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Abstract

Sulfadiazine has gained renewed interest as a repurposed anticancer agent owing to its ability to inhibit folate-dependent
metabolic pathways and disrupt tumor cell proliferation. However, its therapeutic potential is hindered by poor agueous
solubility, short gastric residence time, and limited absorption from the gastrointestinal tract. This study aimed to develop a
gastro-retentive floating microsponge system to enhance gastric retention and sustain release of sulfadiazine for improved
absorption. Microsponges were prepared using the quasi-emulsion solvent diffusion method with Eudragit RS 100 as the
polymer matrix. Three formulations (F-1, F-2, F-3) were evaluated for production yield, drug content, entrapment
efficiency, floating behavior, in-vitro drug release, surface morphology, thermal characteristics, and short-term stability.
All formulations appeared as white, free-flowing microsponge powders with high production yields (91.11-97.72%).
Entrapment efficiency ranged from 57.65% to 80.14%, increasing with polymer concentration. All formulations remained
buoyant for more than 12 hours, confirming effective floating behavior. SEM analysis revealed spherical, porous structures,
while DSC thermograms indicated reduced crystallinity of the encapsulated drug. In-vitro drug release demonstrated
sustained release over 8 hours, with F-1 showing the fastest release and F-2 the most controlled profile. Stability studies
showed no changes in appearance and minimal variation in drug content over three months. The results suggest that
sulfadiazine-loaded gastric floating microsponges can enhance gastric residence, support sustained delivery, and improve
the therapeutic potential of sulfadiazine as a repurposed anticancer agent.
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1. Introduction

Drug repurposing has become an attractive strategy in modern drug development due to its ability to reduce
development costs, shorten clinical timelines, and explore novel mechanisms of action for existing drugs [1]. Among
repurposed molecules, sulfadiazine—traditionally used as an antimicrobial—has emerged as a promising anticancer
candidate [2]. Sulfadiazine interferes with folate metabolism, a pathway frequently exploited by rapidly dividing cancer
cells. Emerging studies suggest that sulfadiazine suppresses metabolic pathways associated with tumor proliferation,
reduces inflammatory mediators in the tumor microenvironment, and may sensitize cancer cells to chemotherapeutic agents
[3]. These findings provide a strong rationale for designing improved delivery systems for sulfadiazine to enhance its
pharmacokinetic and therapeutic performance.

Sulfadiazine’s physicochemical profile provides a strong rationale for developing a gastro-retentive microsponge
system. As detailed by Stober and DeWitte, the drug has extremely low aqueous solubility, particularly at gastric and
intestinal pH, leading to dissolution-limited absorption and variability in its oral bioavailability. Its poor solubility also
contributes to acidic-pH-dependent crystalluria, emphasizing the need for controlled release and localized dissolution
rather than rapid bolus exposure. Although sulfadiazine is absorbed after oral administration, the extent of uptake is
restricted by its slow dissolution and rapid transit through the upper gastrointestinal tract, reducing the time available for
absorption. A gastro-retentive microsponge system can address these limitations by prolonging gastric residence, providing
a large porous surface area for enhanced dissolution, and maintaining the drug within the optimal absorption window. This
approach supports more consistent release, minimizes solubility-related complications, and improves the likelihood of
efficient uptake for both therapeutic and repurposed applications [4, 5].

Gastro-retentive drug delivery systems (GRDDS) aim to prolong gastric residence by using mechanisms such as
floating, swelling, bioadhesion, and density modification [6]. Floating drug delivery systems are widely used due to their
simplicity, safety, and effectiveness. They remain buoyant over gastric fluids, allowing sustained drug release at the
absorption site [7].

Microsponges are highly porous, polymer-based microparticles capable of entrapping drugs within a controlled-release
matrix [8]. Their porous structure results in low density, making them ideal candidates for floating dosage forms [9].
Eudragit RS 100, a pH-independent and permeable polymer containing quaternary ammonium groups, is widely used for
controlled release and microsphere/microsponge preparation due to its excellent film-forming and encapsulation properties
[10].

By incorporating sulfadiazine into a floating microsponge system, it may be possible to improve gastric retention,
maintain controlled drug release, enhance dissolution behavior, and ultimately maximize its anticancer potential. This study
aims to design and evaluate such a delivery system and provides a comprehensive evaluation, including characterization,
release studies, morphology, thermal behavior, and stability assessment.

2. Methodology
2.1. Materials

Sulfadiazine (SDZ) was obtained as a pure analytical-grade powder. Eudragit RS 100 (EGT RS100), a pH-
independent, water-insoluble acrylic—methacrylic copolymer, was used as the rate-controlling polymer. Dichloromethane
(DCM) served as the volatile organic solvent for the internal phase, while polysorbate-80 acted as the stabilizer and
emulsifying agent in the external aqueous phase. Distilled water was used throughout the study. All solvents and reagents
used were of analytical grade and utilized without further purification.

2.2. Methods
2.2.1. Preparation of Sulfadiazine Loaded Microsponge

Sulfadiazine-loaded microsponges were prepared using the quasi-emulsion solvent diffusion method. First, Eudragit
RS 100 was dissolved in dichloromethane (DCM) to form the internal organic phase, and 1 g of sulfadiazine was dispersed
into this solution. The amount of polymer was varied across the three formulations (1 g for F-1, 1.5 g for F-2, and 2 g for F-
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3) Table 1. Separately, the external aqueous phase was prepared by mixing polysorbate-80 with distilled water to act as a
stabilizer during microsponge formation [11].

The organic phase was then added dropwise into the aqueous phase under continuous stirring. This produced a quasi-
emulsion in which DCM gradually diffused out of the droplets, causing the polymer to solidify around the drug and form
porous microsponge particles. Stirring at 1500 rpm was continued for 90 minutes to complete solvent diffusion and particle
formation. The resulting microsponges were collected by filtration, washed with water to remove any unentrapped drug,
and air-dried at room temperature before being stored for further evaluation.

Table 1.
Composition of sulfadiazine loaded microsponge formulations.
Composition Formulations

F-1 F-2 F-3
Sulfadiazine (gm) 1 1 1
Eudragit RS 100 (gm) 1 1.5 2
Dichloromethane (mL) 8 8 8
Polysorbate 80 (mL) 0.6 0.6 0.6
Distilled Water (mL Up to) 100 100 100

2.2.2. Physicochemical characterization of sulfadiazine loaded with microsponges
2.2.2.1. Physical Appearance

The dried microsponges were visually inspected for their color, texture, surface uniformity, and flow characteristics.
All formulations were examined under adequate lighting conditions.

2.2.2.2. Production Yield

Production yield was calculated to assess the efficiency of the fabrication method. The theoretical mass (drug +
polymer) and practical mass (dried microsponges) were recorded using a calibrated analytical balance. Yield (%) was
determined using:

Producti 1d = Practical weight of the final microsponge X100
roduction yeud = Theoretical weight (SDZ + EGT)

This parameter reflects the extent of material loss during emulsification, filtration, and washing.

2.2.2.3. Drug Content and Entrapment Efficiency

A weighed amount of each microsponge formulation was crushed gently using mortar and pestle. The powdered
sample was dissolved in methanol (5 mL), vortexed (2-3 min), and centrifuged at 2000 rpm for 10 minutes. The
supernatant was appropriately diluted with 0.1 N HCI and analyzed at the Amax of 242 nm.

Actual amount of SDZ in microsponge
% Drugcontent = - - x 100
Weighed amount of microsponges

% Ent . o Actual amount of SDZ in microsponge 100
= X
6 Entrapment ef ficiency Theoretical amount of SDZ in microponge

This study helped determine the extent of drug encapsulation within the microsponge matrix.

2.2.3. In-Vitro Floating Study

The floating behavior of the prepared microsponges was assessed using a USP Type Il paddle dissolution apparatus
(Electrolab, India). A measured quantity of each formulation was added to 900 mL of simulated gastric fluid (0.1 N HCI,
pH 1.2) maintained at 37 + 0.5 °C. The paddle speed was set to 50 rpm to mimic gentle gastric motility conditions. The
microsponges were visually observed throughout the study to evaluate their buoyancy performance under physiological
conditions.

Two parameters were monitored during the experiment. The floating lag time was recorded as the time required for the
microsponges to rise to the surface and begin floating. The total floating duration reflected the time for which the
microsponges remained buoyant without sinking. These measurements provided details about the suitability of
microsponges as a gastro-retentive system and their ability to sustain prolonged gastric residence.

This test assessed gastric retention capability, a critical requirement for gastro-retentive delivery systems.

2.2.4. In-Vitro Drug Release Study

In-vitro release was performed using USP Type Il paddle apparatus (LOGAN, USA). Microsponges containing an
equivalent of the oral dose of sulfadiazine were placed in small cellophane membranes tied beneath the paddle to prevent
disintegration during agitation.

The dissolution medium consisted of 500 mL 0.1 N HCI maintained at 37 + 0.5 °C and stirred at 50 rpm. Aliquots of 5
mL were withdrawn at predetermined intervals up to 8 hours and replaced with fresh medium to maintain sink conditions.
Samples were filtered, diluted if necessary, and analyzed at the Amax of 242 nm.
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2.2.5. Scanning Electron Microscopy (SEM)

The surface morphology of pure sulfadiazine, pure Eudragit RS 100, and the optimized microsponge formulation (F-2)
was examined using a TESCAN VEGA3 SEM (Czech Republic). Each sample was fixed onto an aluminum stub using
double-sided carbon adhesive tape, followed by sputter-coating with a thin layer of gold—palladium to improve electrical
conductivity. Imaging was carried out at an accelerating voltage of 20 kV. SEM micrographs were captured at different
magnifications to assess particle shape, surface texture, porosity, and the overall structural characteristics of the
microsponges compared with the raw materials.

2.2.6. Differential Scanning Calorimetry (DSC)

Thermal behavior of sulfadiazine (A), the physical mixture of drug and polymer (B), and the optimized microsponge
formulation F-2 (C) was analyzed using a DSC 214 Polyma instrument (NETZSCH, Germany). Accurately weighed
samples (4-8 mg) were sealed in aluminum pans, and an empty sealed pan served as the reference. The samples were
heated from 50 °C to 300 °C at a controlled heating rate of 10 °C/min under a nitrogen atmosphere flowing at 40-60
mL/min. The resulting thermograms were evaluated to identify melting transitions, peak shifts, disappearance or
broadening of thermal events, and any changes in crystallinity that could indicate drug—polymer interactions or successful
encapsulation within the microsponge matrix.

2.2.7. Stability Study

The optimized microsponge formulation (F-2) was subjected to a three-month stability study under accelerated
conditions of 40 £ 2 °C and 75 + 5% relative humidity. Samples were stored in airtight containers and evaluated at one-
month intervals. Each sample was examined for changes in physical appearance, color, powder flow properties, and drug
content, using the analytical method described previously in Section 2.2.2.3. The stability results were used to determine
whether the formulation maintained physical integrity and drug content over the test period.

3. Results and Discussion
3.1. Physicochemical Characterization of Sulfadiazine Loaded Microsponge
3.1.1. Physical Appearance

All three formulations were obtained as fine, white, free-flowing powders without any noticeable aggregation or
discoloration (Table 2). This uniform physical appearance indicates that the quasi-emulsion solvent diffusion method
successfully produced consistent microsponge particles. The absence of clumping or moisture retention suggests that
solvent evaporation occurred efficiently and uniformly throughout the process, allowing the polymer to solidify evenly
around the dispersed drug. Moreover, the smooth and homogeneous texture of the powders implies that the emulsification
step was well controlled, ensuring adequate stabilization of droplets during microsponge formation. Such stability also
reflects compatibility between sulfadiazine and Eudragit RS 100, as no visible signs of drug—polymer incompatibility,
phase separation, or degradation were observed. A consistent appearance across all batches is an important quality attribute
since it supports reproducibility of the manufacturing method and indicates that the microsponges can be easily handled,
stored, and further processed into oral solid dosage forms such as powders, capsules, filled sachets, or compressed tablets.

3.1.2. Production Yield

The production yield of the microsponges ranged from 91.11% for F-1 to 97.72% for F-3, (Table 2) demonstrating a
clear increase in yield with increasing polymer concentration. This trend can be attributed to the stabilizing effect of
Eudragit RS 100, as higher amounts of polymer provide better droplet protection during emulsification, reducing material
loss during filtration and washing. When polymer levels are low, droplets may be more susceptible to rupture or
coalescence, causing partial loss of drug-polymer material before solidification is complete. Conversely, a more
concentrated polymer solution forms a robust matrix that retains drug content more effectively within each droplet. High
production yields observed across all formulations further reinforce the robustness and efficiency of the quasi-emulsion
method, highlighting its suitability for scale-up. From an industrial perspective, such consistently high yields translate to
cost-effective manufacturing, minimal raw material wastage, and predictable batch-to-batch performance, which are
essential for commercial viability. Similar results were reported in the literature on the same drug carrier system [12].

3.1.3. Drug Content and Entrapment Efficiency

The entrapment efficiency showed a strong dependence on polymer concentration, ranging between 57.65% and
80.14%, with the highest value recorded for formulation F-3 (Table 2). Increasing the amount of Eudragit RS 100 in the
internal phase likely contributed to the formation of thicker polymer walls, thereby minimizing the loss of sulfadiazine into
the aqueous phase during emulsification. Lower polymer concentrations, as in F-1, allow greater opportunity for drug
diffusion out of the droplets, leading to comparatively lower entrapment despite higher measured drug content. The
enhanced entrapment in F-3 reflects more efficient encapsulation of sulfadiazine, which is particularly important for
repurposed anticancer molecules where dose precision and therapeutic consistency are critical. High entrapment efficiency
not only ensures minimal drug wastage but also strengthens the sustained-release potential of the microsponges by
providing a well-integrated drug—polymer matrix that regulates diffusion more effectively [13, 14]. This leads to improved
dosing accuracy, predictable release behavior, and better pharmacological performance.
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3.2. In-Vitro Floating Study

All microsponge formulations exhibited excellent buoyancy, maintaining flotation for more than 12 hours with
negligible floating lag time (Table 2). The rapid and sustained floating ability is primarily attributed to the porous internal
structure created during solvent diffusion, where entrapped air pockets reduce particle density and enable the microsponges
to remain above the surface of gastric fluid. Eudragit RS 100 provides adequate mechanical strength, preventing collapse or
fragmentation of the microsponges during stirring. Prolonged gastric retention is highly desirable for drugs like
sulfadiazine, which are absorbed mainly from the stomach or upper intestine. Maintaining the formulation’s presence in the
stomach allows for extended drug release in the region of optimal absorption, improving bioavailability and maximizing
therapeutic effects. This prolonged gastric residence is also advantageous for localized treatment strategies, such as h.
pylori infections gastric or gastrointestinal tumors where sustained exposure may improve drug penetration and efficacy
[10, 15].

Table 2.

Physicochemical evaluation of sulfadiazine loaded microsponge formulations.
*Parameters Formulations

F-1 F-2 F-3

Physical appearance White solid White solid White solid
Product Yield (%) 91.11+£1.25 95.25+1.12 97.72+1.32
Drug content (%) 30.75%0.68 230.66 26.66x1.02
Entrapment efficiency (%) 61.72+0.77 57.65+0.98 80.14+0.83
In-vitro floating time (h) > 12 >12 >12

Note: *Each experiment was done in triplicate, and the findings were presented as mean SD (n = 3).

3.3. In-Vitro Drug Release Study

The cumulative percentage drug release was calculated and plotted (Figure 1) for F-1, F-2, and F-3 microsponge
formulations. Although both F-2 and F-3 were prepared with higher polymer concentrations than F-1, the drug release
study revealed that F-2 exhibited a slower and more controlled release profile (~52% at 8 hours) compared to F-3 (~72% at
8 hours). This behavior can be attributed to differences in the internal microstructure formed during emulsification. While
F-3 contained the highest amount of Eudragit RS 100, its very high polymer load likely led to increased viscosity of the
organic phase, resulting in the formation of particles with thicker walls but lower internal porosity [16]. Reduced porosity
limits the number of aqueous diffusion channels, allowing dissolution medium to penetrate the microsponge network more
readily and accelerating drug diffusion [17-19]. In contrast, F-2 achieved a more balanced combination of polymer
concentration and pore formation. The moderate polymer level allowed F-2 to form a well-interconnected porous matrix
with uniformly distributed diffusion pathways. This structure creates a longer tortuous path for drug molecules to traverse
before exiting the microsponge, producing a deeper sustained-release effect than F-3 despite the latter's higher polymer
content [9].

F-2 was considered the optimized formulation because it demonstrated the best overall balance of critical quality
attributes. It exhibited a desirable sustained-release profile without the excessive initial release observed in F-1 or the
moderately faster release seen in F-3.
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Figure 1.

In-vitro drug release profile of sulfadiazine loaded microsponge formulations.
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3.4. Scanning Electron Microscopy (SEM)

SEM analysis revealed clear morphological distinctions between raw materials and the optimized microsponge
formulation (Figure 2). Pure sulfadiazine appeared as elongated, needle-shaped crystals, reflecting its crystalline structure,
while Eudragit RS 100 particles were observed as smooth, discrete, nearly spherical units. In contrast, the microsponges of
formulation F-2 displayed well-defined spherical to semi-spherical particles with a rough, porous outer surface. The
presence of uniformly distributed pores confirms successful formation of the microsponge structure via solvent diffusion
and polymer precipitation. These morphological characteristics play a crucial role in determining functional performance:
the porous network enhances wetting and dissolution, supports buoyancy by trapping air, and contributes to sustained drug
release by regulating the diffusion rate [20, 21]. The structural integrity observed in SEM images indicates that the
fabrication method produced robust microsponges capable of withstanding handling and mechanical agitation during
gastric retention.

SEM MAG:4.99kx | SM:RESOLUTION
WD: 15.85 mm Det: SE /25/2022 g ——— 100 ym ——
's):09:00:37 | VEGA3 LMU 7/ 0x|9. IRMC

SEMMAG: 2.00kx | SM:RESOLUTION | | : : SEMMAG: 501 kx | SM:RESOLUTION
WD:16.04mm |

Time(h:m:s): 09:32:27 |  VEGA3 LMU

Figure 2.
SEM images of A) Sulfadiazine B) Eudragit RS 100, C) and D) F-2 microsponge.
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3.5. Differential Scanning Calorimetry (DSC)

The sharp melting endotherm of pure sulfadiazine [4] confirms its crystalline state (Figure 3A). When blended with
Eudragit RS100 in the physical mixture, the appearance of an additional low-temperature endotherm and the depression of
the sulfadiazine melting point reflect initial physical interactions between the drug and polymer. The polymer softening
around 154-160 °C facilitates partial dissolution of sulfadiazine into the polymer phase during heating, which accounts for
the broader and shifted drug peak (Figure 3B). These changes suggest reduced crystal perfection, formation of eutectic-like
behavior, or partial molecular dispersion, but the presence of a recognizable sulfadiazine melting endotherm indicates that
the drug remains largely crystalline in the physical mixture.

In microsponge formulation, thermal behavior changes further. The shift of the low-temperature transition to about
161.2 °C (Figure 3C) and the pronounced broadening of the sulfadiazine-related endotherm support deeper incorporation of
the drug within the porous Eudragit RS100 network. The lower intensity and reduced enthalpy of the melting peak
demonstrate partial amorphization or crystal size reduction, meaning that a fraction of the drug is molecularly dispersed or
confined within the microsponge pores. These solid-state changes are favorable for improving dissolution and sustaining
release because smaller or partially amorphous drug domains dissolve more readily.

Importantly, neither the physical mixture nor the microsponge displayed any new sharp peaks or exothermic events,
confirming no chemical incompatibility or degradation between sulfadiazine and Eudragit RS100. The DSC results
therefore support that sulfadiazine is thermally compatible with the polymer and is successfully incorporated into the
microsponge system with reduced crystallinity, consistent with the intended sustained-release behavior.
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DSC thermograms of A) Sulfadiazine B) Sulfadiazine-Eudragit RS 100 physical mixture C) F-2 microsponge.

3.6. Stability Study

The three-month stability study of microsponge formulation F-2 demonstrated excellent physical and chemical stability
(Table 3). No visible
remained structurally
24%), showing minimal degradation or loss of potency over time. The maintenance of drug content and physical attributes
suggests that the microsponge system effectively protects sulfadiazine from environmental stress, including temperature
and humidity fluctuations. Stable performance over the test period indicates that the formulation is suitable for long-term
storage and transporta

changes in color, appearance, or flow properties were observed, indicating that the microsponges
intact under accelerated storage conditions. Drug content remained within the acceptable range (23—

tion, providing confidence in its reliability and therapeutic consistency throughout shelf life. Overall,
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the stable performance indicates suitability for long-term storage and reliable therapeutic consistency throughout the
product’s shelf life.

Table 3.
Stability data of sulfadiazine loaded gastric floating microsponge (F-2 formulation).
SI.No. Duration (Months) Physical appearance *Drug content (%)
1 0 - 23+0.66
2 1 No change 23.32+0.77
3 2 No change 24.01+0.92
4 3 No change 23.89+1.21

Note: *The drug content experiment was done in triplicate, and the findings were presented as mean SD (n = 3)

4. Conclusion

Sulfadiazine-loaded gastric floating microsponges were successfully formulated using the quasi-emulsion solvent
diffusion method, producing high-yield, porous, buoyant particles with sustained drug release and strong stability
characteristics. The microsponges remained floating for more than 12 hours, ensuring prolonged gastric retention—a
critical advantage for drugs with limited absorption windows. SEM confirmed the desired morphology, while DSC verified
reduced crystallinity, supporting enhanced dissolution. Drug release patterns demonstrated sustained release behavior
suitable for maintaining consistent plasma concentrations.

These findings collectively indicate that gastric floating microsponges present a promising platform for repurposed
sulfadiazine delivery in cancer therapy. By enhancing gastric retention, improving dissolution, stabilizing the drug, and
providing sustained release, this system may significantly improve the therapeutic performance of sulfadiazine as an
anticancer agent. Further in-vivo studies are recommended to validate bioavailability improvements and therapeutic
outcomes.
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