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ABSTRACT 

Aim: The study aimed to formulate and evaluate Ketoprofen-

loaded microsponge and microsponge gel systems for sustained 

topical delivery. Preformulation studies including melting 

point, solubility, and λmax confirmed drug purity, while FTIR 

indicated compatibility of Ketoprofen with ethyl cellulose, 

validating its suitability for controlled release. Methodology: 

Microsponges were prepared using ethyl cellulose and PVA in 

varying ratios and evaluated for particle size, drug content, 

entrapment efficiency, and in vitro release. All formulations 

showed >85% drug content and entrapment efficiency, with F6 

showing the highest values (92.39% and 91.37%). In vitro 

studies confirmed sustained release up to 8 hours, with F6 

showing the most controlled release (87.1%). Kinetic analysis 

revealed Zero-order release and Super Case II transport. 

Result: Optimized microsponges were incorporated into gels 

showing smooth texture, stability, and pH 6.1–6.4. Viscosity (10,840–11,320 cps) and 

spreadability (6.50–7.02 cm) were within acceptable limits. In vitro drug release from gels 

showed prolonged release, with F6MG1 achieving 90.6% cumulative release following Zero-

order kinetics. Conclusion: Ketoprofen-loaded microsponge gels were stable and effective, 

providing sustained drug release and showing potential as a controlled-release topical 

formulation for enhanced therapeutic efficacy. 
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INTRODUCTION
[1-4] 

Pain is an unpleasant sensory and emotional experience associated with actual or potential 

tissue damage. It acts as a protective mechanism that alerts the body to harmful stimuli; 

however, when it becomes chronic, pain loses this protective role and significantly impairs 

quality of life. Chronic pain results from alterations in neural signaling pathways and remains 

a major therapeutic challenge. Advances in molecular pain research have identified specific 

therapeutic targets, such as selective cyclooxygenase-2 (COX-2) inhibitors, which provide 

effective analgesia with fewer adverse effects than traditional nonsteroidal anti- inflammatory 

drugs (NSAIDs). 

 

Pain perception begins with the activation of nociceptors—specialized sensory neurons that 

respond to noxious thermal, mechanical, or chemical stimuli. During inflammation, chemical 

mediators such as prostaglandins, bradykinin, and histamine lower the activation threshold of 

these neurons, leading to heightened pain sensitivity. NSAIDs reduce prostaglandin synthesis 

through COX enzyme inhibition, thereby decreasing nociceptor sensitization and alleviating 

pain. In addition, they indirectly modulate ion channels such as TRPV1 and acid-sensing ion 

channels (ASICs), which play essential roles in transmitting pain signals. 

 

Inflammation is a complex physiological response to tissue injury, infection, or irritation, 

characterized by redness, heat, swelling, and pain. It involves the release of mediators such as 

prostaglandins, cytokines, and histamine, which activate and sensitize peripheral nociceptors. 

Among these mediators, prostaglandins are key contributors to pain and edema. NSAIDs act 

by inhibiting COX-1 and COX-2 enzymes, thereby preventing prostaglandin formation, 

reducing inflammatory cytokine release, and minimizing leukocyte migration to the affected 

area. Consequently, NSAIDs are widely used for the management of inflammatory and 

musculoskeletal disorders, arthritis, and soft tissue injuries. 

 

Transdermal drug delivery systems (TDDS) have gained attention as an alternative route for 

both local and systemic drug administration. These systems provide controlled and sustained 

drug release through the skin, bypassing hepatic first-pass metabolism and improving 

bioavailability and patient compliance. Drug permeation mainly occurs via transcellular, 

intercellular, and appendageal routes, with the stratum corneum serving as the primary barrier. 

TDDS offer several advantages, including reduced systemic side effects and prolonged 

therapeutic action, but are limited to potent drugs with favourable physicochemical properties 

and may occasionally cause skin irritation. 
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Microsponges are highly porous, polymeric microspheres that can entrap active ingredients 

and release them in a controlled manner. Their structure allows sustained drug release at the 

target site while minimizing irritation and maintaining therapeutic concentrations for extended 

periods. Microsponges are stable, non-irritant, and compatible with a wide range of 

formulations. They are prepared mainly by liquid–liquid suspension polymerization or quasi-

emulsion solvent diffusion techniques and have found applications in topical, oral, and 

cosmetic formulations. 

 

Gels are semisolid systems that offer localized drug delivery with good patient acceptability. 

Their biocompatible matrix ensures effective drug retention and sustained release at the site of 

application. Microsponge-loaded gels combine the advantages of both systems— controlled 

drug release from microsponges and the ease of application and spreadability of gels. Such 

formulations enhance drug stability, reduce dosing frequency, and improve therapeutic 

outcomes in the treatment of inflammatory and musculoskeletal conditions. 

 

MATERIALS AND METHODS
[5-11]

 

Pre formulation studies 

Preformulation studies of Ketoprofen were performed to confirm its identity, purity, and 

compatibility with excipients. The melting point determined by the capillary method complied 

with standard values. The drug showed maximum absorbance at 260 nm in phosphate buffer 

pH 7.4, confirming its λmax. FTIR analysis revealed no significant drug–excipient interactions, 

indicating compatibility for formulation development. 

 

PREPARATION OF KETOPROFEN MICROSPONGE BY QUASI EMULSION 

SOLVENT DIFFUSION METHOD 

Drug loaded micro-sponges will be prepared by quasi emulsion solvent diffusion method. The 

internal phase consisted of Ethyl cellulose in dichloromethane. The drug (250 mg) was 

gradually added to the ethyl cellulose solution with continuous stirring at 800 rpm. The internal 

phase is then added dropwise into the aqueous external phase containing polyvinyl alcohol. 

After 2 hrs. of stirring, the micro-sponges will be formed by evaporation of dichloromethane 

from the system. The micro-sponges will be filtered and then dried in hot air oven at 40 °C till 

constant weight and store in airtight container. 
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Table 1: Composition of Ketoprofen microsponges. 

Formulation code F1 F2 F3 F4 F5 F6 

Ketoprofen (mg) 250 250 250 250 250 250 

Ethyle cellulose (mg) 250 500 750 250 500 750 

Dichloromethane (ml) 10 10 10 10 10 10 

Water (ml) 100 100 100 100 100 100 

PVA (mg) 125 125 125 250 250 250 

Stirring time (hrs.) 2 2 2 2 2 2 

 

EVALAUATION OF MICROSPONGES 

Determination of production yield 

 

 

Particle size distribution 

Particle size analysis of prepared microsponges was carried out by using optical microscopy 

method. The calibrated microscope was used to count approximately 100 microsponges. 

 

Entrapment efficiency 

 

 

Drug content 

Ketoprofen content in microsponges was assayed by an UV spectrophotometric method. 

Microsponges containing equivalent to 10 mg of drug were dissolved in a 100 ml phosphate 

buffer of pH 7.4 After suitable dilution absorbance was measured by UV spectrophotometer 

against blank at λmax 260 nm and drug content was calculated. 

 

In vitro release study 

In vitro release pattern of microsponges was carried out in dissolution apparatus USP Type 1 

using phosphate buffer pH 7.4 as dissolution medium with a modified basket consisted of 5µm 

of stainless-steel mesh. Ketoprofen containing microsponges equivalent to 100 mg was taken 

in the basket. The speed of the rotation is 50 rpm and temperature of 37± 0.5°C. At fixed 

intervals, aliquots 5 ml sample were withdrawn periodically and were replaced by fresh buffer. 

The samples were assayed by UV spectrophotometer at 260 nm using phosphate buffer pH 7.4 

as blank and % CDR was calculated and plotted against time. 
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RESULTS AND DISCUSSION 

The characterization of pure Ketoprofen confirmed its identity, purity, and physicochemical 

properties using UV-visible spectroscopy, FT-IR, and DSC. The melting point was observed at 

104°C, within the reported range of 100–110°C, confirming the drug’s purity. Solubility studies 

showed that Ketoprofen is freely soluble in water, ethanol, acetone, chloroform, propylene 

glycol, PEG 400, and phosphate buffers at pH 4.4, 6.8, and 7.4, indicating suitability for 

formulation in various solvent systems. The λmax was recorded at 260 nm in pH 7.4 phosphate 

buffer, and the calibration curve exhibited linearity (R² = 0.9991) over a concentration range 

of 3–15 µg/ml, demonstrating the reliability of the UV spectrophotometric method for 

quantitative analysis. FT-IR analysis confirmed that the characteristic functional groups of 

Ketoprofen were retained in the physical mixture with excipients, indicating compatibility and 

absence of significant drug–excipient interactions. 

 

Microsponge formulations (F1–F6) were evaluated for particle size, drug content, entrapment 

efficiency, and in vitro drug release. Particle sizes ranged from 135.39 nm (F6) to 147.34 nm 

(F3), suggesting uniform microsponge formation at nanoscale. SEM images revealed spherical 

and porous microsponges, beneficial for controlled drug release. Drug content ranged from 

85.86% to 92.39%, and entrapment efficiency varied from 86.73% to 93.36%, with F6 showing 

the highest values. In vitro release studies demonstrated sustained drug release over 8 hours, 

with cumulative release from 87.13% to 92.59%, confirming effective prolonged delivery. 

Kinetic modelling showed that formulations followed the Peppas model with ―n‖ values >1, 

indicating Super Case-II transport, while high correlation coefficients for zero-order kinetics 

(R² ≈ 0.998–0.999) confirmed uniform drug release. 

 

Overall, the results indicate that Ketoprofen retains its chemical integrity in the presence of 

excipients, ensuring stability in the formulation. The nanosized porous microsponges allow for 

efficient drug entrapment and sustained release, minimizing dose frequency. The optimized 

formulation F6 exhibited the highest drug content, entrapment efficiency, and controlled 

release, making it a promising candidate for oral delivery. The study demonstrates that the 

designed microsponge system effectively improves Ketoprofen’s solubility, stability, and 

release profile, highlighting its potential for enhanced therapeutic efficacy and patient 

compliance. 
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Figure 1: DSC Thermograph of Ketoprofen. 

 

 

Figure 2: FT –IR spectra of pure Drug. 

 

 

Figure 3: FT-IR spectra of physical mixture I: Drug + Ethyl cellulose. 
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Figure 4: Particle size analysis of optimized formulation F6. 

 

 
Figure 6: % Drug content of F1-F6 formulation. 
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Figure 7: % Drug entrapment efficiency F1-F6. 

 

 

Figure 8: In vitro drug release profile of F1-F6 formulation. 

 

CONCLUSION 

The study confirmed the identity, purity, and stability of Ketoprofen using UV, FT-IR and DSC, 

with a melting point of 104°C and λmax at 260 nm. The drug was freely soluble in various 

solvents and compatible with excipients. Microsponge formulations (F1–F6) showed uniform 

nanosized particles, high drug content (85.86–92.39%) and entrapment efficiency (86.73– 

93.36%), with F6 as the optimized formulation. In vitro studies demonstrated sustained release 

over 8 hours following Peppas kinetics, indicating effective controlled delivery. Overall, the 

microsponge system enhanced Ketoprofen’s solubility, stability, and release profile, making it 

a promising oral delivery system for improved therapeutic efficacy and patient compliance. 
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