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ABSTRACT  
 

Tolterodine tartrate, an urinary muscle relaxant generally used in the treatment of urinary incontinence. A 
comparative study was done using sodium-, potassium- and ammonium- di-hydrogen phosphate buffer as a 
component of mobile phase for the detection of tolterodine tartrate in a HPLC-UV system. The best validation 
parameters were found in case of potassium di-hydrogen phosphate buffer which was found to be superior to an 
established method.   
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Introduction  
 

Tolterodine is a muscarinic receptor antagonist generally used in the treatment of incontinence and 
overactive urinary bladder. It has a good safety profile in human body. Several chromatographic analytical 
methods have been developed for the determination of tolterodine tartrate from human plasma (Zhang et al., 
2005) or from pharmaceutical dosage forms (Saxen et al., 2006). The aim of the present study was to run a 
comparative study of the performance of ammonium di-hydrogen phosphate, sodium di-hydrogen phosphate and 
potassium di-hydrogen phosphate buffers in mobile phases for the quantification of tolterodine tartrate from 
pharmaceutical dosage forms in a HPLC-UV system. Validation of the suggested method was also done. 
 
Materials And Methods 

 
Chemicals and reagents: 

 
Reference standard of tolterodine was purchased from Farmak (Czech Republic). Sodium-, potassium-, 

ammonium- dihydrogen phosphate, sodium hydroxide and methanol were obtained from Merck KGaA 
(Darmstadt, Germany), and ortho-phosphoric acid (H3PO4) (85%) from Riedel-de-Haën (Seezle, Germany).  
 
Instruments: 

 
The quantitative determinations were carried out in HPLC system-Agilent Technologies 1200 series (of 

Agilent Technologies, Waldbronn, Germany) equipped with an  Agilent DAD-G 1315B Diode-Array multibeam 
UV-visible detector (wavelength 220 nm was used), Agilent GA1322A degasser, Agilent G1316A column 
Thermostat, and an Agilent G1312A Thermostatted auto-sampler. The column was Zorbax XDB Eclipsed C18 

(4.6×250 mm, 5µm). The operating software was Agilent ChemstationTM for LC and LC-M/S systems. Mobile 
phases were filtered through membrane filter 47mm PVDF 0.2 µm paper of Pall Corporation.  The sample and 
standard solutions were filtered through disc filter containing 15mm 0.2 µm PVDF paper of Pall Corporation. 
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pH was measured with pH meter of HANNA Singapore. All measurements were done at room temperature with 
a flow rate of 1.5 ml/min. 
 
Preparation of buffer: 

 
7.8 gm of sodium- or potassium-di-hydrogen phosphate was dissolved in 200 ml de-mineralized water. The 

solution was further diluted up to 1000 ml with the same solvent. The pH of the solution was adjusted to 7.0 
using 0.1 N sodium hydroxide or 10% phosphoric acid. But the buffer prepared with ammonium di-hydrogen 
phosphate was as described in Saxen et al., (2006). 
 
Mobile phase: 

 
60:40 (v/v) mixture of methanol and buffer 

 
Solution for dilution: 

 
70:30 (v/v) mixture of methanol and de-mineralized water. 

 
Standard solutions: 

 
Tolterodine tartrate solutions prepared from  5.0 µg.mL-1 to 650 µg.mL-1. 

 
Preparation of sample solution of tablet: 

 
20 tablets were taken and average weight was calculated. The tablets were pulverised and from it an aliquot 

equivalent to 20 mg of tolterodine tartrate was taken. The sample was taken into a 100 ml volumetric flask and 
dissolved with 70:30 v/v mixture of methanol and de-mineralized water and solution was vigorously shaken for 
15 minutes. The solution was further diluted with the same solvents to get a concentration equivalent to 100 
µg.mL-1. Then the solutions were primarily filtered through Whatman filter paper and the solutions were further 
filtered through disc filter containing 15mm 0.2 µm PVDF paper.  
 
Comparative study between the sodium-, potassium-, and ammonium- di-hydrogen phosphate:  

 
The comparisions were done according to nature of peak (e.g. peak tailing), linearity and concentration 

range.  
 
Linearity and range: 

 
Linearity of an analytical method was determined by a series of three to six injections of five or more 

standards whose concentration span was 80-120 percent of the expected concentration range. The response 
should be proportional to the concentrations of the analytes, directly or by means of a well-defined mathematical 
calculation. A linear regression equation, applied to the results, should have an intercept not significantly 
different from zero. If a significant non-zero intercept is obtained, it should be demonstrated that there is no 
effect on the accuracy of the method. The range of concentrations that an analytical method can be implemented 
on is the interval between the upper and lower levels (including these levels) that have been demonstrated to 
have the appropriate precision, accuracy and linearity (USP, 2005; Sethi, 2001). 

Tailing factor (USP asymmetry) (USP, 2005; Sethi, 2001) 

 

 
 
Tailing factor,    

Where, 
T = tailing factor (measured at 5% of peak height) 
B (5%h) = distance from the point at peak midpoint to the trailing edge  
A (5%h) = distance from the leading edge of the peak to the midpoint  
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Analytical Method Validation:  
 
The developed chromatographic method using potassium di-hydrogen phosphate was validated for 

specificity, linearity, range, precision, accuracy, sensitivity, ruggedness, robustness and system suitability. The 
parameters were checked according to ICH (IFPMA, 2003) and other regulatory guidelines (USP, 2005; Sethi, 
2001). 
 
Results And Discussion 

 
Strong linearity was observed using the three buffers i.e. R values were greater than 0.99. Average peak 

tailing when using sodium and potassium di-hydrogen phosphate was within the acceptable range (1 to1.5). 
Among the three buffers, use of potassium salt had the most sensitive and had a wider concentration range 
[Table 1]. Again using potassium and sodium salts were more stable and they seemed to be superior to 
ammonium salt (an established method).  Following analysis of three commercial products (tablet), the accuracy 
and precision in using potassium salt was found to be much better than using the other two salts [Table 2]. 

Validation parameters i.e. specificity, linearity, range, precision, accuracy, sensitivity, ruggedness, 
robustness and system suitability of the method using potassium di-hydrogen phosphate buffer  were found 
acceptable [Table 3, Figures 1, 2, 3]. 

In conclusion, use of potassium di-hydrogen phosphate gave superior results for detection of tolteroine 
tartrate in HPLC-UV system compared to the present use of ammonium di-hydrogen phosphate (Zhang et al., 
2005). 

 
Table 1: Comparative study of using different types of salts as a component of phosphate buffer (a component of mobile phase) 

   Type of salts used in phosphate buffer 

Parameters Ammonium salt sodium salt Potassium salt 

R value 0.99 0.999 0.999 

Average peak tailing (USP) 1.72 1.14 1.10 

concentration range (µg.mL-1) 200.6 to 601.8 20.0 to 400.0 20.0 to 600.0 

 
Table 2: Comparative study of commercial product analysis using different types of salts as a component of phosphate buffer.  

Commercial Product analysis 
Type of salt used in phosphate buffer 
Product code Ammonium salt sodium salt Potassium salt 
  mean±RSD(%) mean±RSD(%) mean±RSD(%) 
T1 1.87±0.06 2.06±6.7 2.07±0.13 
T2 2.04±2.35 2.07±1.70 2.03±0.38 
 T3 1.82±0.06 2.03±1.98 1.98±2.37 

 
Table 3: Summary of the validation parameters of the proposed analytical method using potassium dihydrogen phosphate. 

Validated parameters Results 
Linearity range 20µgmL-1 to 600 µgmL-1 (r2>0.999) 
Limit of detection (LOD)  2.5µgmL-1  
Limit of quantification (LOQ) 20.0µgmL-1 with RSD 1.8 % 
Intra-assay precision RSD <2.0 %  
Inter-assay precision RSD< 1.0%  
Mean recovery 99.72 % 
Accuracy Accurate 
Specificity Specific 
Ruggedness Agreeable 
Robustness Robust 
Stability Stable 
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Fig. 1: Peak chromatogram of  tolterodine tartrate using potassium di-hydrogen phosphate buffer. 

 

  
 

Fig. 2:  Peak chromatogram of  tolterodine tartrate using sodium di-hydrogen phosphate buffer. 
 

 
 

Fig. 3: Peak chromatogram of tolterodine tartrate using ammonium di-hydrogen phosphate buffer. 
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