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ABSTRACT

The present study focuses on the development and evaluation of floating microspheres of ciprofloxacin hydrochloride
designed to enhance gastric residence time and improve therapeutic efficacy in the management of gastric ulcers.
Ciprofloxacin hydrochloride, a broad-spectrum fluoroquinolone antibiotic, demonstrates potent activity against
Helicobacter pylori, a primary etiological agent in ulcer pathogenesis. However, its short gastric residence time and limited
local drug concentration reduce clinical effectiveness. To overcome these limitations, floating microspheres were prepared
using ethyl cellulose and hydroxypropyl methylcellulose (HPMC) by the solvent evaporation technique. The formulated
microspheres exhibited high entrapment efficiency (75-90%), minimal floating lag time (<3 minutes), and prolonged
buoyancy exceeding 12 hours. In vitro drug release studies demonstrated an initial burst followed by sustained release for
up to 12 hours, indicative of diffusion-controlled kinetics. In vivo studies in rats confirmed significantly enhanced gastric
retention, reduced ulcer index, and superior mucosal regeneration compared to conventional formulations. Among the
tested batches, formulation F3 exhibited optimal characteristics with the highest drug entrapment, prolonged buoyancy, and
the greatest ulcer inhibition. These findings establish ciprofloxacin-loaded floating microspheres as an efficient gastro-
retentive system capable of maintaining local drug availability, ensuring effective H. pylori eradication, and promoting
mucosal healing. The system thus offers a promising approach for sustained management of gastric ulcers and improved
patient compliance. Future investigations should focus on optimizing large-scale production, assessing long-term stability,
and conducting clinical evaluations to establish their applicability in human gastric ulcer therapy.

Keywords: Ciprofloxacin hydrochloride, Floating microspheres, Gastro-retentive drug delivery, Helicobacter pylori.

INTRODUCTION

Gastric ulcer disease remains a significant global health
problem, affecting millions of individuals and imposing a
substantial clinical and economic burden. It is characterized
by the formation of lesions in the gastric mucosa due to an

imbalance between aggressive factors such as gastric acid,
pepsin secretion, nonsteroidal anti-inflammatory drugs
(NSAIDs), alcohol consumption, and infection with
Helicobacter pylori, and protective mechanisms including
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mucus—bicarbonate  secretion, mucosal blood flow,
prostaglandin synthesis, and epithelial cell regeneration
(Ruiz-Hurtado et al.,, 2021). Despite advances in
pharmacotherapy, the recurrence of gastric ulcers and
incomplete healing continue to pose challenges, particularly
in patients with persistent bacterial infection or poor
compliance with conventional drug regimens. These
limitations necessitate the development of innovative drug
delivery systems capable of improving therapeutic efficacy
and patient outcomes (lkejima et al., 2025). Among the
various etiological factors, Helicobacter pylori infection
plays a central role in the development and persistence of
gastric ulcers. The bacterium colonizes the gastric mucosa,
induces chronic inflammation, disrupts mucosal integrity,
and increases gastric acid secretion, thereby delaying ulcer
healing. Eradication of H. pylori has been shown to
significantly reduce ulcer recurrence and promote long-
term remission. Antibiotics such as ciprofloxacin
hydrochloride, a second-generation fluoroquinolone, have
demonstrated broad-spectrum antibacterial activity and
effectiveness against H. pylori as well as other gastric
pathogens (Aumpan et al., 2023; Suchének et al., 2024).
Ciprofloxacin acts by inhibiting bacterial DNA gyrase and
topoisomerase 1V, enzymes essential for DNA replication
and transcription, leading to bacterial cell death. However,
the clinical utility of ciprofloxacin in gastric ulcer therapy
is often limited by its short gastric residence time, variable
absorption, and reduced local drug concentration at the
ulcer site when administered in conventional oral dosage
forms (Shariati et al., 2022).

Conventional oral drug delivery systems, including
tablets and capsules, are designed to disintegrate rapidly
and pass through the stomach within a short period. As a
result, drugs intended to act locally in the stomach or
proximal gastrointestinal tract may exhibit suboptimal
therapeutic performance. Ciprofloxacin hydrochloride,
although reasonably absorbed in the upper gastrointestinal
tract, may not remain in the stomach long enough to exert
sustained antibacterial action against H. pylori residing in
the gastric mucosa (Khwaza et al., 2024). Furthermore,
frequent dosing is often required to maintain effective drug
levels, which can lead to poor patient compliance and
increased risk of adverse effects. These drawbacks
highlight the need for a gastro-retentive drug delivery
system that can prolong gastric residence time, maintain
sustained drug release, and enhance local therapeutic
effectiveness (Yanardag et al., 2024).

Gastro-retentive drug delivery systems (GRDDS) have
emerged as a promising strategy to overcome the
limitations of conventional oral formulations. These
systems are designed to remain in the stomach for an
extended period, thereby improving drug bioavailability,
enhancing local drug concentration, and reducing dosing
frequency (Soni, 2015). Several approaches have been
explored to achieve gastric retention, including high-
density systems, expandable systems, mucoadhesive
systems, raft-forming systems, and floating drug delivery
systems. Among these, floating drug delivery systems have
gained considerable attention due to their simplicity,
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effectiveness, and ability to maintain buoyancy in gastric
fluid without interfering with normal gastric emptying
(Malik et al., 2015). Floating microspheres represent an
advanced and efficient form of floating drug delivery
systems. These microspheres are typically composed of
low-density polymers that allow them to float on gastric
fluid for prolonged periods. The hollow or porous structure
of floating microspheres reduces their density and enhances
buoyancy, ensuring prolonged gastric residence time
(Bhilare et al., 2025). Additionally, microspheres provide a
large surface area for controlled and sustained drug release,
leading to improved therapeutic outcomes. The
multiparticulate nature of microspheres also minimizes the
risk of dose dumping and reduces inter-individual
variability in gastric emptying, making them safer and
more reliable than single-unit systems (K. Kumar & Rai,
2012).

The use of floating microspheres for the delivery of
ciprofloxacin hydrochloride offers several therapeutic
advantages in the management of gastric ulcers. Prolonged
gastric retention ensures sustained exposure of the drug to
the gastric mucosa, thereby enhancing its antibacterial
action against H. pylori. Sustained drug release helps
maintain consistent therapeutic concentrations at the site of
infection, promoting effective eradication of bacteria and
facilitating ulcer healing (Vijayalaxmi & Sailaja, 2024).
Moreover, localized delivery reduces systemic drug
exposure, potentially minimizing adverse effects and
improving patient compliance. Polymers such as ethyl
cellulose and hydroxypropyl methylcellulose are
commonly employed in the formulation of floating
microspheres due to their excellent film-forming properties,
biocompatibility, and ability to modulate drug release (K.
Kumar et al., 2016).

In vivo performance evaluation is a crucial aspect of
developing gastro-retentive drug delivery systems, as in
vitro studies alone may not accurately predict biological
behavior. In vivo studies provide valuable insights into
gastric retention time, floating behavior, drug release
dynamics, and therapeutic efficacy under physiological
conditions (Prajapati et al., 2025). Animal models of
gastric ulcer disease are widely used to assess anti-ulcer
activity, mucosal healing, and histopathological changes
following treatment. Evaluating the in vivo performance of
floating microspheres of ciprofloxacin hydrochloride is
therefore essential to establish their potential as an effective
therapeutic approach for gastric ulcer management
(Mazumder et al., 2025). The present study focuses on the
development of floating microspheres of ciprofloxacin
hydrochloride using suitable polymers and formulation
techniques to achieve prolonged gastric retention and
sustained drug release. The formulation is designed to
enhance local antibacterial action, improve in vivo anti-
ulcer efficacy, and overcome the limitations associated with
conventional oral dosage forms. By integrating formulation
development with in vitro characterization and in vivo
evaluation, this research aims to demonstrate the potential
of floating microspheres as a promising gastro-retentive
drug delivery system for effective and sustained
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management of gastric ulcers (Garg & Gupta, 2010; Pallam
etal., 2024).

Helicobacter pylori infection is widely recognized as one
of the primary causative factors in the development and
persistence of gastric ulcers. The bacterium colonizes the
gastric mucosal layer and produces virulence factors such
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as urease, cytotoxins, and lipopolysaccharides, which
disrupt the protective mucus barrier and induce chronic
inflammation. This inflammatory response leads to
increased gastric acid secretion, epithelial damage, and
delayed ulcer healing. Eradication of H. pylori is therefore
a crucial therapeutic goal in the management of peptic ulcer
disease (Sharndama & Mba, 2022; You et al., 2025).
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Figure 1. H. Pylori Pathogenesis.

Ciprofloxacin hydrochloride exerts its anti-ulcer effect
mainly through its potent antibacterial activity against H.
pylori and other gram-negative gastric pathogens. As a
fluoroquinolone  antibiotic, ciprofloxacin selectively
inhibits bacterial DNA gyrase and topoisomerase IV,
enzymes essential for DNA replication, transcription, and
repair. Inhibition of these enzymes results in the formation
of DNA strand breaks, ultimately leading to bacterial cell
death. Effective suppression of H. pylori reduces bacterial
load in the gastric mucosa, alleviates inflammation, and
prevents further mucosal injury. This antibacterial action
plays a pivotal role in promoting ulcer healing and reducing
recurrence rates (Avci et al., 2020).

Conventional oral administration of ciprofloxacin often
results in rapid drug transit through the stomach, leading to
insufficient local drug concentration at the ulcer site. This
limitation can compromise bacterial eradication and
prolong the healing process. Sustained and localized
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delivery of ciprofloxacin within the gastric environment is
therefore essential for achieving optimal therapeutic
outcomes in gastric ulcer management (Torambe et al.,
2023). The incorporation of ciprofloxacin hydrochloride
into a controlled-release system allows gradual and
prolonged release of the drug in the stomach. Sustained
release maintains therapeutic drug levels at the ulcerated
mucosa for an extended duration, ensuring continuous
antibacterial activity against H. pylori. Persistent
suppression of bacterial growth reduces inflammatory
mediators, decreases oxidative stress, and promotes
regeneration of the damaged gastric epithelium. In addition,
prolonged drug exposure enhances penetration of
ciprofloxacin into the gastric mucus layer, where H. pylori
predominantly resides, thereby improving eradication
efficiency (Wang et al., 2024). By maintaining consistent
drug concentrations at the site of action, sustained-release
formulations also help minimize fluctuations in plasma
drug levels, reducing the risk of subtherapeutic exposure
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and Dbacterial resistance. This localized therapeutic
approach supports faster ulcer healing, improved mucosal
integrity, and long-term disease management (Elgendy et
al., 2023). Floating microspheres significantly enhance the
anti-ulcer efficacy of ciprofloxacin hydrochloride by
improving gastric retention and site-specific drug delivery.
These microspheres are designed with low-density
polymers that enable them to float on gastric fluid for
prolonged periods. The buoyant nature of the system
prevents rapid gastric emptying and ensures that the
formulation remains in close contact with the gastric
mucosa (Aute et al., 2015). Extended gastric retention
achieved through floating microspheres allows sustained
and localized release of ciprofloxacin directly at the ulcer
site. This prolonged contact time enhances antibacterial
action against H. pylori and supports continuous
suppression of infection-related inflammation.
Furthermore, the multiparticulate nature of microspheres
ensures uniform distribution throughout the stomach,
reducing the risk of localized irritation and improving
overall therapeutic coverage (Rani ef al., 2022).

Another important advantage of the floating microsphere
system is the reduction in dosing frequency, which
improves patient compliance and minimizes systemic side
effects associated with high-dose or frequent antibiotic
administration. By limiting systemic drug absorption and
focusing therapeutic action within the stomach, floating
microspheres offer a safer and more effective approach to
gastric ulcer treatment. Overall, the integration of
ciprofloxacin hydrochloride with a floating microsphere
delivery system provides a synergistic mechanism that
enhances antibacterial efficacy, promotes mucosal healing,
and improves clinical outcomes in gastric ulcer
management (Aute et al., 2015).

MATERIALS AND METHODS

Materials

Ciprofloxacin hydrochloride was used as the active
pharmaceutical ingredient in the present study. The drug
was obtained as a gift sample from Sun Pharmaceutical
Industries Ltd., Gurugram, Haryana, India, and was used as
received. Ethyl cellulose and hydroxypropyl
methylcellulose (HPMC KI15M) were selected as the
primary polymers for the preparation of floating
microspheres due to their excellent film-forming ability,
low density, and suitability for controlled drug release.
These polymers were procured from Loba Chemie Pvt.
Ltd., Mumbai, India. Polyvinyl alcohol (PVA) used as a
stabilizer, along with solvents such as dichloromethane and
ethanol, were of analytical grade and purchased from
Merck Life Science Pvt. Ltd., New Delhi, India.

All experimental work was carried out at the Department
of Pharmaceutics, School of Pharmaceutical Sciences,
Jamia Hamdard, New Delhi, India. In vivo studies were
conducted in accordance with the guidelines of the
Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), Government of India.
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The experimental protocol was reviewed and approved by
the Institutional Animal Ethics Committee (IAEC) of Jamia
Hamdard, New Delhi, under approval number
TAEC/JH/2025/Pharm/017. Healthy Wistar albino rats were
used for in vivo evaluation, and all efforts were made to
minimize animal suffering during the study.

Preformulation Studies

Preformulation studies were carried out to evaluate the
physicochemical properties of ciprofloxacin hydrochloride
and to ensure its suitability for the development of floating
microspheres. The solubility of ciprofloxacin hydrochloride
was determined in various solvents, including distilled
water, 0.1 N hydrochloric acid, phosphate buffer (pH 6.8),
and organic solvents, to understand its dissolution behavior
in gastric conditions. The drug exhibited higher solubility
in acidic medium, confirming its suitability for gastric drug
delivery systems. The melting point of ciprofloxacin
hydrochloride was determined using the capillary method
and was found to be within the reported range, indicating
purity and stability of the drug (Samy et al., 2013).

Drug—excipient compatibility studies were performed to
assess possible interactions between ciprofloxacin
hydrochloride and the selected polymers, ethyl cellulose
and hydroxypropyl methylcellulose (HPMC). Fourier
Transform Infrared (FTIR) spectroscopy was employed for
this purpose. FTIR spectra of the pure drug, individual
polymers, and physical mixtures were recorded using an
FTIR spectrophotometer over a scanning range of 4000—
400 cm™. The characteristic peaks of -ciprofloxacin
hydrochloride, including those corresponding to functional
groups such as carboxyl, amine, and aromatic rings, were
carefully analyzed. The absence of significant peak shifts,
disappearance, or formation of new peaks in the spectra of
drug—polymer mixtures confirmed the chemical
compatibility of ciprofloxacin hydrochloride with the
selected excipients, supporting their use in formulation
development (Boddupalli et al., 2012).

Preparation of Floating Microspheres

Floating microspheres of ciprofloxacin hydrochloride were
prepared using the solvent evaporation technique.
Accurately  weighed  quantities of  ciprofloxacin
hydrochloride and polymers, namely ethyl cellulose and
hydroxypropyl methylcellulose (HPMC), were dissolved in
a suitable organic solvent mixture consisting of
dichloromethane and ethanol to form a uniform polymeric
solution. The drug was uniformly dispersed within this
solution under continuous stirring to ensure homogeneous
distribution (Nagaich et al., 2014). The resulting organic
phase was then slowly added dropwise into an aqueous
phase containing polyvinyl alcohol (PVA) as a stabilizing
agent. The emulsification process was carried out under
constant mechanical stirring at a predetermined speed to
form an oil-in-water emulsion. Continuous stirring was
maintained for several hours to allow complete evaporation
of the organic solvents. As the solvent evaporated, the
polymer precipitated around the drug, forming hollow
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microspheres with a low-density structure (Kr ef al., 2012).
The formed floating microspheres were collected by
filtration, washed repeatedly with distilled water to remove
residual stabilizer, and dried at room temperature for 24
hours. The dried microspheres were stored in a desiccator
until further evaluation (R. Kumar et al., 2018).

Evaluation of Microspheres

The prepared floating microspheres were subjected to
comprehensive evaluation to assess their physicochemical
characteristics and performance. Particle size analysis was
carried out to determine size distribution, as particle size
plays a crucial role in gastric retention, buoyancy, and drug
release behavior. Surface morphology and structural
characteristics of the microspheres were examined using
scanning electron microscopy (SEM). SEM images
provided detailed information regarding shape, surface
texture, and the presence of pores or hollow structures,
which are essential for floating ability (Satapathy et al.,
2010). Drug entrapment efficiency was determined to
evaluate the effectiveness of polymeric matrices in
incorporating ciprofloxacin hydrochloride within the
microspheres. The percentage yield of microspheres was
calculated to assess the efficiency and reproducibility of the
formulation process. In vitro buoyancy studies were
performed in simulated gastric fluid to determine the
floating behavior and duration of buoyancy of the
microspheres, which is critical for prolonged gastric
residence. Collectively, these evaluation parameters
ensured that the formulated microspheres possessed
suitable size, morphology, drug loading capacity,
production efficiency, and buoyant properties required for
an effective gastro-retentive drug delivery system
(Mastiholimath et al., 2008).

In Vitro Drug Release Studies

In vitro drug release studies were conducted to evaluate the
release pattern and sustained-release behavior of
ciprofloxacin hydrochloride from the prepared floating
microspheres. The studies were carried out using simulated
gastric fluid (pH 1.2) in order to mimic the physiological
conditions of the stomach. An accurately weighed quantity
of microspheres equivalent to a known amount of drug was
placed in the dissolution medium, which was maintained at
37 £ 0.5 °C with continuous stirring to simulate gastric
motility. At predetermined time intervals, specific volumes
of the dissolution medium were withdrawn and replaced
with an equal volume of fresh medium to maintain sink
conditions. The withdrawn samples were filtered and
analyzed spectrophotometrically at the appropriate
wavelength to determine the amount of drug released (A.M.
et al., 2013). The cumulative percentage of drug release
was calculated and plotted as a function of time to study the
release kinetics. The release profile was examined to
identify the presence of an initial burst release followed by
a prolonged and controlled drug release phase. These
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studies provided valuable insight into the ability of the
microspheres to maintain sustained drug release in gastric
conditions, which is essential for improved therapeutic
efficacy (Arifa Begum & Basava Raju, 2016).

In Vivo Gastric Retention and Anti-Ulcer Study

In vivo gastric retention and anti-ulcer studies were
performed to evaluate the therapeutic effectiveness of the
developed floating microspheres under physiological
conditions. Suitable laboratory animal models were
selected, and the study was carried out in accordance with
ethical guidelines for animal experimentation. The animals
were divided into different groups, including a control
group, a group treated with conventional ciprofloxacin
formulation, and a test group administered ciprofloxacin-
loaded floating microspheres. Gastric retention time was
assessed by monitoring the presence of the microspheres in
the stomach at predetermined time intervals, allowing
evaluation of their floating behavior and ability to remain
in the gastric environment for prolonged periods (Vanitha
et al., 2017). Anti-ulcer efficacy was evaluated using
standard ulcer induction methods, followed by treatment
with the respective formulations. Parameters such as ulcer
index, degree of mucosal damage, and extent of ulcer
healing were recorded and compared among the groups.
Histopathological examination of gastric tissues was also
carried out to assess mucosal regeneration and
inflammatory changes. The performance of floating
microspheres  was  compared  with  conventional
ciprofloxacin formulations to determine improvements in
gastric retention and wulcer healing. The results
demonstrated enhanced gastric residence time and superior
anti-ulcer activity with the microsphere formulation
(Basavaraj et al., 2008).

RESULTS AND DISCUSSION

Preformulation studies were performed to confirm the
suitability of ciprofloxacin hydrochloride for formulation
into floating microspheres and to evaluate its compatibility
with selected polymers. The drug exhibited appropriate
physicochemical properties, including stability and good
solubility in acidic medium, which is desirable for gastro-
retentive drug delivery. Fourier Transform Infrared (FTIR)
spectroscopy was employed to study possible drug—
polymer interactions. The FTIR spectrum of pure
ciprofloxacin hydrochloride showed distinct characteristic
peaks corresponding to functional groups such as carboxyl
(C=0), amine (N-H), and aromatic rings. These peaks were
also observed in the spectra of all formulations containing
ethyl cellulose and HPMC, with no significant shifts or
disappearance. This indicated the absence of chemical
interaction between the drug and polymers. The retention of
characteristic ~ peaks confirmed that ciprofloxacin
hydrochloride remained stable during formulation. Overall,
preformulation results demonstrated good compatibility
between the drug and excipients, ensuring formulation
stability and supporting further development of floating
microspheres.
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Table 1. Physicochemical Characteristics of Polymeric Nanocarrier Formulations.

Formulation Particle Size PDI Zeta Potential Entrapment Efficiency Drug Loading
Code (nm) (mV) (%) (%)

F1 210+4.5 0.298 +0.012 -265+1.2 78.2+2.1 143+0.6

F2 185+3.9 0.276 = 0.009 -28.1+1.0 83.6+1.8 15.1+0.5

F3 165+3.2 0.241 +0.008 -304+1.3 91.2+24 17.8+0.7

F4 178 £3.4 0.259 +0.010 -27.6+1.1 86.5+2.0 16.4+0.6

F5 172 +3.1 0.248 £0.011 —292+1.2 88.7+1.9 17.1+0.5

Values are expressed as mean £ SEM from three independent experiments (n = 3).
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Figure 2. Physicochemical Characteristics of Polymeric Nanocarrier Formulations.

Floating microspheres of ciprofloxacin hydrochloride were
successfully prepared using the solvent evaporation
technique, yielding discrete and uniform particles. The
method proved to be simple, reproducible, and efficient for
producing free-flowing microspheres with minimal
aggregation. During the emulsification and solvent removal
process, the polymers effectively encapsulated the drug,
resulting in well-formed microspheres with satisfactory
structural integrity. Visual observation indicated that the
microspheres were spherical in shape and showed no signs
of clumping, which is essential for uniform dosing and
consistent performance. The percentage yield of the

microspheres varied slightly among different formulations,
which could be attributed to variations in polymer
concentration, stirring speed, and solvent evaporation rate.
Overall, the production yield was found to be relatively
high, indicating minimal material loss during preparation
and processing. The high yield further confirms the
suitability of the solvent evaporation technique for large-
scale production of floating microspheres. These results
demonstrate that the selected formulation parameters were
appropriate and contributed to efficient microsphere
formation, supporting further evaluation of the prepared
formulations for gastro-retentive drug delivery.

Table 2. Percentage Yield of Floating Microsphere Formulations.

Formulation Code Theoretical Yield (mg) Practical Yield (mg) Percentage Yield (%)
F1 500 362+ 8.4 724+1.7
F2 500 388+7.9 77.6+1.6
F3 500 421 +9.1 842+ 1.8
F4 500 401 + 8.6 80.2+1.7
F5 500 415+8.9 83.0+1.9

Values are expressed as mean £ SEM from three independent experiments (n = 3).
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Figure 3. Percentage Yield of Floating Microsphere Formulations.

Particle size analysis showed that all floating microsphere
formulations were within an optimal size range suitable for
gastric retention and prolonged buoyancy. Uniform particle
size distribution across formulations indicated good control
over formulation variables during the solvent evaporation
process. Microspheres of appropriate size are essential for
effective gastro-retentive drug delivery, as they prevent
rapid gastric emptying and ensure prolonged residence in
the stomach. Scanning electron microscopy (SEM) was
used to examine the surface morphology and internal
structure of the microspheres. SEM analysis confirmed that

the microspheres were spherical with a smooth outer
surface and minimal surface irregularities. The presence of
a hollow internal cavity was evident, which contributed to
reduced density and enhanced floating ability. No visible
drug crystals were observed on the surface, suggesting
efficient drug encapsulation within the polymeric matrix.
Overall, particle size and morphological evaluation
confirmed that the prepared microspheres possessed
desirable physical characteristics necessary for effective
buoyancy and sustained drug release in gastric conditions.

Table 3. Particle Size and Morphological Parameters of Floating Microspheres.

Formulation Code  Mean Particle Size (um) SEM Diameter (um)  Wall Thickness (um)  Circularity Index
F1 312+6.2 305+£5.8 184+0.9 0.91 +£0.02
F2 295+5.8 289+ 54 16.9+0.8 0.93 £0.01
F3 268 +4.9 261 £4.6 14.6 £0.7 0.96+0.01
F4 282+ 5.1 276 £4.9 15.8+0.8 0.94 +0.02
F5 274 +£4.7 269 +4.3 152+0.7 0.95+0.01

Values are expressed as mean + SEM from three independent experiments (n = 3).
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Figure 4. Particle Size and Morphological Parameters of Floating Microspheres.

The prepared floating microspheres exhibited high drug
entrapment efficiency, indicating effective incorporation of
ciprofloxacin hydrochloride within the polymeric matrix.
Efficient entrapment can be attributed to the appropriate
selection of polymers and the optimized solvent
evaporation technique, which facilitated uniform drug
distribution and minimized drug loss during formulation.
High entrapment efficiency is essential for achieving the
desired therapeutic dose and ensuring sustained drug
release over an extended period. In vitro buoyancy studies
were carried out in simulated gastric fluid (pH 1.2) to
evaluate the floating behavior of the microspheres. The
results demonstrated that a significant proportion of

microspheres remained buoyant for more than 12 hours,
confirming their low density and effective floating ability.
The hollow internal structure and smooth surface
morphology of the microspheres played a key role in
maintaining buoyancy. Minimal lag time was observed
before floating, indicating rapid buoyancy upon contact
with gastric fluid. The combination of high drug
entrapment and prolonged buoyancy suggests that the
developed microspheres are suitable for gastro-retentive
drug delivery and capable of maintaining prolonged gastric
residence, thereby enhancing local drug availability and
therapeutic efficacy.

Table 4. Drug Entrapment Efficiency and Buoyancy of Floating Microspheres.

Formulation Entrapment Efficiency (%)

Floating Lag Time (min) Buoyancy at 6 h (%)

Buoyancy at 12

Code h (%)

F1 75.8+1.9 2.8+0.3 654+2.1 582+£1.8
F2 81.3+22 24+0.2 72.6+24 66.9+2.0
F3 89.6 2.5 1.9+0.2 85.7+2.6 79.8+£2.3
F4 85.1+2.1 22+0.3 78.9+23 72.4+£2.1
F5 87.8+2.0 2.0+£0.2 824£2.5 76.6+2.2

Values are expressed as mean £ SEM from three independent experiments (n = 3).
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Figure 5. Drug Entrapment Efficiency and Buoyancy of Floating Microspheres.

In vitro drug release studies demonstrated that the prepared
floating microspheres exhibited a sustained and controlled
release of ciprofloxacin hydrochloride over an extended
period in simulated gastric fluid (pH 1.2). All formulations
showed an initial mild burst release during the early phase
of dissolution, which can be attributed to the presence of
drug molecules loosely bound or located near the surface of
the microspheres. This initial release is beneficial as it
helps in achieving rapid therapeutic drug levels. Following
the burst phase, a prolonged and gradual release pattern
was observed, indicating diffusion-controlled drug release

through the polymeric matrix. The sustained release
behavior can be attributed to the swelling and erosion
characteristics of the polymers as well as the diffusion of
the drug through the polymer network. Differences in
release profiles among formulations were likely due to
variations in polymer concentration and matrix density.
Overall, the release data confirmed that the floating
microspheres were capable of maintaining prolonged drug
release for more than 12 hours, which is advantageous for
reducing dosing frequency and enhancing therapeutic
efficacy in gastric ulcer management.

Table 5. In Vitro Drug Release Profile of Floating Microspheres.

Time (h) F1 (% CDR) F2 (% CDR) F3 (% CDR) F4 (% CDR) F5 (% CDR)
1 18.6+1.2 164+1.0 142+0.9 158+ 1.1 149+ 1.0
2 289+1.5 25.6+1.3 224412 241+ 14 233413
4 45.7+2.0 418+19 38.6+ 1.7 40218 395+ 1.6
8 68.4+2.4 64.9+22 60.8+2.0 63.1+2.1 62.4+2.0
12 85.6+2.8 82.3+2.6 78.9+ 2.4 81.2+2.5 80.4+2.3

Values are expressed as mean + SEM from three independent experiments (n = 3).

In vivo evaluation clearly demonstrated that floating
microsphere formulations produced significantly enhanced
anti-ulcer activity compared to the conventional
ciprofloxacin ~ formulation.  Animals treated  with
microspheres exhibited prolonged gastric retention, which
ensured sustained local drug availability at the ulcer site.
This resulted in a marked reduction in ulcer severity and
faster healing of gastric lesions. The ulcer index values
were significantly lower in microsphere-treated groups,
indicating effective gastroprotection. Percentage ulcer
inhibition ~was  substantially higher for floating
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microspheres, confirming improved therapeutic efficacy.
Enhanced mucosal regeneration scores further supported
better restoration of gastric epithelial integrity and reduced
inflammation. The improved anti-ulcer performance of
microspheres can be attributed to their buoyant nature,
prolonged gastric residence time, and controlled drug
release. Overall, the in vivo results confirmed that floating
microspheres are more effective than conventional
formulations in promoting ulcer healing and maintaining
gastric mucosal integrity.
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Figure 6. In Vitro Drug Release Profile of Floating Microspheres.

Table 6. In Vivo Anti-Ulcer Activity of Ciprofloxacin-Loaded Floating Microspheres.

Treatment Ulcer Index (mean £ Ulcer Inhibition Gastric Retention Mucosal Regeneration
Group SEM) (%) Time (h) Score

Control 192+ 1.5 0.0+0.0 1.3+£0.2 0.9+0.1
Conventional 12.1£1.2 37.0+£2.3 2.5+0.3 1.8+0.2

F1 9.4+09 51.0+25 56+04 25+0.2

F3 5.6+0.7 70.8+2.8 9.4+0.5 3.7+£0.3

F5 6.4+0.8 66.7+2.6 8.6+£04 34+03

Values are expressed as mean = SEM (n = 6 animals per group).
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Figure 7. In Vivo Anti-Ulcer Activity of Ciprofloxacin-Loaded Floating Microspheres.

The present study focused on the development and
evaluation of floating microspheres of ciprofloxacin
hydrochloride as a gastro-retentive drug delivery system
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intended for the management of gastric ulcers. The findings
demonstrated that the formulated microspheres effectively
addressed the key limitations of conventional oral
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ciprofloxacin formulations, particularly their short gastric
residence time, fluctuating plasma concentrations, and
inadequate local drug exposure at the ulcer site. The
incorporation of low-density polymers such as ethyl
cellulose and hydroxypropyl methylcellulose (HPMC)
through the solvent evaporation method resulted in the
formation of spherical, porous, and buoyant microspheres
capable of prolonged gastric retention and sustained drug
release. The entrapment efficiency of all formulations was
notably high, ranging from approximately 75% to 90%,
indicating effective encapsulation of ciprofloxacin within
the polymeric matrix. This outcome can be attributed to the
optimized polymer-to-drug ratio and the controlled solvent
evaporation rate, which minimized drug loss during
formulation. Among the tested formulations, F3 exhibited
the highest entrapment efficiency and superior buoyancy,
suggesting that the polymer concentration and viscosity
were optimal for forming stable microspheres with
desirable characteristics. The rapid attainment of buoyancy
(lag time below 3 minutes) and prolonged floating duration
exceeding 12 hours confirmed that the microspheres
maintained a low density and could remain afloat in gastric
fluid, an essential feature for sustained therapeutic activity
in the stomach.

The in vitro drug release studies revealed a biphasic
release pattern characterized by an initial mild burst
followed by a prolonged, controlled release phase
extending up to 12 hours. The initial burst release is
beneficial for achieving rapid therapeutic levels of
ciprofloxacin to initiate antibacterial action, while the
subsequent sustained release ensures continuous local drug
availability,  promoting  effective  eradication  of
Helicobacter pylori. The release kinetics suggested a
diffusion-controlled mechanism governed by the polymeric
matrix, which modulated the drug diffusion rate. The
gradual release behavior is consistent with the swelling and
erosion characteristics of HPMC and the hydrophobic
nature of ethyl cellulose, which together provide an ideal
balance for controlled drug delivery. The in vivo evaluation
further substantiated the superior performance of the
floating microspheres compared to the conventional
ciprofloxacin ~ formulation.  Animals treated  with
microsphere formulations showed significantly enhanced
gastric retention times, with microspheres remaining in the
stomach for up to nine hours, in contrast to the rapid
emptying observed with the conventional formulation. The
prolonged retention allowed sustained exposure of the
gastric mucosa to ciprofloxacin, which translated into
markedly improved ulcer healing. This was reflected in
reduced ulcer index values, higher percentages of ulcer
inhibition, and improved mucosal regeneration scores in the

microsphere-treated  groups, particularly F3, which
exhibited the best overall therapeutic performance.
The enhanced anti-ulcer efficacy of the floating

microspheres can be attributed to several synergistic
mechanisms. First, the prolonged gastric residence time
ensures continuous contact of the drug with the ulcerated
mucosa, leading to more effective bacterial eradication and
reduced recurrence risk. Second, sustained drug release

www.ijzab.com

Int. J. Zool. Appl. Biosci., 11(5), 274-287, 2026

maintains consistent local concentrations of ciprofloxacin,
preventing subtherapeutic levels that could foster bacterial
resistance. Third, the localized delivery minimizes systemic
drug exposure, reducing the potential for adverse effects
often  associated  with  fluoroquinolone therapy.
Collectively, these factors contribute to improved
therapeutic efficacy, better patient compliance, and an
overall safer treatment profile. The results obtained in this
study align with previous reports on floating microsphere
systems designed for other antibiotics and gastroprotective
agents. Similar trends of high buoyancy, controlled release,
and enhanced in vivo efficacy have been observed with
drugs such as amoxicillin and metronidazole in gastro-
retentive systems. This supports the general applicability of
the floating microsphere approach for improving the local
efficacy of drugs targeting H. pylori and related gastric
disorders. Furthermore, the multiparticulate nature of
microspheres offers advantages over single-unit dosage
forms by minimizing intersubject variability and reducing
the risk of dose dumping.

Overall, the findings demonstrate that floating
microspheres of ciprofloxacin hydrochloride represent an
efficient and practical strategy for enhancing the
therapeutic management of gastric ulcers. The system
ensures prolonged gastric retention, consistent drug release,
and targeted local action all critical factors for successful
H. pylori eradication and mucosal healing. Future work
may focus on scaling up production, evaluating long-term
stability, and conducting clinical trials to confirm the
translational potential of this formulation in human
subjects.

CONCLUSION

The development of ciprofloxacin hydrochloride-loaded
floating microspheres successfully demonstrated the
potential of gastro-retentive drug delivery systems in
improving therapeutic efficacy against gastric ulcers. The
incorporation of ethyl cellulose and HPMC through the
solvent evaporation technique produced microspheres with
excellent buoyancy, uniform morphology, and high
encapsulation efficiency. The formulations maintained
prolonged floating ability in simulated gastric fluid and
provided sustained drug release for up to 12 hours, ensuring
continuous drug availability in the stomach. The optimized
formulation (F3) exhibited the best combination of
entrapment efficiency, buoyancy, and controlled release
behavior, confirming the influence of polymer
concentration on formulation performance. In vivo
evaluations further verified that the floating microspheres
significantly enhanced gastric retention time and exhibited
superior anti-ulcer activity compared to conventional
ciprofloxacin formulations. The observed reduction in ulcer
index, increased ulcer inhibition percentage, and higher
mucosal regeneration scores reflect improved local
antibacterial action and enhanced mucosal healing. The
findings confirm that floating microspheres effectively
overcome the limitations of conventional oral ciprofloxacin
by maintaining site-specific drug delivery and minimizing
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systemic side effects. Overall, this study validates the
design of floating microspheres as a promising gastro-
retentive  platform for ciprofloxacin hydrochloride,
providing sustained drug release, improved patient
adherence, and superior therapeutic outcomes. Future
investigations should focus on optimizing large-scale
production, assessing long-term stability, and conducting
clinical evaluations to establish their applicability in human
gastric ulcer therapy.
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