low cost, 

easy operation, good precision and high sensitivity. Methods 

based on spectrophotometry find wide acceptance due to 

their simplicity and allowing analysis in less time19,28. 

Therefore, in the present work, an attempt has been made to 

develop the spectrophotometric method for the 

determination of mercaptopurine and dimercaprol using 

anhydrous manganese (II) acetate as chemical sensor. 

 

Material and Methods  
Analytical standard mercaptopurine and dimercaprol 

(Sigma-Aldrich), two commercial formulations viz. MP 

(Zydus Oncosciences, Ahmedabad, India) and Captomer 

(Neon laboratories Ltd., Mumbai, India) were each labelled 

to contain 50 mg of mercaptopurine per tablet. One 

formulation of dimercaprol viz. BAL injection B.P. (The 

Boots Company PLC, Nottingham, England) containing 50 

mg mL-1 of injection was procured and used as received. 

Dimethyl sulphoxide (DMSO) (Extrapure, Sisco Research 

Laboratories Pvt. Ltd., Bombay) was dried over calcium 

oxide and then distilled under reduced pressure19. Carbon 

disulphide (Baker analysed) was used as received. 

 

Preparation of reagents used in analysis: For making the 

standard solution of anhydrous manganese (II) acetate in 

DMSO, first the hydrated sample of manganese(II) acetate 

[Mg(CH3COO-)2.4H2O] was converted into anhydrous form 

by keeping the sample overnight under acetic anhydride and 

then white anhydrous compound was filtered and washed 

with ether, dried and kept in tightly closed bottle.  Standard 

solution of anhydrous manganese (II) acetate in DMSO was 

prepared by dissolving a little more than calculated amount 

of the sample in DMSO and standardised against EDTA28. 

 

Analysis of mercaptopurine and dimercaprol: For the 

analysis of mercaptopurine and dimercaprol, standard curves 

of these drugs were prepared. Aliquots (0.1-2.0 mL) of the 

standard solution in DMSO of mercaptopurine (0.001 mol  

L-1) and dimercaprol (0.0005 mol L-1) were taken in 5 mL 

measuring flasks and volume made to 2 mL with DMSO. 

Each solution was also mixed anhydrous manganese (II) 

acetate (1 ml,~0.01M in DMSO) and the final volume made 

to 5 mL with DMSO. The absorbance of the resulting brown 

colour was measured at 350 nm and 360 nm for 

mercaptopurine and dimercaprol respectively (λmax of 
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manganese (II) drug complex, fig. 1 and 2). The colour was 

stable for at least 120 min in each case. The calibration 

graphs were constructed by plotting the absorbance values 

against concentration of each drug compound in the usual 

way and Beer’s law is obeyed up to 60 and 65μg ml-1 of 

mercaptopurine and dimercaprol respectively. Optical and 

calibration characteristics are summarized in table 1. The 

content of mercaptopurine and dimercaprol present in the 

commercial formulation and spiked water was determined 

from the standard curves. 

 

Determination of mercaptopurine and dimercaprol in 
commercial formulation: Two formulations of 

mercaptopurine (captomer and 6-MP) each labelled to 

contain 50 mg of MP per tablet and one formulation of 

dimercaprol injection B.P. containing 50 mg ml-1 of injection 

were used. A known number of tablets (20 tablets) of each 

formulation of mercaptopurine were weighed and crushed 

into powder. Stock solution was prepared by dissolving 

accurately weighed amount equivalent to 152.16 mg of MP 

in DMSO and sonicated for 10 min. The solution was filtered 

and residue was washed 2-3 times with DMSO. The filtrate 

and washings were diluted to 100 mL with same solvent. The 

stock solution of dimercaprol from its injection formulation 

was prepared by dissolving accurate volume of injection to 

a known volume of DMSO. Suitable aliquots of the extracts 

were taken for analysis as described for pure compounds. 

Assay results are given in table 2 and 3. 

 

Determination of mercaptopurine and dimercaprol in 

spiked water samples: About one liter of tap water was 

randomly collected from the local area. 10 mL of water 

sample was transferred into five 25 mL glass tubes and 

spiked with DMSO solution of mercaptopurine (0.001 mol 

L-1) in the range 3.0-60.0 µg and of dimercaprol (0.0005 mol 

L-1) in the range 1.2-14.4 µg. Each solution was then mixed 

with 5 mL of buffer solution of pH 5, 2 mL cyclohexane and 

1 mL of Triton X-100 (1% aqueous solution) and diluted to 

25 mL with water.

 

Table 1 

Spectrophotometric determination of mercaptopurine and dimercaprol with anhydrous manganese(II) acetate: 

optical and calibration characteristics 
 

Characteristics Mercaptopurine Dimercaprol 

λmax (nm) 350 360 

Beer’s range (µg mL-1) 3.0-60.0 2.4 – 65.0 

Stability (min) 120 120 

Molar Absorptivity (ɛ) [L mol-1 cm-1] 2.6 x 103 1.50 x103 

Slope 0.0114 0.0265 

Intercept 0.1461 -0.0282 

Correlation coefficient (r) 0.9864 0.9895 

 

 
Fig. 1: Absorption spectra of manganese (II) - mercaptopurine complex 
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Fig. 2: Absorption spectra of manganese (II) - dimercaprol complex 

 

Table 2 

Spectrophotometric determination of mercaptopurine in pharmaceutical dosage forms. 
 

Drug Compound Formulation Maker’s 

specification† 

Active 

Ingredient 

added (µg) 

Active Ingredients* 

Found 

(µg) 

Recovery 

(%) 

Mercaptopurine Captomer 50 mg per tablet 3.0 2.94±0.045 98.0±1.50 

   15.0 14.89±0.193 99.3±1.29 

   30.0 29.86±0.255 99.5±0.85 

   45.0 44.45±0.298 98.8±0.66 

   60.0 59.85±0.334 99.7±0.56 

 6-MP 50 mg per tablet 3.0 2.96±0.041 98.7±1.36 

   15.0 14.87±0.187 99.1±1.25 

   30.0 29.86±0.241 99.5±0.80 

   45.0 44.81±0.282 99.6±0.63 

   60.0 59.89±0.326 99.8±0.54 

*Values are mean of the five determinations with standard deviations (±). 

†Makers specificationsare established by independent method17 

 

Table 3 

Spectrophotometric determination of dimercaprol in pharmaceutical dosage forms. 
 

Drug Compound Formulation Maker’s 

specification† 

Active 

ingredient 

added 

(µg) 

Active ingredient* 

Found 

(µg) 

Recovery 

(%) 

 

 

Dimercaprol 

 

B.A.L injection 

B.P. 

 

 

50 mg per mL 

   

2.4 2.37±0.033 98.9±1.37 

7.2 7.15±0.069 99.3±0.96 

14.4 14.30±0.088 99.3±1.16 

28.8 28.66±0.204 99.5±0.71 

 57.6 57.37±0.472 99.6±0.82 

*Values are mean of the five determinations with standard deviations (±). 

†Makers specification are established by independent method17 
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The content of each flask was transferred into 25 mL 

centrifuging tubes and kept in the thermostatic bath at 55°C 

for 10 min. Separation of the phases was done by 

centrifugation at 3500 rpm for 10 min. The aqueous phase 

was easily removed by pipette. The surfactant-rich phase 

was dissolved in 2 mL DMSO and mixed with 1 mL of 

anhydrous manganese(II) acetate solution (in DMSO) and 

the final volume was made to 5 mL with DMSO. The 

absorbance of the brown colour was measured at 350 and 

360 nm respectively against a reagent blank prepared under 

similar conditions. The results are summarized in table 4. 

 

Results and Discussion 
Manganese (II) acetate forms coloured complexes with 

water insoluble organosulphur compounds including 

mercaptans but its original light pink colour deepens in 

organic solvents and consequently restricts its use in organic 

solvents. In order to extend the advantages of this reagent in 

organic analysis, in the present work, anhydrous manganese 

(II) acetate was stabilized by treating manganese (II) 

acetatetetrahydrate with acetic anhydride.  

 

The resulting reagent form was quite stable and formed 

stable and colourless solution in DMSO and in other organic 

solvents. This reagent was found suitable for the 

spectrophotometric determination of mercaptopurine and 

dimercaprol drugs.  

 

The proposed method was based on the formation of brown 

complexes with the mercapto group of the drug compounds. 

Mercaptopurine with one mercapto function reacts with the 

reagent in 4:1 molar ratio, dimercaprol with two functions 

reacts in 2:1 molar ratio forming an intense brown complex 

in each case.The above stoichiometry has also been 

established by photometric titrations of the drug compounds 

at respective wavelengths. An inverted L-shaped titration 

curve with intersections at 4:1 and 2:1 molar ratios with 

mercaptopurine and dimercaprol was obtained (Fig. 3). 

 

The reagent forms colourless solution in DMSO which was 

stable and reacts with mercaptopurine and dimercaprol to 

form corresponding drug manganese (II) soluble brown 

complexes. The analysis was accomplished by measuring 

the colour at 350 nm and 360nm respectively. Optimizations 

of various experimental parameters, stoichiometry and 

proposed mechanism of colour reaction were also studied in 

developing the method for its application to the analysis of 

these drugs in pharmaceutical formulation and water 

samples. Structures of mercaptopurine (I) and dimercaprol 

(II) and chemical reaction (III) are shown in scheme 1. 

 

 
                                                          (I)                                                                           (II) 

 

 
(III) 

Scheme 1: Structures of mercaptopurine and dimercaprol are shown in scheme 1 and chemical reaction 
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Fig. 3: Typical photometric titration curve of mercaptopurine and dimercaprol with  

anhydrous manganese (II) acetate 

 

Table 4 

Spectrophotometric determination of mercaptopurine and dimercaprol in spiked water samples. 
 

Drug Compound Active Ingredient added 

(µg) 

Active Ingredient* 

Found 

(µg) 

Recovery 

(%) 

 

 

 

Mercaptopurine 

3.0 2.65±0.042 88.3±1.40 

15.0 13.56±0.209 90.4±1.39 

30.0 27.62±0.324 92.1±1.08 

45.0 42.51±0.348 94.5±0.77 

 60.0 57.32±0.378 95.5±0.63 

 

 

Dimercaprol 

2.4 2.10±0.038 87.5±1.58 

7.2 6.63±0.096 92.2±1.33 

14.4 6.71±0.142 93.2±0.99 

28.8 13.42±0.228 94.8±0.79 

 57.6 5.67±0.374 94.9±0.65 

      *Values are mean of the five determinations with standard deviations (±) 

 

The colour which developed instantaneously on mixing 

thereagents was stable for 2 hours.   

 

The Beer's law was obeyed up to 60 and 65μg ml-1 of 

mercaptopurine and dimercaprol solution respectively. The 

proposed method shows good precision and accuracy with 

maximum relative standard deviation (RSD) of 1.50% in the 

determination of mercaptopurine and dimercaprol in the 

range of 3.0-60.0 µg and 2.6-65.0 µg. The method has 

successfully been applied to the analysis of each drug in their 

commercial dosages forms and validated for their 

determination in spiked water samples. In the formulation 

analysis, the recoveries were in the range 98.0–99.7% of the 

nominal contents with RSD's in the range 0.56 - 1.50 % 

(Table 2 and 3).   

 

Mercaptans in various biological and pharmaceutical 

preparations have been determined by numerous methods 

involving a variety of procedures and techniques.  Broadly, 

the methods of determining mercapto group depend on one 

of the following fundamental procedures i.e. oxidation of 

mercapto group to disulphides, mercaptide formation and 

alkylation. These methods have, however, been described to 

lack specificity and doubts have frequently been expressed 

over the stoichiometry of oxidation. Slow oxidation, less 

solubility of drug compounds in water and interference from 
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other sulphur containing groups are some of the 

disadvantages of these methods. To overcome these 

problems, non-aqueous spectrophotometric method has been 

developed for the analysis of mercaptans. The method has 

successfully been applied to the analysis of some 

commercial drugs viz. dimercaprol and mercaptopurine. 

 

A special attribute of the method is that it has been tested on 

a good number of mercaptans before applying to the listed 

drugs, thus the method would give the users a confidence in 

extending to more and more drugs/formulations containing 

mercaptans. The immediate development of the colour with 

colourless reagent, stability of the colour and reagent 

solution, non-extraction of coloured product, established 

stoichiometry of the colour reaction and above all, simplicity 

and rapidity of the procedure are other features of the 

proposed method. Hence, the present spectrophotometric 

method developed for the analysis of mercaptopurine and 

dimercaprol could be applied in quality control and in 

monitoring water pollution.  

 

In general, drugs are considered indispensable and safe but 

when water bodies enter through excretion and/or when 

people flush out the outdated, then unused drugs are found 

to pollute the water resources. Therefore, to protect the 

natural resources form contamination, it is always advisable 

to follow the drug take back options as they are best way for 

safely disposal of unused or expired medicines.  

 

Conclusion 
A simple and rapid spectrophotometric method for 

determination of mercaptopurine and dimercaprol in 

pharmaceutical formulations has been developed.  The 

method was based on the reaction of the mercapto group of 

the drug with anhydrous manganese (II)-acetate in DMSO to 

form brownish manganese (II) drug complex showing λmax 

at 350 nm and 360 nm respectively. The proposed method 

showed good precision and accuracy with maximum relative 

standard deviation (RSD) of 1.05%. The high recoveries of 

drugs from their commercial pharmaceutical formulations 

and spiked water samples in the range 98.0-99.7% with 

RSDs in the range 0.56-1.50% indicated good accuracy and 

precision of the proposed method. 

 

The immediate development of the colour with colourless 

reagent, stability of the colour and reagent solution, non-

extraction of coloured product, established stoichiometry of 

the colour reaction and above all, simplicity and rapidity of 

the procedure are other attractive features of the proposed 

method. Overall, the present spectrophotometric method 

developed for the analysis of mercaptopurine and 

dimercaprol could be applied in quality control and 

monitoring water pollution.  
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