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ABSTRACT 

Microsponge technology represents a significant advancement in drug delivery systems, offering controlled release, enhanced 

stability, and improved bioavailability. This review paper provides a comprehensive overview of microsponge technology, tracing 

its definition, history, and general applications in drug delivery. The importance of formulation strategies is emphasized, 

highlighting their role in ensuring drug delivery effectiveness, stability, and optimal release profiles. Key microsponge fabrication 

techniques, including emulsion-based methods, polymerization techniques, electrospinning, and other advanced methods like spray 

drying and supercritical fluid technology, are thoroughly examined. The review delves into the critical components of microsponge 

formulations, focusing on the types of polymers, active pharmaceutical ingredients (APIs), and additives used to enhance the 

performance of these systems. It also discusses essential formulation parameters such as polymer concentration, drug loading, 

particle size, and pore structure, which significantly influence the properties and efficacy of microsponge-based formulations. 

Characterization methods, including morphological analysis, thermal analysis, and drug release studies, are explored to provide 

insights into the stability and performance of microsponge systems. The paper further explores the diverse applications of 

microsponge technology across topical, oral, and less common delivery routes, addressing both the challenges and benefits 

associated with each. Finally, emerging trends and future research directions are identified, with a focus on advancing formulation 

techniques, exploring new applications, and addressing current challenges in microsponge formulation and regulation. This review 

serves as a valuable resource for researchers and formulators aiming to optimize and innovate in the field of microsponge-based 

drug delivery systems. 
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1. INTRODUCTION 

1.1. Definition and History 

Microsponge technology is a delivery system whereby the active pharmaceutical ingredient is entrapped within a highly porous, 

polymeric matrix called a microsponge. These microsponges are usually spherical particles varying in diameters from 10 to 500 

micrometers and are really porous to enable controlled release of incorporated drugs. 

The idea of microsponge technology dates back to the early 1990s, when scientists tried to develop a system that would allow for 

controlled and sustained release of a drug while improving its stability and efficiency. It was applied first to technological topical 

formulations to help solve several problems that were to be posed with conventional dosage forms of delivery of the system, such 

as quick release of the drug and poor stability. The evolution of microsponge technology has been on par with the developments of 

materials and techniques for better delivery of drugs through different routes1. 
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General Applications in Drug Delivery 

Microsponge technology has been broadly used to all drug-delivery systems for controlled and sustained delivery of drugs in 

different applications like: 

• Topical drug delivery: Microsponge-based formulations have found extensive and wide-ranging application in interdisciplinary 

topical drug delivery, including controlled drug-release dermatological products. Sustained, localized microsponge technology 

through the skin avoids systemic effects, reduces its potential toxicity, and improves acute therapy in relation to skin conditions like 

acne, psoriasis, and eczema. 

• Oral Drug Delivery: To a much lesser extent, microsponge technology is also ventured into for oral delivery. Here, it helps to 

regulate the rate of drug release by the gastrointestinal tract, which mimics the aftereffects of increasing bioavailability and 

minimizing side effects often associated with immediate-release formulations. 

• Transdermal Delivery: In the case of transdermal patches, microsponge systems are used to deliver medications into the skin 

in a controlled manner. This is a very useful method with drugs needing steady plasma levels, and it may also offer superior patient 

compliance. 

• Ocular Drug Delivery: Microsponge technology is useful for the retarding of drug release in the ocular region, which enhances 

the treatment efficiency for diseases such as glaucoma and dry eye syndrome in ophthalmic formulations2. 

 

Figure 1: Applications of microsponge in different drug delivery systems3 

1.2. Importance of Formulation Strategies 

Role in Drug Delivery Effectiveness 

Formulation strategies can be regarded as key determinants of the efficacy of any microsponge-based drug delivery system. These 

factors include: 

• Controlled Release: The formulation strategy is to control the drug's release over some period. An effective formulation will, 

on this basis, not allow the drug to be released too quickly and kill; it aims to avoid suboptimal therapeutic levels with possible side 

effects. 

• Drug Loading and Encapsulation Efficiency: To attain proper formulation, the employed techniques have to ensure high drug 

loading while maintaining high encapsulation efficiency. This will ascertain sufficient amounts of the drug at the target site. 
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• Ingredient Compatibility: One needs to compatibilize the formulation of drug, polymers, and other excipients. 

Incompatibilities can lead to instability or decreased efficacy and may even involve adverse reactions4. 

Impact on Stability, Release, and Bioavailability 

Formulation strategy directly influences the stability, release pattern, and bioavailability of microsponge-based delivery systems for 

drugs. 

• Stability: Effective formulation strategies improve the chemical and physical stability of the microsponge system. This prevents 

degradation of drugs in the face of ordinary environmental factors such as light, heat, or moisture. 

• Release Profile: The release rate and release pattern of drug from the microsponge matrix depends on the formulation. This 

must adopt strategies for the development of the release profile in such a way that it will help meet the therapeutic need—like 

prolonged release in chronic conditions or burst release in acute situations. 

• Bioavailability: Formulation strategies for oral and transdermal applications should result in increased drug bioavailability, with 

enhanced solubility and permeability for appropriate absorption into the bloodstream or target tissue.5 

 

Figure 2: Merits of using Microsponge in drug delivery3 

In other words, microsponge-based drug delivery system development is a very complex process that has immense effects on the 

net outcome of the treatment. A well-designed formulation will enhance stability, optimize release of drugs, and bioavailability for 

effective, reliable therapeutic outcomes. 

2. Microsponge Fabrication Techniques 

2.1. Emulsion-Based Methods 

1) Solvent Evaporation Technique 

This is most common used method for preparing a microsponge. It consists of the below steps in which, 

1. Preparation of Emulsion: A polymer is dissolved in an adequate appropriate volatile organic solvent and then dispersed in an 

aqueous phase, which contains the drug to prepare an O/W or W/O emulsion. The solvent employed here is selected based on drug-

polymer solubility. 

2. Emulsion Stabilization: Addition of emulsifiers or surfactants stabilizes the emulsion by preventing droplet coalescence. 

3. Solvent Removal: The evaporation of the organic solvent gradually will form solid polymeric microsponges; normally, this step 

is performed at reduced pressure for better removal of the solvent and to have control over the size of microsponges. 
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Advantages: This method applies more so in controlling the size and porosity of microsponges. Besides, this technique also fits a 

vast range of polymers and drugs. 

Disadvantages: The application of organic solvents in this method may lead to environmental and safety concerns. In addition, in 

some instances, the method is time-consuming and requires some special apparatus6. 

 

Figure 3: solvent evaporation method7 

2) Phase Inversion Method 

The phase inversion method involves the following steps: 

1. Preparation of Polymer Solution: A solution was prepared by dissolving a polymer in a suitable solvent. 

2. Emulsion formation: The solution of polymer is emulsified in a continuous phase, which is normally aqueous, with the aid of 

emulsifiers. 

3. Phase Inversion: The temperature or composition of the emulsion is changed to bring about phase inversion, producing a 

solidified polymer matrix with implanted drug particles. 

Advantages: It is an easy method that can characterize and prepare microsponges with well-defined structures. 

Disadvantages: The process may involve careful control of the phase inversion conditions to ensure that quality is kept constant 

and to allow reproducibility8. 

 

Figure 4: Phase inversion method 
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2.2. Polymerization Techniques 

 

Figure 5: Polymerization methods for microsponges3 

1) Suspension Polymerization 

Suspension polymerization involves the following steps: 

1. Preparation of Suspension: A monomer is distributed in a continuous phase (usually an aqueous phase) along with a stabilizer. 

2. Polymerization: Polymerization is initiated by heat or a chemical initiator, resulting in the formation of polymeric microspheres. 

3. Separation and Washing: The polymerized microspheres are separated from the continuous phase and washed to remove any 

residual monomers or initiators. 

Advantages: This technique produces microspheres with high porosity and good drug loading capacity. It is also scalable for 

industrial production. 

Limitations: Controlling the size and distribution of microspheres can be challenging, and the process may require the use of toxic 

monomers or initiators9. 

 

Figure 6: Liquid–liquid suspension polymerization method3 
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2) Emulsion Polymerization 

Emulsion polymerization involves the following steps: 

1. Preparation of Emulsion: A monomer is emulsified in an aqueous phase containing surfactants. 

2. Polymerization: Polymerization occurs within the droplets of the emulsion, leading to the formation of polymeric microsponges. 

3. Recovery and Washing: The polymeric particles are recovered and washed to remove residual surfactants and unreacted 

monomers. 

Advantages: This method offers high control over morphology and particle size. It is suitable for producing uniform and 

monodisperse microsponges. 

Limitations: The process requires precise control over reaction conditions and surfactant concentrations to achieve desired 

properties10. 

 

Figure 7: Quasi emulsion solvent diffusion method3 

2.3. Electrospinning 

Electrospinning can be taken into consideration for generating a microsponge with a fibrous structure. 

1. Polymer Solution Preparation: A viscous polymer solution is prepared in some suitable solvent. 

2. Electrospinning Setup: The polymer solution is filled in a syringe connected to a high-voltage power supply. The solution is 

then ejected through a nozzle, and the charged polymer fibers are collected on a grounded substrate. 

3. Fiber formation: Because of the high electric field, fine fibers are formed while the solvent evaporates in the course of spinning. 

Advantages: Electrospinning produces microsponges that are more porous and have high surface area. It allows for the creation of 

nanofibers with precise control over fiber diameter and morphology. 

Disadvantages: The technique requires specialized equipment and can be sensitive to solution parameters such as viscosity and 

conductivity. Additionally, the process may be limited to specific polymers11. 
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Figure 8: Electrospinning method of microsponge formation12 

2.4. Other Techniques 

1) Spray Drying 

Spray drying consist of the following steps: 

1. Preparation of Feed Solution: A polymer and drug are dissolved or dispersed in a liquid feed solution. 

2. Spraying: Using a spray nozzle the feed solution is atomized into a fine mist. 

3. Drying: The mist is rapidly dried in a hot air stream, resulting in the formation of solid microsponges. 

Advantages: Spray drying is a fast and scalable technique suitable for producing large quantities of microsponges. It is also 

harmonious with a various number of polymers and drugs. 

Limitations: The process may result in non-uniform particle sizes and may require optimization to prevent thermal degradation of 

sensitive drugs13. 

2) Supercritical Fluid Technology 

Supercritical fluid technology uses supercritical fluids (e.g., supercritical carbon dioxide) as solvents or anti-solvents: 

1. Preparation: The polymer and drug are dissolved in or precipitated by supercritical fluids. 

2. Formation: The supercritical fluid phase is used to create microsponges through rapid expansion or precipitation processes. 

Advantages: This technology avoids the use of organic solvents and provides accurate control on particle size and morphological 

characters. 

Disadvantages: The method has limitations because the equipment involved is very expensive, and it requires some special 

conditions, which become a main obstacle to the extensive application14. 

These techniques open up the opportunity for developing drug delivery systems based on microsponges with various benefits and 

limitations. The selection of technique would be based on a lot of factors, like the required properties in microsponges, the drug and 

polymer nature, and the intended use. 
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3. Key Components of Microsponge Formulations 

3.1. Polymers and Materials 

Types of Polymers Used 

One of the basic and most important points in determining the performance and characteristics of the drug delivery system is the 

choice of polymers for the microsponge formulation. Common polymers used include: 

1. Eudragit: A family of acrylic and methacrylic acid copolymers, such as Eudragit RS and Eudragit RL, have been used in this 

respect to form films and control the release rate of drugs. They find extensive applications for their stability and biocompatibility 

in a variety of dosage forms. 

2. PVA: This is a synthetic polymer, water-soluble, applied due to its excellent property of film-forming. It provides a stable matrix 

for drug encapsulation and often applied in topical formulations. 

3. PLA and PLGA: These are biodegradable polymers which are used for controlled release. The rationale is that in the human 

body, with time, they will degrade and hence release the drug slowly. 

4. Cellulose Derivatives: Polymers of cellulose have been used, like hydroxypropylmethylcellulose. HPMC, due to the film-

forming and gelling properties for sustained release drug delivery15. 

Natural vs. Synthetic Polymers 

1. Natural Polymers: These are polymers of biological origin, known for their biocompatibility and biodegradability. They are 

used in formulations in which a natural, ecologically friendly approach is preferred. 

2. Synthetic Polymers: The synthetic polymers, as mentioned above, like Eudragit, PVA, PLA, provide better control over 

physical characteristics of the microsponge. They are used because of their reproducibility, stability, and possibility of modulating 

the release16. 

3.2. Active Pharmaceutical Ingredients (APIs) 

Types of Drugs Incorporated 

The drugs that can be embedded in microsponge formulations are: 

• Anti-inflammatory Agents: These are compounds like non-steroidal anti-inflammatory drugs or corticosteroids that, in order 

to lower inflammation and associated arthritis or dermatitis pain, are normally encapsulated in microsponges for topical delivery. 

• Antibiotics: Antibiotic drugs like clindamycin or tetracycline find their application in microsponge formulations in treating 

infections, more particularly in dermatological applications. 

• Hormones: Oestrogen or progesterone hormones are included in microsponge systems for their controlled release during 

hormone replacement therapy. 

• Antifungal Agents: Drugs used to treat fungal infections, like ketoconazole, have also been delivered using this technology to 

improve their performance while reducing systemic side effects17. 

Compatibility with Microsponge Matrices 

API compatibility with the microsponge matrix is a very essential parameter to be assured for its stability and effective drug delivery. 

Among the factors to consider, the following can be mentioned: 

• Solubility: The drug should be soluble in the solvent or polymer matrix chosen for proper distribution within the microsponge18. 

• Stability: The drug must be stable in the microsponge matrix, and should not degrade with time or upon storage. 
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• Interactions: The interactions of the drug with the polymer should be verified in order to prevent disorders like loss of 

effectiveness of the drug or even side effects.19. 

3.3. Additives and Stabilizers 

Role of Excipients in Microsponge Formulations 

Critical roles of excipients in the formulation of microsponges: 

• Stabilization: The structural integrity of the microsponges with the help of the excipients also helps in avoiding the ugly 

degradation of the drug. 

• Release Profile Control: The rate of release of the drug can be altered by additives through manipulations of the porosity and 

permeability of the microsponge matrix. 

• Improvement of Drug Loading: Some excipients may exert better encapsulation efficiency in the drug, thereby ensuring a 

higher amount of the drug loaded in the microsponge.20. 

Examples of Stabilizers and Their Effects 

• Antioxidants: These are compounds that include ascorbic acid and tocopherol and prevent oxidative degradation of sensitive 

drugs. 

• Preservatives – Benzyl alcohol or phenoxyethanol is added to check microbial growth and prevent decreased preservation of 

the formulation. 

• Plasticizers: Dibutyl phthalate or triethyl citrate are added to improve the flexibility and stability of the polymer matrix, making 

sure the structure of microsponge is intact during processing and application. 

• Thickeners and Gelling Agents: These are substances such as carbomers or xanthan gum that can be applied to improve the 

consistencies and drug application properties of topical microsponge formulations20. 

4. Formulation Parameters and Optimization 

4.1. Polymer Concentration and Composition 

Effects on Microsponge Properties 

• Mechanical Strength and Stability: This is based on the concentration and composition of the polymers. At a general level, 

higher concentrations yield more mechanically strong and stable microsponges. Lower concentrations give rise to weaker structures 

that collapse or disintegrate easily. 

• Drug Release Rate: It is the polymer composition that changes the rate of drug release from the microsponge matrix. Higher 

molecular weight polymers or those with special functional groups can retard a drug's release, while lower molecular weight 

polymers might accelerate it. 

• Porosity and Morphology: With different types and concentrations of polymers, the porosity and morphology of microsponges 

vary. For example, hydrophobic polymers are capable of forming more closed and less porous structures, while hydrophilic polymers 

lead to the formation of more open and porous microsponges21. 

Optimization Strategies 

• Polymer Blending: Different polymers may be blended to achieve a viable balance between properties such as mechanical 

strength and drug release. This means, for example, a blend of hydrophobic and hydrophilic polymers would be porosity-tailored in 

the control of the release rate. 
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• Design of Experiment: Through response surface methodology or factorial design, one can systematically evaluate the effect 

of different concentrations and compositions of polymers on the properties of microsponges and their formulation21. 

4.2. Drug Loading and Encapsulation Efficiency 

Methods for Increasing Drug Loading 

• Solvent Evaporation Technique: The drug loading can be improved by increasing the concentration of drug in the solvent. 

This will need balancing at the solubility limits for both the drug and the polymer matrix. 

• Co-solvents and Additives: One can increase the drug loading by using co-solvents or additives that enhance the drug's 

solubility. For example, surfactants or solubilizers enhance the dissolution of poorly soluble drugs. 

• Precipitation Methods: Antisolvent precipitation, among others, could be used in increasing the drug loading by precipitating 

drugs in the microsponge matrix during its fabrication process22. 

Techniques for Enhancing Encapsulation Efficiency 

• Process parameter optimization: During fabrication, process parameters can be modulated, like temperature, stirring speed, 

and the rate of evaporation of the solvent used, to bring about an increase in the encapsulation efficiency through better dispersion 

and incorporation of the drug. 

• Polymer Selection: Polymers that have a high affinity to the drug would result in good encapsulation. If there is strong 

interaction between polymers and the drug, it can hold more of the drugs within the microsponge. 

• Pre-Formulation Studies: Running a few pre-formulation studies with respect to drug-polymer compatibility and solubility 

would provide a lead into the selection of optimum conditions toward better encapsulation efficiency23. 

4.3. Particle Size and Distribution 

Impact on Drug Release and Skin Penetration 

• Drug Release: The drug-release rate from microsponges is influenced by particle size. The smaller the particles, the greater the 

surface area-to-volume ratio, which may result in fast drug release. Alternatively, larger particles may allow more control over drug 

release. 

• Skin Penetration: Smaller size particles would penetrate the skin to a greater extent than larger size particles in topical 

applications. Proper control of the size of particles may improve the therapeutic effect, which could be attained by proper delivery 

to the target site within the skin.24. 

Methods for Controlling Particle Size 

• Adjustments in fabrication parameters: Many parameters, such as the concentration of the surfactants used, speed of stirring, 

and the rate of solvent evaporation at the time of fabrication, may be adjusted to arrive at the desired particle size. For example, 

with higher stirring speeds, usually smaller particles can be obtained. 

• Additive use: Additives can be used to introduce additional functionality, for example, as a stabilizer or anti-agglomerant to 

control particle size and prevent agglomeration during the manufacturing process. 

• Post-processing techniques: These particles, after fabrication, can be sorted according to desired size ranges by techniques like 

sieving or classification. Particle size distribution can be further assessed and controlled by means of laser diffraction or dynamic 

light scattering techniques24. 
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4.4. Pore Size and Structure 

Influence on Drug Release Rates 

• Controlled Release: In general, the release rate of drugs from microsponges is governed by their pore size and structure. As a 

rule, the larger the pores, the faster the release of drugs; on the other hand, small pores reduce drug diffusion and, thus, slow it down. 

• Modification of release profile: The pore size could be varied depending on the required release profile. For example, it would 

give a slow sustained release for smaller pores and a fast release for larger pores. 

Techniques for Modifying Pore Structure 

• Fabrication Parameters: Changes to parameters such as polymer concentration, type of solvent, conditions of evaporation at 

the time of fabrication, etc., may have an effect on pore size and structure. For example, higher polymer concentrations result in the 

formation of smaller and more tightly packed pores. 

• Chemical Treatments: This technique involves various post-fabrication chemical treatments, which could modify the pore 

structure of a scaffold. Cross-linking agents would make the pores more stable and homogeneous. Etching has the effect of enlarging 

any existing pores. 

• Template Removal: In the template methods, for example, polymer sphere or particle methods, the removal of template material 

may result in pores of controlled size and structure. The choice of template and the conditions for its removal are very important for 

generating the desired characteristics of pores25. 

Microsponge formulation optimization deals with stringent control of parameters such as polymer concentration, drug loading, 

particle size, and pore structure. These characteristics interact to affect each of the parameters, producing an overall effect on the 

performance of the microsponge system in terms of drug release rates, stability, and efficacy. 

5. Characterization of Microsponge Formulations 

5.1. Physical and Chemical Characterization 

o Morphology (e.g., SEM, TEM) 

o Thermal analysis (e.g., DSC, TGA) 

5.2. Drug Release Studies 

o In vitro release testing methods 

o Release kinetics and modeling 

5.3. Stability Studies 

o Shelf-life and storage conditions 

o Stability testing methodologies 

5. Characterization of Microsponge Formulations 

5.1. Physical and Chemical Characterization 

1) Morphology (e.g., SEM, TEM) 

• Scanning Electron Microscopy: SEM studies the surface morphology and structure of microsponges. High-resolution images 

of the external features like the surface texture, pore size, and uniformity of microsponges can be delivered by this technique. This 
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method is able to highlight some important information about particle size distribution and any defects or irregularities on the 

surface. 

• Transmission Electron Microscopy: TEM can demonstrate the internal structure of microsponges, with their inner pores and 

how drugs are distributed inside the polymer matrix. This becomes very handy in visualizing the nanometric features of 

microsponges for a better understanding of their internal structure26. 

2) Thermal Analysis (e.g., DSC, TGA) 

• Differential Scanning Calorimetry: DSC is utilized for studying thermal transitions like the melting points, glass transition 

temperatures, and crystallization behaviour of microsponges. This analysis provides data for the thermal properties of polymers and 

drugs and their possible interactions. 

• Thermogravimetric Analysis: TGA measures weight changes with a rise in temperature of the microsponge. These techniques 

give information about the thermal stability, temperature of decomposition, and moisture content. It provides information regarding 

the stability of the polymer matrix to temperature and the drug27. 

5.2. Drug Release Studies 

1) In Vitro Release Testing Methods 

• Diffusion Cell Method: Diffusion of drug from microsponge will be determined by application to a Franz diffusion cell or an 

equivalent system. The microsponges will be placed in the donor compartment, and the release measured over time in the receptor 

compartment containing a suitable release medium. This will provide information about the rate and extent of drug release. 

• Dialysis Method: This involves the microsponges incorporation within a dialysis membrane which is then immersed in a release 

medium. The drug release across the membrane can then be followed with time. It is particularly useful for studying the release of 

drugs that precipitate or degrade easily. 

• USP Apparatus: United States Pharmacopeia USP provides standard methods of drug release testing using basket or paddle 

apparatus. The methods are in a way that microsponges are put into a rotating basket or paddle contained inside a drug release 

medium with quantification of the drug at specific time intervals28. 

2) Release Kinetics and Modeling 

• Zero-Order Kinetics: The model considers the rate of the release of the drug to be constant at all times and bears no relation to 

the drug's concentration. The model is often used in describing sustained-release formulations in which the drug is released at a 

steady rate. 

• First-Order Kinetics: This involves a model of drug release that is proportional to the remaining drug concentration. The 

application is found in formulations where the release rate decreases with time as the drug becomes depleted. 

• Higuchi Model: This is a model based on Fickian diffusion and describes the release of a drug from a matrix as a function of 

square root time. It can be successfully applied in understanding the release that is controlled by diffusion from microsponges. 

• Korsemeyer-Peppas model: This is an empirical model used in analyzing data of drug release from a complex system, such as 

those involving swelling or erosion mechanisms. It allows for the determination of the release mechanism, whether by diffusion, 

erosion, or their combination29. 

5.3. Stability Studies 

1) Shelf-Life and Storage Conditions 

• Shelf life: It is the period over which the microsponge formulation retains its quality and efficacy, when stored under specified 

conditions. This relates to the determination of drug release, physical appearance, and changes in chemical stability with time. 
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• Storage Conditions: The stability studies are to include storage of microsponges under different conditions of temperature, 

humidity, and light irradiation. The effects of these conditions on the physical and chemical characteristics of the microsponges 

need to be followed to determine the optimized storage conditions and proof for long-term stability of the product30. 

2) Stability Testing Methodologies 

• Accelerated Stability Testing: The microsponges are stored at higher temperatures and humidity conditions, which in a short 

period imitate the real conditions of product storage. This test allows for the prediction of the formulation stability and its shelf-life. 

• Real-Time Stability Study: It involves storing microsponges under ordinary storage conditions and monitoring them for their 

changes over a long period. It provides more accurate data about the actual shelf-life of the formulation. 

• Stress Testing: This method involves exposing the microsponges to temperature, humidity, or light extremes to establish their 

stability and identify any degradation pathways. 

• Analytical Techniques: HPLC, UV-Vis spectroscopy, and FTIR are some techniques conducted on microsponges to determine 

the stability of the drug and the polymer. These methods detect chemical changes, degradation products, or interactions that may 

affect the formulation's stability31. 

The characterization of a microsponge formulation is performed through the physical and chemical properties, drug-release profile, 

and stability. Combination of techniques imparts a deep understanding of performance and reliability in the delivery of drugs by 

microsponges. 

6. Applications of Microsponge-Based Drug Delivery System 

 

Figure 9: Application of microsponges in different drug delivery systems 

6.1. Topical Drug Delivery 

Dermatological Applications 

• Acne Treatment: Microsponge-based systems are used for the delivery of acne medications like benzoyl peroxide, salicylic 

acid, and the retinoids. This will not only provide a controlled release of the medicament but also a more targeted delivery to reduce 

irritation and enhance effectiveness due to the maintenance of a constant level of active ingredients. 

• Anti-Aging Products: In dermatological applications, microsponge formulations are used in antiaging creams for delivering 

compounds like retinoids or peptides. This controlled release of these ingredients in such delivery vehicles makes it possible to 

reduce wrinkles and maintain skin texture over time. 
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• Wound Healing: Microsponge-based products are used for wound healing to deliver drugs promoting tissue repairing and 

regeneration. This technology allows for sustained release of growth factors, antibiotics, or anti-inflammatory agents that help in 

the process of healing.32. 

 

Figure 10: Mechanisms of drug release from topical microsponges3 

Table 1: Drug candidates explored using microsponge delivery systems for dermatological and cosmetic applications33, 34, and 

35 

Sr. No. Drug candidates Formulation 

type 

Cosmetic and dermatological applications 

1 Fluocinoloneacetonide Gel Skin inflammation 

2 Mupirocin Emulgel In both primary and secondary skin infections 

3 Fluconazole Gel Antifungal 

4 Silver sulfadiazine Gel Burn wounds with a partial thickness 

5 Oxybenzone Gel Sunscreen 

6 Terbinafne Gel Fungicidal (hair and skin infection) 

7 Paeonol Cream Anti-inflammatory and anti-melanin activity 

Advantages in Topical Formulations 

• Controlled Release: With the help of Microsponge technology, it avoids frequent applications of the active ingredient and, 

therefore, minimizes side effects, allowing only a controlled and sustained release of the active ingredients. 

• Enhanced Stability: This encapsulation of active ingredients in microsponges enhances their stability by shielding them from 

degradation by the environment—light, heat, or oxygen. 

• Less Irritation: It is because a microsponge-based system offers better control over the delivery of the drug, which in turn 

reduces irritation to the skin and increases patient compliance, especially for sensitive skin conditions. 

• Enhanced penetration: The microsponge matrix can enhance drug penetration through the skin and thus increase the efficacy 

of topical treatments32. 

6.2. Oral Drug Delivery 

Challenges and Solutions 

• Drug Stability: One of the key problems related to oral drug delivery is the instability of the drug in the GI. Thereby, 

microsponge technology might assist in drug stability by preventing its interaction with acidic conditions and enzymatic degradation, 

therefore promising improved bioavailability. 
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• Controlled release: It is highly challenging to realize controlled and prolonged release of drugs in the GIT. Thus, microsponge 

formulations open an avenue that plays a vital role in modulating drug release, thus prolonging the duration of its therapeutic action 

and reducing the dosing frequency. 

• Taste Masking: For orally administered drugs in which the taste is unpleasant, microsponge systems help in the taste-masking 

technique and improve patient compliance. This comes particularly in the cases of pediatric or geriatric populations with lower 

compliance.36. 

Table 2: Drug candidates explored using microsponge delivery systems for oral drug delivery37 

Benefits of Microsponge Technology in Oral Delivery 

• Enhanced Bioavailability: Microsponge systems can act for both the soluble and poorly soluble drugs and enhance the 

dissolved drug by controlling the drug release and improving release and bioavailability in the GIT. 

• Reduced Side Effects: By targeting drug release to specific areas within the gastrointestinal tract, microsponge technology can 

help in reducing systemic side effects and improving overall therapeutic outcomes. 

• Prolonged Drug Action: Oral formulations from these minimized microsponges result in prolonged drug action, thereby 

reducing dosing frequency and hence enhancing the convenience of the patient38. 

 

Figure 11: Drug release mechanisms from microsponges for an oral drug delivery system3 

 

 

Sr. No. Active Ingredient Type of Preparation Application 

1 Ketoprofen Microsponge-based capsule Anti-inflammatory, pain relief 

2 Chlorpheniramine maleate Microsponge-based tablet Antihistamine, allergy 

treatment 

3 Ibuprofen Microsponge-based capsule Pain relief, anti-inflammatory 

4 Dicyclomine hydrochloride Microsponge-based tablet Antispasmodic, gastrointestinal 

relief 

5 Flurbiprofen Microsponge-based capsule Anti-inflammatory, pain relief 

6 Tizanidine hydrochloride Microsponge-based tablet Muscle relaxant, spasticity 

treatment 
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6.3. Other Routes of Administration 

Examples of Less Common Applications 

• Intranasal Delivery: Microsponge systems are being researched for intranasal delivery of drugs for diseases mediated through 

pathways such as allergies or nasal congestion. This microsponge matrix is valuable in extending the residence time of the drug in 

the nasal cavity, thus improving therapeutic efficiency39. 

• Inhalation Delivery: Microsponge technology in inhalation formulations may be used for delivery against respiratory diseases 

such as asthma or COPD. The microsponge system supports controlled release and thus lung-specific delivery of those drugs for 

better efficiency of therapy40. 

• Intravaginal Delivery: Microsponge-based systems have been explored for intravaginal formulations in the delivery of 

hormones or contraceptives. It allows control over release and action at the site, thus minimizing systemic side effects and enhancing 

therapeutic outcomes41. 

• Ocular Delivery: Microsponge formulations can, in this context, be employed for ocular drug delivery through a controlled 

release of medications meant to treat conditions such as glaucoma and dry eye syndrome. The microsponge matrix prolongs the 

contact time with the ocular surface, and therefore, the drug absorption and its effectiveness are enhanced 42. 

Microsponge-based drug delivery systems offer a wide range of applications across different routes of administration. Their ability 

to provide controlled release, enhance stability, and improve patient compliance makes them a valuable tool in various therapeutic 

areas. 

7. Challenges and Future Directions 

7.1. Current Challenges in Microsponge Formulation 

1) Technical and Formulation-Related Issues 

• Scalability: Scaling up of microsponge production process from the laboratory scale to the industrial one is quite a problem. 

Ensuring quality, reproducibility, and efficiency during large-scale production is an issue to be solved if microsponge formulations 

are to become commercially viable. 

• Complexity of Formulation: Any microsponge formulation is per se complex in design for meeting therapeutic requirements. 

This would require correct selection of polymers based on drug-polymer interaction studies and research and development for 

optimization of the release profile. 

• Loading and Encapsulation Efficiency of the Drug: High drug loading and encapsulation efficiency combined may be 

challenging to achieve, as this may interfere with the specifications put forth for the characteristics of release. This becomes 

specifically very difficult for those drugs which have poor solubility or stability. 

• Stability and Shelf-Life: The stability of the microsponge formulation over the time factor often proves to be a problem in both 

microsponge and drug stability, hence requiring studies on long-term stability that would guarantee shelf-life and prevent 

degradation43. 

2) Regulatory Considerations 

• Approval Process: The approval process with regulatory authorities for the microsponge-based drug delivery system could be 

more elaborate as it is a new technology. Extensive clinical and preclinical studies may have to be conducted for proving the safety, 

efficacy, and consistency of formulation. 

• Quality Control: Stringent quality control should be implemented to get uniformity and reliability in microsponge formulation. 

Regulatory agencies may require detailed documents with validation for various manufacturing procedures and the quality control 

scheme. 
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• Labeling and Claims: The requirements for labeling and claims are usually rigorous. Each claim pertaining to the efficacy, 

safety, and benefits of microsponge formulations must have a proper justification based on clinical and scientific rationale43. 

7.2. Emerging Trends and Innovations 

Advances in Formulation Techniques 

• Integration of Nanotechnology: In the development of microsponge formulation, nanotechnology is getting more and more 

sophisticated, which can aid carrying and delivery of a drug much more effectively. Nanoparticles can be easily integrated into 

microsponge systems to improve drug loading, targeting, and release profiles. 

• Smart Delivery Systems: Development of smart microsponge systems in response to environmental triggers like pH or 

temperature is a forthcoming trend. Such systems can give tighter and more appropriate control of drug releases in actual 

physiological conditions to achieve better therapeutic results. 

• Biodegradable polymers: These have applications in a variety of microsponge formulations. The latter kind makes the 

microsponge system both safe and biocompatible because they ultimately degrade into absolutely nontoxic by-products. 

• Multifunctional Systems: Researchers are studying multifunctional microsponge systems that can deliver the drug and be 

functional in another capacity, such as imaging or diagnostic capability. This would therefore provide an integrated treatment and 

monitoring facility44. 

Future Research Areas and Potential Applications 

• Personalized Medicine: Microsponge technology can be very instrumental in delivering almost made-to-order dosage regimens 

to the patients' variability of their drug requirement. Research in patient-specific formulations will lead to an increase in therapeutic 

efficacy while cutting down the associated side effects. 

• Combination Therapies: Such microsponge systems could be developed for use in combination therapies—administering two 

or more drugs or other therapeutic agents at a time—to treat complex diseases at hand, like in the cases of cancer or multi-drug-

resistant infections. 

• Advanced Characterization Methods: New characterization techniques need to be developed for establishing behaviour and 

performance of microsponge formulations. Novel imaging techniques, real-time monitoring methods, and molecular analysis could 

give insight into the mechanisms of drug release process and formulation stability. 

• Regenerative Medicine: It is an area of simple excitement for future research: the application of microsponge technology to 

regenerative medicine, such as tissue engineering or stem cell delivery. Such microsponge systems could therefore be used for the 

controlled delivery of growth factors or cells to help tissue repair and regeneration44. 

Although there are formidable challenges associated with microsponge formulation, such as technical, formulation, and regulatory 

problems, continued advancements and innovations at present lay open avenues for application in the future. Potential trends of 

integration with nanotechnology, smart delivery, and personalized medicine still show promise to further boost efficacy and 

versatility for microsponge-based delivery systems. 
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8.   SUMMARY 

 

Sr. 

No. 

Method 

 

Technique Advantages Limitations Applications 

1 Emulsion-Based 

Methods 

Solvent 

Evaporation 

- Simple and cost-

effective 

- Good control over 

particle size 

 

 

- Residual solvent 

issues 

- Potential drug 

degradation 

during solvent 

removal 

- Topical creams for 

acne treatment 

- Controlled release 

formulations 

Phase Inversion - High drug loading 

capacity 

- Suitable for heat-

sensitive drugs 

- Complex 

process 

parameters 

- Difficult to scale 

up 

- Sunscreens and anti-

inflammatory gels 

- Transdermal patches 

2 Polymerization 

Techniques 

Suspension 

Polymerization 

- High production 

yield 

- Good control over 

particle size 

distribution 

- Use of initiators 

and surfactants 

-Post-synthesis 

purification 

needed 

- Oral controlled release 

tablets 

- Targeted drug delivery 

systems 

 

 

Emulsion 

Polymerization 

- Uniform particle 

size 

- High drug 

encapsulation 

efficiency 

- Requires 

multiple steps 

- Use of organic 

solvents 

- Injectable depots for 

sustained release 

- Microsponge-based 

antibiotics 

3 Electrospinning  - Produces 

nanofibers with 

high surface area 

- Good control over 

fiber diameter and 

morphology 

- Suitable for 

incorporating 

thermally sensitive 

drugs 

- Equipment and 

process 

complexity 

- Limited to 

polymers that can 

be electrospun 

- Difficult to 

achieve uniform 

drug distribution 

within fibers 

- Wound dressings 

- Nanofiber scaffolds for 

tissue engineering 

- Drug-loaded 

nanofibers for localized 

therapy 

4 Other 

Techniques 

 
 

 

Spray Drying - Rapid and 

scalable 

- Suitable for heat-

sensitive and 

solvent-sensitive 

drugs 

- Produces dry 

powders directly 

- Requires careful 

control of process 

conditions 

- Limited control 

over particle size 

- Potential for 

drug degradation 

- Dry powder inhalers 

- Oral and nasal delivery 

systems 

- Encapsulation of 

vitamins and probiotics 

Supercritical Fluid 

Technology 

-Environmental 

friendly (no 

residual solvents) 

- Good control over 

particle size and 

morphology 

 - Enhanced drug 

solubility and 

stability 

- High equipment 

and operational 

costs 

- Complex and 

requires expertise 

- Limited 

availability of 

suitable 

supercritical 

fluids 

- Preparation of micro 

particles for drug 

delivery 

- Formulation of poorly 

water-soluble drugs 

- Development of 

controlled release 

formulations 
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9.   CONCLUSION: 

Microsponge-based drug delivery systems thus form one great breakthrough ever to be offered to the world of pharmaceutical 

technology; it is the most versatile and effective approach for enhancing drug delivery via different routes of administration. 

Microsponge formulations, through their ability to provide controlled and sustained release, address several challenges associated 

with traditional approaches for drug delivery, including stability, irritation, and dosing frequency. 

The microsponge technology has undergone significant development with its various methods of fabrication, such as emulsion-

based techniques, polymerization processes, and electrospinning, which have contributed to the finesse of these systems. There are 

three major key components of a microsponge formulation: polymers, active pharmaceutical ingredients, and stabilizers, each 

playing a very critical role in the efficacy and performance of the formulation. 

Though much progress has been made, a number of challenges still exist related to scalability, formulation complexity, stability, 

and regulatory considerations. All these challenges need to be addressed for the successful commercialization of microsponge-based 

systems and their large-scale adoption. 

This could take another turn with the trends or innovations that are emerging in the incorporation of nanotechnology, developing 

smart delivery systems, and biodegradable polymers. Research that has targeted personalized medicine, gene combination therapies, 

and regenerative medicine only serves to illustrate the beginning of the potential for microsponge technology to make a difference 

in a range of therapeutic areas. 

In the final analysis, microsponge-based delivery technologies have bright prospects for improving treatment efficacy and 

compliance in a wide range of applications. Much more research and development need to be done in order to overcome existing 

challenges for the accomplishment of microsponge technology with respect to drug delivery in the near future. 
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