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ABSTRACT

Objective: Tolterodine (TOL) is an anti-muscarinic drug used for the symptomatic treatment of urinary incontinence. Analytical methods in 
the literature are not sensitive enough for the assay of drug substance biological fluids. To make up the deficit, we developed a sensitive, cost-
reduced spectrofluorimetric method for the determination of TOL in plasma and pharmaceutical preparations. 

Methods: TOL has a phenolic hydroxyl group that reacts with dansyl chloride. The spectrofluorimetric method is based on this reaction 
in the presence of a bicarbonate solution of pH 9.5 to give a highly fluorescent derivative, which can be measured at 590 nm with an ex-
citation wavelength at 360 nm in dichloromethane. Different experimental parameters affecting fluorescence intensity were optimized. 
The relationship between fluorescence intensity and TOL concentration was investigated.

Results: The developed method is linear in the concentration range of 5-60 ng mL−1 with a minimum detectability of 0.136 ng mL−1. 
The recovery was 100.48%.

Conclusion: A simple, cost-effective, and sensitive spectrofluorimetric method was developed and validated for the determination of 
TOL in human plasma and pharmaceutical preparations using dansyl chloride. According to this validation study, it is possible to use 
this proposed method for the routine analysis of the drug and for conducting bioavailability and bioequivalence studies with good ac-
curacy and precision. 
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Introduction

Tolterodine (TOL) tartrate, (R)-N, N-di-isopropyl-3-(2-hydroxy-5 methylphenyl)-3-phenylpropanamine L-hydrogen 
tartrate, is an antimuscarinic active pharmaceutical ingredient used in the treatment of urinary incontinence. TOL has 
a very high affinity for cholinergic muscarinic receptors (4). Following 2 mg oral administration, the maximum plasma 
concentration is 2-3 ng.mL−1 (5). 

There are several methods in literature for the analysis of TOL in biological fluids and pharmaceutical preparations. These 
methods are developed by spectrophotometry, high performance liquid chromatography, gas chromatography-mass spec-
trometry, and capillary electrophoresis techniques (9-12). The techniques require sophisticated instruments or rigorous 
sample preparation procedures. In addition, the mentioned spectrophotometric method is not sensitive enough for the 
analysis of TOL in biological fluids. Spectrofluorimetry enables a sensitive, simple, economical, and rapid analysis of drug 
substances by derivatization using appropriate reagents in biological fluids and pharmaceutical preparations. However, 
there is no method available in literature to spectrofluorimetrically analyze TOL. In this study, a new analytical method 
was developed based on the derivation of the TOL drug substance for the treatment of urinary incontinence using the dan-
syl chloride reagent. Dansyl chloride phenol is a commonly used fluorogenic derivatization indicator for the derivation of 
drugs containing primary and secondary amine groups (13-17). This reagent itself does not show fluorescence properties. 



It has a significant advantage because the reactive excess does 
not reveal any intervention status in the analysis. This method 
has been validated considering parameters, such as accuracy, 
precision, selectivity, linearity, and robustness. In addition, 
the developed method was applied to plasma and pharmaceu-
tical preparations of TOL, and no interference arising from 
sample components was detected. The derivatization reaction 
between dansyl chloride and TOL is shown in Figure 1.

Methods

Instruments
Fluorescence measurements were made using the Hitachi 
spectrofluorometer (Model U-2900). Xenon lamps and 1 cm 
light path cells were used. The excitation and emission wave-
lengths were 360 and 590 nm, respectively. The pH was mea-
sures using the WTW pH 526 digital pH meter.

Reagents and Solutions
TOL tartrate was obtained from Teva Tech (Israel). The phar-
maceutical preparation TOLTEX Film Tablet® (each film tab-
let contains 2 mg of tolterodine tartrate) was purchased from 
a pharmacy and dansyl chloride Sigma-Aldrich was purchased 
from Germany. All chemicals and reagents were of analytical 
purity. For TOL, a stock solution of 1 μg.mL−1 and various 
dilutions for the working solution were prepared in methanol.

Dansyl chloride was prepared fresh daily and as 2.0 mg.mL−1 
in acetone. Sodium bicarbonate (0.1 M) was prepared in wa-
ter and the pH was adjusted to 9.5 with sodium hydroxide. 
This solution can be stored at 4°C for 1 week.

General Procedure
Appropriate volumes of TOL stock solution (1 μg.mL−1) be-
tween 0.025-0.300 mL were transferred to the test tubes and 
the volume was adjusted to 0.3 mL using methanol; 200 μL 
of pH 9.5 bicarbonate solution and 200 μL of dansyl chloride 
solution were added to each tube. Each reaction mixture was 
incubated at 40°C for 10 minutes. The occurring derivatives 
were extracted into 5 mL of dichloromethane. The organic 
layer was separated and evaporated in a stream of nitrogen. A 

simultaneous blank determination was also performed simi-
larly. The fluorescence intensity was measured at 590 nm with 
360 nm excitation. Calibration curves were plotted as con-
centration against fluorescence intensity.

Calibration Curve
A series of standard solutions was prepared by diluting the 
TOL stock solution (1 μg.mL−1). The process described in 
the general procedure section was applied (n=5). Calibration 
curves were plotted as concentration against fluorescence in-
tensity using the least-squares method. The equation used for 
the calibration curve was If=aC+b, where C ng is the drug 
concentration at mL−1, and If is the fluorescence intensity.

Analytical Procedure for Tablet Formulation
A tablet powder containing 2 mg of TOL was weighed and 
transferred to a 50 mL volumetric flask. Fifteen milliliters of 
methanol was added and it was extracted by stirring for 20 
minutes in an ultrasonic bath. The volume was adjusted to 
50 mL with methanol and the final mixture was filtered. The 
calibration curve was studied with the appropriate amount 
of filtrate as in the preparation section. The amount of the 
substance in the tablet was calculated through the calibration 
curve equation that was obtained.

Analytical Procedure for Plasma Sample
Plasma samples of 100 μL were collected into test tubes and 
varying amounts of TOL solutions were added; subsequent-
ly, 250 μL 0.1 N NaOH was added. TOL was extracted to 
the plasma sample by mixing it with 3 mL of tbutylmeth-
ylether in a vortex mixer for 5 minutes and centrifuging at 
2000 rpm for 6 minutes. The organic phase was evaporated 
in a stream of nitrogen until dryness was achieved. The resi-
due was dissolved in 0.2 mL of methanol. The analyses were 
performed as described in the “General procedure” section. 
Blank determinations were also carried out similarly. The 
recovery from plasma was calculated using the calibration 
curve. For the plasma samples, approval was received from 
the Bezmialem Foundation University Clinical Research 
Ethics Board and written informed consent was obtained 
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Figure  1. Reaction between TOL and dansyl chloride
TOL: tolterodine

Dansyl chloride

Reaction product



from volunteers.

Results

Due to a high sensitivity of fluorimetry, it has been select-
ed for the analysis of TOL in plasma and pharmaceutical 
preparations. TOL contains a phenolic hydroxyl group in 
its chemical structure that makes it suitable for derivatiza-
tion using dansyl chloride. Dansyl chloride is an appropri-
ate and widely used marker for fluorimetric derivatization 
(13-17). The new method is based on the derivatization of 
drug substance with dansyl chloride. The derivatization re-
action occurs at a pH of 9.5, and the fluorescence intensity 
of the resulting derivative was measured at 590 nm with 360 
nm excitation in dichloromethane. The related spectrum is 
shown in Figure 2.

Optimization of Experimental Parameters
Various experiments have been carried out to determine 
the optimal values of the parameters affecting the de-
rivatization reaction. Some parameters were varied, while 
others were kept fixed. Tests were performed for the ex-
traction solvents using different solvents, such as chloro-
form, dichloromethane, diethyl ether, and benzene. It was 
found that the most efficient extraction was obtained using 
dichloromethane. The derivative formed under optimum 
conditions was found to be durable for 3 hours at room 
temperature. Firstly, the dansyl chloride concentration 
that provided the highest efficiency was specified. For this 
purpose, experiments were conducted using 0.02% dansyl 
chloride solutions in volumes ranging from 50 to 300 μL; 
200 μL 0.02% dansyl chloride was determined to be the 
most suitable concentration (Figure 3). The optimum re-
action pH was then determined by forming derivatives at 
different pH values. The tests were performed using buffer 
solutions at pH ranging from 9 to 11, considering that 
dansyl chloride reacts in alkaline environment. The high-
est fluorescence intensity was obtained at pH 9.5 by the 
addition of 200 μL buffer (Figure 4). The experiments for 
reaction medium temperature were carried out at 40ºC, 
50ºC, and 60ºC. Optimum temperature was found to be 
40ºC and the waiting-period was 10 minutes. Figure 5 
shows the effect of temperature and waiting-period on the 

derivatization reaction. The molar ratio of the TOL to the 
dansyl chloride is also investigated using the Job’s continu-
ous variable method. When the molar ratio of the TOL to 
the dansyl chloride was 1, it was concluded that the reac-
tion occurred with the highest efficiency (18).

Validation of the Developed Method
The validation procedure was conducted in accordance with 
the criteria designated in the International Conference on 
Harmonization (19).

Calibration and Sensitivity: The method is linear at a con-
centration range of 30-60 ng.mL−1. The equation for the re-
lationship between the concentration and fluorescence inten-
sity is If=14,975C-108,43. The limit of detection (LOD) and 
the limit of quantitation (LOQ) were calculated as follows: 
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Figure  3. Effect of dansyl chloride volume on reaction 
efficiency  (0.5 mg.mL−1)
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Şekil 4. Effect of pH on reaction efficiency
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Figure  5. Effect of temperature and waiting-period on 
reaction efficiency
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Figure  2. Derivative spectrums
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LOD and LOQ=KSDa/b; K=3 for LOD and K=10 for LOQ. 
a indicates the standard deviation of the cut-off point and b 
indicates the standard deviation of the slope. The analytical 
parameters of the method are listed in Table 1.

Accuracy, precision, and selectivity: A standard insertion tech-
nique was used to determine the accuracy of the method. Var-
ious quantities of pure TOL solution were added to plasma 
samples containing TOL at three different levels, which could 
be characterized as low, medium, and high. The recovery was 
calculated from the equation below.

Recovery%=[(Ct−Cu)/Ca]×100 Eqs

Ct represents the total analyte concentration; Cu represents 
the analyte concentration in the sample before the addition; 
Ca represents the pure analyte concentration that is added. 
The results are given in Table 2. The recovery of 100,40% 
shows that the method has a high accuracy. The selectivity of 
the method is a measure of the non-interference of sample 
components in the analysis. Tablet analyses did not interfere 
with any of the ancillary substances, and this was the result 
of placebo-based analyses. Two types of precisions were ex-
amined as intra-day and inter-day. TOL concentrations at 
three different levels were analyzed identically on the same 
day and on 7 consecutive days (n=5). Relative standard devia-
tion (RSD) was found to be 0.53% for intra-day and 1.02% 
for inter-day, and the results are shown in Table 2.

Robustness: It was determined that small modifications made 
under analytical conditions did not affect the method. For 
example, changes were made in the concentration of dansyl 
chloride at a/h%±0,5 temperature (optimum value±2ºC) and 
waiting-period (optimum value±0.25 min), and it was deter-
mined that the values of RSD did not change more than 2%. 
The pH was determined to be the parameter that affected the 
results most. It was observed that the reaction could occur at 
a pH range of 9.5±0.2.

TOL Analysis in Tablets
The newly developed method was applied to pharmaceu-
tical products called TOLTEX Film Tablet®. The results 
shown in Table 3 were achieved, suggesting that the meth-

od can be applied to tablets. In addition, the experiments 
revealed that there was no interference with tablet ancillary 
substances.

TOL Analysis in Plasma samples
In a study described in literature, a single 4 mg dose of TOL 
was administered orally in 20 volunteers and pharmacoki-
netic parameters were calculated. The Cmax was calculated as 
6.08±3.07 ng.mL−1, was achieved in approximately 5.4 hours 
(10). TOL, including its pharmacokinetic values, can be ana-
lyzed using the newly developed method. The results of the 
plasma analysis are shown in Table 4.

Table 1. Results of the analytical parameters of the 
method

Parameter Value

Wavelength (nm) λex: 360, λem: 590

Concentration rangea (ng.mL−1) 5.0-60.0

Regression equationb 

Cut-off±SD 108.43±0.68

Slope±SD 14.975±0.054

Specification coefficient (r2) 0.9981

Precision 

Intra-dayc, RSD% 0.53

Inter-dayd, RSD% 1.02

LOD (ng.mL−1) 0.136

LOQ (ng.mL−1) 0.434

aAverage of 5 analyses
bRegression analysis was performed to determine the 

relationship between TOL concentration and fluorescence 

intensity

If=m C+b C ng.mL−1 TOL concentration (independent 

Variable)

and If: fluorescence intensity (dependent variable)

cn=5 repetitions for each level

dResults of 7 different days

TOL: tolterodine; LOD: limit of detection; LOQ: limit of 

quantitation; RSD: relative standard deviation; SD: standard 

deviation

Table 2. Recovery results with standard insertion technique

   Total  Recovery (%) 
Presented Method Existing amount Amount added amount (ng.mL−1) 
 (ng.mL−1)a (ng.mL−1)  foundb (mean±SD) RSD (%)

 10 5 15.020±0.053 100.40 0.35

  30 40.120±0.230 100.40 0.57

  50 60.320±0.587 100.64 0.59

aTOLTEX Film Tablet® (2 mg)

bResults of 5 independent analyses

RSD: relative standard deviation; SD: standard deviation
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Conclusion

In conclusion, the newly developed spectrofluorimetric 
method is quite practical and applicable. Complicated sample 
preparation procedures are not required. High accuracy and 
precision in the plasma and tablets of TOL provides quite 
accurate analysis. This method can be used in bioequivalence 
studies and in routine analyses.
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