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ABSTRACT

This study developed, optimized, and evaluated floating tablets containing Losartan potassium intended to provide
prolonged gastric retention for hypertensive patients. HPMC K15M was found to effectively extend drug release in a
gastric pH environment. Formulations were evaluated for drug-excipient compatibility, thickness, hardness, tablet
density, floating lag time, total floating time, weight variation, friability, drug content, swelling index, and stability
under accelerated conditions. Preliminary findings identified HPMC K15M (X1) and MCC (X2) as independent
variables in a 32 full factorial design, with friability (%F) and cumulative drug release at 12 hours (Q12) as
dependent variables. Multiple linear regression, ANOVA, and contour plots generated using Design Expert were
employed to analyze factor effects. In vitro release data were fitted to kinetic models, with the optimized batch
exhibiting a Higuchi release profile (r> = 0.993). A checkpoint batch validated the model. Batch F7 was identified as
the optimized formulation, demonstrating friability below 1 (0.80) and 95.94% cumulative drug release at 12 hours.

Accelerated stability testing confirmed the stability of the optimized formulation.
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INTRODUCTION

The most popular, desired, and practical way to
provide medication is orally. Because oral
medications are easy to use, inexpensive, and have
high patient compliance, about 90% of all
medications that have systemic effects are given
orally. Because of its greater versatility in dosage
form formulation than other routes, the oral route has
attracted a lot of interest in the pharmaceutical
industry. A medicine must have good absorption
throughout the gastrointestinal tract (GIT) in order
for an oral drug delivery system to function
effectively [1].

The entire drug delivery system stays in the stomach
area for a prolonged amount of time thanks to gastro-
retentive drug delivery systems (GRDDS). Compared
to traditional dosing forms, this prolongs the stomach
retention period and keeps the drug's minimum
effective concentration in the bloodstream for

extended periods of time. Furthermore, GRDDS
greatly reduces drug waste during the absorption
process by increasing the solubility of medications
that are less soluble at the alkaline pH of the intestine
[2]. Additionally, GRDDS can administer larger drug
concentrations to gastrointestinal conditions such
esophagitis, gastritis, and ulcers. Three crucial factors
are necessary for the creation of oral sustained-
release matrix drug delivery systems: dosage form
parameters, the drug's physicochemical features, and
gastrointestinal physiology. Research and
development activities in both academia and industry
have been greatly accelerated by the need for gastro-
retentive dosage formulations. GRDDS methods
include bioadhesion to gastric mucosa, expansion
through swelling or unfolding to a size that permits
passage through the pyloric sphincter, floating
systems (low-density dosage forms that remain
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buoyant in gastric fluid), and high-density forms that
remain at the bottom of the stomach. Based on their
buoyancy processes, floating systems are further
divided into effervescent and non-effervescent
systems [3-5].

Hypertension is frequently treated with losartan
potassium. In order to create gastro-retentive floating
tablets that would achieve extended release in a
gastric pH environment for 12 hours, this study used
it as a model medication [6].

Thus, this investigation focused on enhancing
floating time and prolonging the release of Losartan
potassium through statistical experimental design.
MATERIALS AND METHODS

Materials

Losartan potassium was received as a generous gift
sample from Mass Pharma Pvt. Ltd., Lahore.
Polyvinylpyrrolidone, Sodium carboxymethyl
cellulose, Microcrystalline cellulose, Camphor,
HPMC K4M, HPMC 15M were purchased from
SigmaAldrich, Germany. All other materials and
chemicals used were of analytical grade.
Formulation of Tablets

The wet granulation process was used to make the
tablets. The appropriate quantities of Losartan
potassium, MCC, HPMC K4M, HPMC K15M, and
NaCMC were correctly weighed and carefully mixed.
A 20# sieve was used to filter the cohesive mass that
resulted from granulating the mixture with a binder
and solvent (PVP K-30 in IPA). The dried granules
were then run through a 20# filter once more after
being dried using a tray dryer. The granules were
then combined with weighed quantities of talc,
magnesium stearate, and camphor. Ultimately, an
eight-station tablet compression machine was used to
compress the granules. To allow the camphor
included during formation to sublime, the produced
tablets were put in a tray dryer [7, 8].

Preliminary Screening of Floating Polymers

A preliminary study was conducted on various
polymers to assess their effects on the release profile
of the floating formulation. The compositions of the
preliminary trial batches FT-1 to FT-6.

Optimization of Variables Using Full Factorial
Design

A 32 full factorial design was employed in this study.
Based on preliminary results, the amounts of HPMC
KI15M (X1) and MCC (X2) were selected as
independent variables, while Q12 and % Friability
were designated as dependent variables. Multiple
linear regression analysis, ANOVA, and graphical
representations of the influence of factors through
contour plots were conducted using the demo version
of Design Expert 7.1.5 [9, 10].

Evaluation Parameters of Floating Tablets

The evaluation parameters for the floating tablets
included thickness, hardness, tablet density, floating
lag time, total floating time, weight variation test, %
friability, drug content, and % swelling index of the
formulations.

Floating Lag Time

The floating lag time refers to the duration required
for the tablet to rise to the surface of the dissolution
medium. This was measured at pH 1.2, with a
temperature of 37+0.5°C, a paddle rotation speed of
50 rpm, and a volume of 900 ml, using a stopwatch
[11].

In-vitro Dissolution Study

The rotating paddle method was used for the
dissolving test, using a 50 rpm stirring rate. A 900 ml
dissolving media containing 0.1 N HCI was kept at
37+£0.5°C. At prearranged intervals for up to 12
hours, 5 ml samples were taken out and replaced with
5 ml of brand-new dissolving medium. A double
beam UV spectrophotometer was used to detect
Losartan potassium at 254 nm after the obtained
samples had been suitably diluted with dissolving
fluid [12].

Kinetic Modeling of Dissolution

The dissolution profile was studied using several
models, including zero-order, first-order, Higuchi,
and Korsmeyer-Peppas, to identify the kinetics of
drug release. In particular, the mechanism of drug
release was described using the Korsmeyer-Peppas
approach [13-15].

TABLE 1: Composition of losartan floating tablets.

Ingredients FT-1 FT-2 FT-3 FT-4 FT-5 FT-6
ILosartan potassium 50 50 50 50 50 50
HPMC K4M 20 40 - - - -
HPMC K15M - - 20 40 - -
INa CMC - - - - 20 40
Camphor 15 15 15 15 15 15
MCC 65 45 65 45 65 45
PVP K30 5 5 5 5 5 5
Magnesium stearate 2.5 2.5 2.5 2.5 2.5 2.5
Talc 2.5 2.5 2.5 2.5 2.5 2.5
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Study of Stability

For three months, the optimized tablets were kept at
45+0.5°C and 75% relative humidity while wrapped
in aluminum foil. Following this time, the tablets' in
vitro release profile and drug content were examined.
The similarity factor f2 was used to compare the
products' dissolving characteristics. Further details
regarding the similarity factor (f2) can be found in
the US FDA draft guidance document. The two
dissolution profiles are similar if the similarity factor
value falls between 50 and 100 [16].

RESULTS AND DISCUSSION

Preliminary Study

The floating tablets exhibited hardness values
ranging from 6.2 to 6.7 kg/cm?, and their density was
between 0.711 and 0.773 g/cm?®. The % friability of
all batches varied from 0.08 to 0.48, while the %
cumulative drug release ranged from 89.21 to 99.17.
Batches FT-1 and FT-2 demonstrated a rapid drug
release within 8 hours, in contrast to batches FT-3 to
FT-6. According to the in-vitro dissolving tests,
batches FT-3 and FT-4 outperformed batches FT-5
and FT-6. According to the preliminary study's
findings, HPMC K15M or MCC by themselves were
not enough to provide the intended release profile. In
order to investigate their effects and optimize their
concentrations for the intended release profile,
additional trials were carried out with a combination
of HPMC K15M and MCC [17]. Hardness, density,
percentage friability, cumulative drug release after 12
hours, and floating time were all assessed for each
batch (Table 2).

Full Factorial Design Batches

A 32 full factorial design was employed in this study,
evaluating two factors at three levels each, resulting
in experimental trials for all nine possible
combinations. HPMC KI15M creates a stronger and
thicker matrix at higher concentrations, leading to a
longer drug release time. Microcrystalline cellulose
(MCC) was used both to bind the tablets and to
achieve the desired drug release profile. An
optimized combination of HPMC K15M and MCC
may result in a tablet that exhibits a slow drug release
at a gastric pH of 1.2 over 12 hours. Therefore, the

amounts of HPMC K15M and MCC were considered
independent variables in the 32 full factorial design.
HPMC K15M was tested at 20 mg and 40 mg, while
MCC was tested at 45 and 65 mg, corresponding to
levels of -1, 0, and +1, respectively.

32 Full Factorial Design Model Evaluation

The responses were assessed using a statistical model
that included interactive and polynomial factors. The
computed F values for % Friability and % CDR were
57.35 and 61.72, respectively, according to the
ANOVA results. By taking into account the
magnitude of the coefficients and their mathematical
signs, the polynomial equation can be utilized to
make inferences that all of the chosen factors had a
major impact. Strong correlations between the
dependent and independent variables were shown by
the R2 values for % Friability and % cumulative
percentage drug release (% CDR), which were 0.988
and 0.989, respectively. Terms with P > 0.05 were
eliminated to create reduced models for the response
variables. In the simplified model, terms with P <
0.05 were kept since they were considered
statistically significant.

Full and Reduced Model for % Friability
Statistical analysis indicated that an increase in the %
Friability of the tablets corresponded with higher
concentrations of MCC. MCC was incorporated into
the formulation to assist the polymer in retarding
drug release. When compared to HPMC K15M, the
contour plot graph and regression coefficient values
demonstrated that the concentration of MCC had very
little impact on the percentage of cumulative drug
release at 12 hours [18-20].

As HPMC KI15M concentrations increased, the
percentage cumulative drug release at 12 hours
showed a comparable drop in drug release from the
tablets. The greater concentration of HPMC K15M,
which created a stronger matrix and delayed the
drug's release, was blamed for this decline. In
comparison to HPMC KI5M, the regression
coefficient values showed that MCC had a minor
impact on the percentage of cumulative drug release
at 12 hours, with less relevance on the percentage of
CDR at this time.

TABLE 2: Evaluation of losartan potassium of floating tablets.

Ingredients[HardnessDensity|% Friability/% CDR at 12 hrsDuration of floating
FT-1 6.2 0.722 |0.08 95.37 Less than 12 hrs
FT-2 6.5 0.728 |0.38 90.98 Less than 12 hrs
FT-3 6.5 0.738 10.26 89.67 Less than 12 hrs
FT-4 6.6 0.759 10.47 89.21 Less than 12 hrs
FT-5 6.4 0.711 10.48 99.17 Less than 12 hrs
FT-6 6.7 0.773 10.39 94.32 Less than 12 hrs
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TABLE 3: Evaluation of stability study.

Parameters 1 month 2" month 3" month|
Thickness (mm) 2.8 2.8 2.8
Hardness (kg/cm?) 6.2 6.3 6.2
Density (g/cm®) 0.81 0.82 0.82
% Friability 0.54 0.49 0.55
Drug Content 98.6 97.4 97.9
Kinetic Modeling of Dissolution Data for Factorial CONCLUSION

Batches

The dissolution profile of the selected factorial batch
was analyzed using various kinetic models, including
zero-order, first-order, Higuchi, Korsmeyer, and
Peppas, to determine the drug release kinetics. The
drug release process was described using the
Korsmeyer-Peppas model. The drug release
mechanism from the formulation is indicated by the
diffusion exponent (n). Fickian diffusion is indicated
by n < 0.5, non-Fickian transport is suggested by 0.5
<n < 1.0, Case II transport is indicated by n = 1, and
super Case II transport is shown by n > 1.0. The
medication was released through a non-Fickian
transport mechanism, as all of the chosen batches had
n values between 0.5 and 1.0. A correlation
coefficient of 0.989, which indicates one-dimensional
diffusion and insignificant edge effects under ideal
sink conditions, shows that drug release may follow
the Higuchi model, according to data analysis for
factorial batch [21-23].

Short-Term Stress Stability Study

Batch underwent stability testing. The in-vitro release
profiles at baseline and after three months were
compared using the f2 value, which was calculated to
be 67.52. The minimal difference in the 2 value
indicates that the formulation remains stable [24].

REFERENCES

1. Ashwini A Zanke, Hemant H Gangurde, Ananta B
Ghonge and Praful S. Chavan: Recent Advance in
Gastroretantive Drug Delivery System (GRDDS).
Asian Journal of Pharmaceutical Research 2022;
12(2): 143-9. doi: 10.52711/2231-5691.2022.00022

2. Reddy DRB, Tejaswi D, Vamsi S and Ch. Naga Sai
Manikanta: A Review on formulation and evaluation
of floating tablet as gastro retentive drug delivery
system. Int J of Pharm Sci 2024; 2(12): 1995-2002.
doi: https://doi.org/10.5281/zenodo.14464807 .

3. Srivastava AK, Wadhwa S, Ridhurkar D and Mishra
B: Oral sustained delivery of atenolol from floating
matrix tablets-formulation and in-vitro evaluation.
Drug Dev Ind Pharm 2005; 31(4-5): 367-74. doi:
10.1081/ddc-54313.

4. Arora S, Ali J, Ahuja A, Khar RK and Baboota S:
Floating drug delivery systems: a review. AAPS
Pharm Sci  Tech 2005; 6(3): 372-90. doi:
10.1208/pt060347.

5. Gloria Mora-Castafio, Juan Dominguez-Robles,

The formulation containing Losartan potassium,
HPMC KI15M, and MCC for preparing floating
tablets through the sublimation method offers a
convenient option for oral administration and may
enhance patient compliance by reducing the
frequency of doses. Using HPMC KI5M as the
polymer, MCC as the binder, and camphor as a pore-
forming agent during the sublimation process,
floating tablets of losartan potassium were effectively
created. The invention of a floating tablet that permits
the gradual release of Losartan potassium in a gastric
fluid environment was demonstrated in the study. A
checkpoint batch was created to validate the
statistical analysis of the factorial design data. The
improved batch's release profile was consistent with
the Higuchi model. Furthermore, the stability
evaluation revealed that improved batch F7 was
stable.

Author(s) Contribution: Conceptualization and
editing, R.R. Sehrish; data collection, M. Rabia.
Funding: Nill

Ethical Approval: NA

Conflict of Interest: There is no conflict of interest.
Consent for Publication: All authors approved the
manuscript for publication and agreed to be
responsible for all aspects of this article.

Achmad Himawan and Monica Milldn-Jiménez:
Current trends in 3D printed gastroretentive floating
drug delivery systems: A comprehensive review.
International Journal of Pharmaceutics 2024; 663:
124543. https://doi.org/10.1016/j.ijpharm.2024.124543

6. Bhuyar SR, Auti MM, Bhise SA, Radal PS, Gore PS,
Sapkal SB, et al. Innovations and advancements in
floating tablet drug delivery systems: a comprehensive
review. Pharmacy & Pharmacology International
Journal. 2024;12(5):195-200.

7. Turac IR, Porfire A, Iurian S, Crisan AG, Casian T,
Iovanov R, et al. Expanding the Manufacturing
Approaches for Gastroretentive Drug Delivery
Systems with 3D Printing Technology. Pharmaceutics.
2024 11;16(6):790

8. Razavi FS, Kouchak M, Feizoleslam F, Veysi M. An
Overview on Floating Drug Delivery Systems
(FDDS); Conventional and New Approaches for

77


https://doi.org/10.5281/zenodo.14464807
https://doi.org/10.1016/j.ijpharm.2024.124543

10.

11.

12.

13.

14.

15.

16.

Preparation and In Vitro-In Vivo Evaluation. J] Pharm
Sci 2021;46.

Satyajit S, Bhatt JJ, Oza NA, Sahu AR, Patel LD.
Formulation development and optimization of mouth
dissolving film containing escitalopram oxalate using
32 full factorial design. Inventi Rapid: Pharm Tech.
2015;4:1-7. doi:10.22159/ijap.2021v13i1.39446
Alshammari ND, Almotairy A, Almutairi M, Zhang P,
Al Shawakri E, Vemula SK, et al. Colon-targeted 3D-
Printed mesalamine tablets: core-shell design and in
vitro/ex-vivo evaluation. J Drug Deliv Sci Technol.
2024;1(95):105580.

Huh HW, Na YG, Kang H, Kim M, Han M, Pham
TM, Lee H, Baek JS, Lee HK, Cho CW. Novel self-
floating tablet for enhanced oral bioavailability of
metformin based on cellulose. International Journal of
Pharmaceutics. 2021 Jan 5;592:120113. doi:
https://doi.org/10.1016/j.ijpharm.2020.120113
Naseem F, Shah SU, Rashid SA, Farid A, Almehmadi
M, Alghamdi S. Metronidazole based floating
bioadhesive drug delivery system for potential
eradication of H. pylori: preparation and in vitro
characterization. Polymers (Basel). 2022;14(3):519.
doi: https://doi.org/10.3390/polym14030519

Fatima AS, Muhammad NA, Muhammad Ajmal S,
Liaqat A, Khaleeq A and Zeeshan J. Formulation
design, characterization and in vitro drug release study
of orodispersible film comprising BCS class II drugs.
Pakistan Journal of Pharmaceutical Sciences, 33, (1),
343-53, 2020.
https://pubmed.ncbi.nlm.nih.gov/32122867/

Liagat A, Mahmood A, Muhammad NA, Muhammad
Usman M, Hassan HS and Muhammad Ajmal S.
Cross-linked pH-sensitive pectin and acrylic acid
based hydrogels for controlled delivery of metformin.
Pakistan Journal of Pharmaceutical Sciences, 33 (4),
1483-91, 2020.
https://doi.org/10.36721/PJPS.2020.33.4.REG.1483-
1491.1

Anam A, Naeem MA, Muhammad Ajmal S, Shahzada
KS and Rabia M. Development, characterization and
evaluation of in vitro anti-inflammatory activity of
Withania coagulans extract and extract loaded
microemulsion. Pakistan Journal of Pharmaceutical
Sciences 34(1), 473-47, 2021.
https://pubmed.ncbi.nlm.nih.gov/34275796/

Khizar A, Ghazala HR, Muhammad Imran Q,
Muhammad Y, Muhammad Naeem Q, Faheem AS,
Naeem MA, Asif W, Talal S. Herbal Formulation
Comprised of Methanol Extracts of Tribulus terristris
L. and Zingiber officinale Roscoe  Has

17.

18.

19.

20.

21.

22.

23.

24.

Antihypertensive Effects. Alternative Therapy, 18,
2021. https://pubmed.ncbi.nlm.nih.gov/34144527/
Fatima AS, Aamir MN, Muhammad Tahir H, Syed
Nasir AB, Muhammad Farid H, Naveed A. Design,
physico-chemical assessment and pharmacokinetics of
a non-toxic orodispersible film for potential
application in musculo-skeletal disorder. Journal of
Drug Delivery Science and Technology. 1-11, 65,
2021. https://doi.org/10.1016/j.jddst.2021.102726
Noor ul Amin M, Irfan M, Aamir MN. In Silico
Approaches for Novel Drug Discovery Against
Coronavirus by Employing the Hybrid Molecular
Technique: A Review. Journal of Computational
Biophysics and Chemistry. 20 (7), 667-674, 2021.
https://doi.org/10.1142/S2737416521300017

Rubab A, Muhammad NA, Nayab K, Bilal M.
Gastroretentive  floating  microspheres for the
management hypertension based on drug combination
of amlodipine /losartan. Journal of Contemporary
Pharmacy, 5, 2, 40-52, 2021.
https://doi.org/10.56770/jcp2021521
Kanza A, Muhammad NA, Muhammad Akram C,
Ume  Habiba, Saif UR. Preparation and
characterization of magnetic nanoparticles loaded with
antimicrobial agent. Journal of Contemporary
Pharmacy, 5, 2, 53-61, 2021.
https://doi.org/10.56770/jcp2021522
Anam A, Aamir MN, Fatima AS, Naveed A, Nasser
FA and Syed Nasir AB. Preparation, Characterization
of Pregabalin and Withania coagulans Extract-Loaded
Topical Gel, and Their Comparative Effect on Burn
Injury. Gels 8, 402, 2022.
https://doi.org/10.3390/gels8070402

Anam A, Muhammad NA, Fatima AS, Naveed A,
Mervat AE and Syed Nasir AB. Co-Combination of
Pregabalin and Withania coagulans-Extract-Loaded
Topical Gel Alleviates Allodynia and Hyperalgesia in
the Chronic Sciatic Nerve Constriction Injury for
Neuropathic Pain in Animal Model. Molecules 27,
4433, 2022.
https://doi.org/10.3390/molecules27144433

Humaira S, Naeem MA, Asadullah M, Masood R,
Afifa S, Jafir HS, Sidra H, Sumaira. Polymeric
Nanogel for Oral Delivery of the hemotherapeutic
Agent: Fabrication and Evaluation Alongside
Toxicological ~ Studies and  Histopathological
Examination. AAPS PharmSciTech 24:43, 2023.
https://doi.org/10.1208/s12249-023-02499-7

Bolton S: Optimization techniques in Pharmaceutical
Statistics. Practical and Clinical Applications. Sthed.
New York: Marcel Dekker 2010.

78


https://doi.org/10.1016/j.ijpharm.2020.120113
https://doi.org/10.3390/polym14030519

