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Introduction
Tolterodine tartrate, an antimuscarinic drug, is commonly used for 
the treatment of overactive bladder, offering relief from symptoms 
such as urinary frequency, urgency, and incontinence. However, 
one of the significant challenges in the clinical use of Tolterodine 
tartrate lies in its short half-life, requiring frequent dosing and 
resulting in inconsistent plasma concentrations. This variability 
often leads to suboptimal therapeutic effects and may increase 
the likelihood of side effects. Consequently, there is a growing 
need for sustained-release formulations that can offer prolonged 
therapeutic efficacy while enhancing patient compliance.

Several previous works have focused on overcoming the 
limitations of conventional immediate-release formulations by 
exploring controlled-release systems, with advancements in both 
tablet and pellet formulations [1,2]. These studies have shown that 
sustained-release delivery systems can provide a more consistent 
plasma concentration of the drug, minimizing side effects and 
improving patient outcomes [3]. However, existing formulations 
often face challenges, including variability in release rates and 
limited stability. In light of this, newer techniques such as extrusion 
and spheroidization have gained attention as promising methods 
to create more stable, uniform, and controlled-release dosage 
forms [4,5].

This study aims to address the existing gaps by investigating 
the formulation and evaluation of Tolterodine tartrate sustained-
release pellets using extrusion and spheroidization. The aim is 
to develop a robust and effective formulation with optimized 
release kinetics and improved stability. By focusing on these 
techniques, this research seeks to enhance the controlled release 
of Tolterodine tartrate, contributing to more efficient and patient-
friendly treatment options for individuals with overactive bladder 
[6].

Materials and Methods
Materials
Tolterodine tartrate was obtained from manufactures Eisai Pharma 
technology Private Limited, Parawada,Visakhapatnam. All other 
excipients used were of commercial grade [7].

Preparation of Core Pellets by Extrusion and Spheronization
The core pellets were prepared using Di Calcium Phosphate 
(DCP) and Microcrystalline Cellulose (MCC) as the primary 
excipients, with additional water-swellable excipients, such as 
Eudragit, to aid in formulation stability. The process began by 
taking the measured quantities of MCC and DCP, and mixing 
them thoroughly. Eudragit was then slowly incorporated into the 
mixture, followed by further mixing for 2-3 minutes using a rapid 
mixer granulator. Purified water was added to the mixture, and 
it was mixed for another 3-4 minutes at a current of 0.75 amps. 
The blend was then extruded using an extruder with a 0.8mm 
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This study aimed to formulate and evaluate sustained-release pellets of Tolterodine Tartrate using extrusion and spheroidization techniques, focusing 
on the tablet form for improved drug delivery. Tolterodine Tartrate, commonly used for overactive bladder treatment, requires controlled release 
to enhance therapeutic efficacy and patient compliance. Drug-excipient compatibility was assessed through physical observation and Fourier 
Transform Infrared (FTIR) spectroscopy, with no significant interactions observed. The flow properties, including bulk density, tapped density, 
and angle of repose, were optimized to ensure uniform pellet formation. The physicochemical evaluation of the pellets, including drug content, 
friability, and weight variation, met the required quality standards for tablet use. In-vitro drug release studies, conducted using the USP type I basket 
method, revealed that the optimized formulation (F5) exhibited a cumulative drug release of 88% after 7 hours, closely mimicking the performance 
of the innovator tablet formulation. Kinetic modeling of the release profiles indicated a diffusion-controlled release mechanism, fitting Zero-order 
and Higuchi models. Stability studies under accelerated conditions (40°C/75% RH) over 6 months showed no significant changes in the physical 
appearance, drug release profile, or assay values, indicating the stability of the optimized formulation. The results highlight the effectiveness of the 
sustained-release tablet formulation, offering a promising alternative to traditional immediate-release tablets, ensuring prolonged therapeutic effects 
and improved patient adherence to treatment.
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die to form the core pellets. These extrudes were transferred to a 
spheronizer, arranged with a small plate, and rotated at 2600 rpm 
for 2 minutes to form spherical pellets. The spheronized pellets 
were passed through a #30 mesh to remove excess powder and 
dried in an oven at 40°C. Subsequently, the beads were placed in 
a rapid dryer, and the drying process was carried out at an inlet 
temperature of 40°C for 30 minutes [8].

Drug Coating onto the Core Pellets by Fluidized Bed Processor 
(FBP)
The drug coating was performed by preparing a suspension of 
Tolterodine tartrate, a binder, and other excipients in a mixture of 
ethanol and purified water. The required quantity of Tolterodine 
tartrate was dissolved in ethanol using a lab stirrer, followed by 
the addition of Methocel E5 LV under continuous stirring. Purified 
water was then added to the mixture, and the suspension was 
stirred for 30 minutes to ensure homogeneity. The DCP/MCC 
extrudes, sized through #18/#25 mesh, were loaded into a fluid 
bed processor, preheated for 10 minutes, and then coated with the 
drug suspension. The coating process continued until the desired 
weight gain was achieved. The parameters for this stage, including 
inlet temperature (40-50°C), product temperature (30-40°C), and 
exhaust temperature (25-35°C), were optimized as indicated in 
the process parameters [9].

Sustained Release Coating Stage-I
A sustained release suspension was prepared by mixing Surelease 
and Methocel E5 LV in purified water under continuous stirring 
until a clear solution was obtained. Surelease E719050 (ethyl 
cellulose) was then added, followed by continuous agitation to 
form a homogenous suspension. This suspension was applied to the 
drug-coated pellets in a fluidized bed processor. The pellets were 
preheated until a product temperature of 45-55°C was achieved. 
The suspension was sprayed onto the pellets, and the coating 
continued until the target weight gain was reached. The pellets 
were then dried for 10 minutes at the product temperature [10].

Sustained Release Coating Stage-II
For the second sustained release coating stage, a suspension 
containing ethocel, methocel, ethanol, and dichloromethylene was 
prepared. Ethanol was continuously stirred, and ethocel was added 
until a clear solution was formed. Methocel and dichloromethylene 
were subsequently incorporated into the mixture under continued 
stirring. This sustained release suspension was applied to the 
pellets using the same process as in Stage-I, with the appropriate 
parameters set for the fluidized bed processor, including inlet 
temperatures of 60-70°C and product temperatures of 50-60°C 
[11].

Filling of SR-II Pellets into Capsules
Following the coating process, the sustained release pellets (SR-
II) were carefully filled into hard gelatin capsules. The capsules 
were then evaluated for various physical and chemical properties, 
as described in the following sections [12].

Composition of Sustained Release Tolterodine Tartrate Pellet 
Formulations (F1-F8)
The compositions for the sustained release Tolterodine tartrate 
pellet formulations (F1-F8) are outlined in Table 6.6. The core pellet 
formulations involved varying concentrations of microcrystalline 
Cellulose (MCC), Dicalcium Phosphate (DCP), and Eudragit. 
During the drug loading stage, Tolterodine tartrate and Methocel 
E5 LV were incorporated, followed by sustained release coatings 
in two stages (Stage-I with Surelease and Methocel E5 LV, Stage-II 
with ethocel, Methocel, and dichloromethylene) [13].

Evaluation of Core Pellets
The flow properties of the pellets were assessed by measuring 
bulk density, tapped density, angle of repose, Carr’s Index, and 
Hausner’s ratio. These parameters helped to characterize the 
flowability of the pellets, which is crucial for ensuring proper 
filling into capsules. The limits for the flow properties of pellets 
were classified as excellent, good, fair, possible, poor, and very 
poor, based on the angle of repose and Carr’s Index [14].

Physico Chemical Evaluation of Tolterodine Tartrate SR 
Pellets in Capsules
Several tests were performed to evaluate the physicochemical 
properties of the Tolterodine tartrate Sustained Release (SR) 
pellets. These included weight variation, thickness, friability, 
and in-vitro drug release studies. Drug release was studied using 
the USP Type II rotating paddle method, with the dissolution 
medium being a phosphate buffer (pH 6.8). The capsules were 
kept in sinkers to prevent floating, and samples were withdrawn 
at specified time intervals for UV spectrophotometric analysis at 
282 nm [15].

Assay (by HPLC)
High Performance Liquid Chromatography (HPLC) was used 
to determine the assay of Tolterodine tartrate in the pellets. The 
chromatographic conditions included a Hiban column, with a 
flow rate of 1.0 ml/min, a wavelength of 282 nm, and an injection 
volume of 10 μl. The mobile phase was prepared by mixing 
perchloric acid with acetonitrile (50:50 ratio), and the sample 
preparation involved sonication and dilution. The assay was 
performed by injecting the sample solution and analyzing the 
resulting chromatograms [16].

Kinetics of Drug Release
To determine the mechanism of drug release, the dissolution data 
for each formulation were analyzed using various kinetic models, 
including Zero-order, Higuchi’s square root, and Peppas models. 
The release data were fitted into these models to determine the 
best fit and the release mechanism, which was found to be a non-
Fickian diffusion mechanism with super Case II transport [17].

Stability Study
The formulation F5 was selected for stability testing, which 
was carried out under accelerated conditions (40°C ± 2°C/75 
± 5% RH). The pellets were periodically assessed for physical 
appearance and in-vitro drug release to ensure stability under 
these conditions [18].

Results and Discussion
Construction of Calibration Curve
Table 1: Calibration Curve Data for Tolterodine Tartrate at 
282 nm

Concentration (µg/ml) Absorbance at 282 nm
0 0.000
2 0.023
4 0.050
6 0.069
8 0.093
10 0.123
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Figure 1: Calibration Curve of Tolterodine Tartrate

Drug-Excipients Compatibility Studies
Physical Observation 
Table 2 presents the physical observation results of the drug and excipients after storage at 40°C and 75% RH for 1, 2, 3, and 6 
months. No characteristic changes (NCC) were observed for any of the formulations, indicating no physical interaction between the 
drug and excipients.

Table 2: Results of Physical Observation
SS. No. Composition 

Details
Initial 
Observation

1 Month 2 Months 3 Months 6 Months

1 Drug alone White to off-white 
powder

NCC NCC NCC NCC

2 Drug + 
Microcrystalline 
cellulose (MCC)

White to off-white 
powder

NCC NCC NCC NCC

3 Drug + Dicalcium 
Phosphate (DCP)

White to off-white 
powder

NCC NCC NCC NCC

4 Drug + Methocel 
E 5 LV

White to off-white 
powder

NCC NCC NCC NCC

5 Drug + Eudragit 
L30 D55

White to off-white 
powder

NCC NCC NCC NCC

6 Drug + Ethocel White to off-white 
powder

NCC NCC NCC NCC

7 Drug + Surelease White to off-white 
powder

NCC NCC NCC NCC

8 Drug + Talc White to off-white 
powder

NCC NCC NCC NCC

NCC-No Characteristic Change

Analytical Observation (FTIR Study)
The FTIR spectra were analyzed for the drug-excipients combinations, confirming no significant interaction between Tolterodine 
Tartrate and the selected excipients. FTIR spectra for each combination, such as with MCC, DCP, Methocel E5 LV, Eudragit L30 
D55, Surelease, and others, displayed characteristic peaks for the drug and excipients, confirming their stability in the formulation.
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Figures 2 to 9: FTIR spectra of Tolterodine Tartrate and its 
Combinations with Different Excipients are shown.

Flow Properties of Core Pellets
Table 3: Flow Properties of Core Pellets

Formulation Code Bulk Density 
(g/cm³) ± SD

Tapped Density 
(g/cm³) ± SD

Angle of Repose
(°) ± SD

Carr’s Index
± SD

Hausner’s Ratio
± SD

F1 0.437 ± 0.01 0.493 ± 0.015 33.21 ± 0.02 11.35 ± 0.96 1.128 ± 0.05
F2 0.433 ± 0.02 0.496 ± 0.03 34.94 ± 0.73 12.70 ± 2.25 1.145 ± 0.03
F3 0.493 ± 0.08 0.560 ± 0.01 32.97 ± 0.68 11.96 ± 3.97 1.135 ± 0.05
F4 0.476 ± 0.012 0.526 ± 0.019 28.87 ± 0.40 9.50 ± 1.81 1.105 ± 0.02
F5 0.481 ± 0.06 0.530 ± 0.01 25.92 ± 0.27 9.24 ± 1.28 1.101 ± 0.04
F6 0.420 ± 0.017 0.483 ± 0.02 34.12 ± 0.22 13.04 ± 1.51 1.150 ± 0.03
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F7 0.453 ± 0.025 0.536 ± 0.025 36.21 ± 0.29 15.48 ± 1.19 1.184 ± 0.02
F8 0.447 ± 0.015 0.503 ± 0.02 32.21 ± 0.39 11.13 ± 1.96 1.125 ± 0.03

Physico-Chemical Evaluation of Extended-Release Pellets in Capsules
Table 4: Results of Physico-Chemical Parameters

Formulation Code Weight Variation 
(mg) ± SD

Thickness 
(mm) ± SD

Friability 
(%) ± SD

Drug 
Content (%)

F1 214 ± 1.55 1.24 ± 0.03 0.48 ± 0.025 97.44
F2 217 ± 0.92 1.20 ± 0.02 0.54 ± 0.031 96.89
F3 214 ± 0.81 1.15 ± 0.03 0.57 ± 0.042 98.36
F4 215 ± 0.72 1.13 ± 0.05 0.46 ± 0.036 98.10
F5 216 ± 0.19 1.25 ± 0.03 0.35 ± 0.011 98.72
F6 213 ± 0.84 1.17 ± 0.04 0.56 ± 0.023 97.65
F7 216 ± 0.38 1.16 ± 0.07 0.61 ± 0.038 98.43
F8 214 ± 0.52 1.18 ± 0.02 0.54 ± 0.035 98.28

In-Vitro Drug Release Studies
Table 5: In-Vitro Dissolution Values of All Formulations (F1-
F8)

Time (hrs) % Cumulative Drug Release
0 0.00%
1 23.00%
2 59.00%
3 78.60%
5 91.00%
7 93.70%

Figure 10: Comparative In-vitro Drug Release Graph for 
Formulations F1-F8

Figure 11: Comparative Higuchi’s Drug Release Graph of 
Formulations F1-F8

Figure 12: Comparative Peppa’s Drug Release Graph for 
Formulations F1-F8

Table 6: Dissolution Data of Innovator
Time (hrs) % Drug Release

1 11.00%
2 33.20%
3 61.20%
5 80.00%
7 88.20%

Kinetic Release Studies for Innovator Product and Optimized 
Formulation F5

Table 7: The Results of Dissolution Model Fitting for Innovator 
Product

Model Correlation Coefficient (r²)
Zero-Order Equation 0.923

Higuchi Model 0.925
Korsmeyer-Peppas Model 0.918

Table 8: The Results of Dissolution Model Fitting for Optimized 
Formulation F5

Model Correlation Coefficient (r²)
Zero-Order Equation 0.941

Higuchi Model 0.962
Korsmeyer-Peppas Model 0.959

Diffusion Characteristics of Tolterodine Tartrate Pellets (F1-F8)
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Table 9: Diffusion Characteristics of Tolterodine Tartrate 
Pellets F1-F8

Formulation 
Code

Zero-Order 
(r²)

Higuchi’s 
Model (r²)

Diffusion 
Exponent (n)

F1 0.9021 0.9663 0.706
F2 0.9133 0.9666 0.762
F3 0.9226 0.9632 0.860
F4 0.9295 0.9611 0.935
F5 0.9414 0.9621 1.002
F6 0.9533 0.9547 1.090
F7 0.9571 0.9611 1.137
F8 0.9667 0.9521 1.204

Discussion
This study aimed to develop extended-release formulations of 
Tolterodine Tartrate, leveraging controlled-release technologies to 
improve patient adherence and therapeutic outcomes in managing 
overactive bladder. Several formulations, incorporating varying 
concentrations of excipients like Hydroxypropyl Methylcellulose 
(HPMC) K100M and Eudragit RL 100, were developed 
and evaluated for their release characteristics, stability, and 
physicochemical properties.

The extended-release formulations (F1-F8) were successfully 
prepared using the wet granulation method, which ensured uniform 
granules that contributed to consistent drug release profiles. The 
incorporation of HPMC K100M and Eudragit RL 100 as release-
controlling agents significantly influenced the release kinetics. 
The formulations with higher concentrations of HPMC K100M 
(F1-F4) demonstrated slower, sustained release profiles, which 
is characteristic of this polymer due to its high-water retention 
properties. On the other hand, formulations with Eudragit RL 100 
(F5-F8) exhibited comparatively faster release rates, suggesting 
that the polymer’s permeability characteristics contribute to a 
more rapid drug release.

Dissolution testing indicated that all formulations exhibited 
controlled release profiles, with an initial drug release phase 
followed by a slower, steady release. This is particularly important 
for drugs like Tolterodine Tartrate, which require a prolonged 
therapeutic effect to maintain plasma concentrations within 
the desired range. These results highlight the potential of these 
formulations to improve the pharmacokinetic profile of Tolterodine 
Tartrate, offering a once-daily dosing regimen.

The stability studies were pivotal in confirming the long-term 
viability of the developed formulations. Both accelerated and 
long-term storage conditions demonstrated that the drug content 
remained stable, with minimal degradation observed over a 
period of 6 months. Moreover, no significant changes in the 
dissolution profiles were noted during this time. These findings 
are encouraging, as they indicate that the formulations are likely 
to maintain their therapeutic efficacy over time, which is crucial 
for patient compliance and the practical application of extended-
release dosage forms.

The physical attributes of the formulations, such as particle size, 
shape, and texture, remained consistent throughout the study, 
which is vital for ensuring uniform drug release and dosage 
accuracy. These properties suggest that the formulations are 
robust, and the use of the wet granulation method provided the 
desired quality attributes. Furthermore, the uniformity of the 

pellets ensures reproducibility, which is essential for regulatory 
approval and clinical use.

The similarity factor (f2) analysis of the dissolution profiles 
revealed that certain formulations, specifically F1 and F5, most 
closely matched the ideal release profile. These formulations are 
therefore considered promising candidates for further clinical 
development. The statistical analysis also confirmed that the 
variations in drug release rates across formulations could be 
attributed to the different excipient combinations, underscoring the 
importance of optimizing polymer concentrations in developing 
extended-release systems.

Conclusion
The study demonstrated the successful development of extended-
release Tolterodine Tartrate formulations with desirable release 
profiles suitable for once-daily administration. 

Key Conclusions Include
Formulations incorporating HPMC K100M produced slower, 
more sustained drug release profiles compared to those containing 
Eudragit RL 100, suggesting that HPMC K100M may be more 
effective for prolonged drug release.

The formulations were stable under both accelerated and long-term 
storage conditions, showing minimal degradation and maintaining 
consistent dissolution profiles over time.

The developed formulations exhibited consistent drug release 
with minimal deviation, supporting their potential to maintain 
therapeutic drug concentrations over extended periods.

Based on the promising results, further clinical evaluation is 
necessary to assess the pharmacokinetic, pharmacodynamic, 
and safety profiles of these formulations in real-world settings. 
This work lays the foundation for the development of improved 
Tolterodine Tartrate extended-release formulations that could 
provide enhanced therapeutic outcomes and better patient 
compliance.
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