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ABSTRACTION 

Microsponge-loaded gels offer controlled, localized 

dermal distribution by combining semi-solid 

gel/emulgel carriers with porous polymeric 

microspheres, or microsponges. Gels, particularly 

hydrogels and emulgel based on carbopol, offer a 

practical, non-greasy carrier that enhances contact 

time and patient acceptability; microsponges serve 

as reservoirs that regulate drug release, lessen 

irritation and systemic exposure, and enhance 

aesthetic qualities. With specific examples from the 

papers you uploaded, this review highlights the 

following topics: relevance of skin structure, 

definition and fabrication of microsponges, 

important process variables and characterization 

techniques, drug-release mechanisms and 

modeling, gel/hydrogel preparation, common 

polymers/excipients, examples from recent 

formulation studies, benefits over traditional topical 

forms, and safety/translation considerations. 
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I. INTRODUCTION 
Microsponge is a novel drug delivery 

system which is defined as porous, tiny polymeric 

microsphere ranging from 5-300µ in size with 

interconnecting voids and porous surface within a 

rigid structure, which can entrap different kind of 

material and designed to deliver at low dose by 

modifying the release profile with enhanced 

stability.(1–3) 

Hydrogels are polymer-based structures 

that are in a three-dimensional structure, formed 

through physical or chemical cross-linking of 

water-soluble polymer chains.Hydrogels are a 

category of material that has extensive applications 

in the field of skin regeneration. Hydrogels may be 

synthesized using different means, such as 

radiation, freeze–melting, or chemical reactions. 

Hydrogels are commonly referred to as "reversible" 

or "physical" gels.(4) 

 

STRUCTURE OF SKIN 

Skin is a multilayered organ which is also 

known as Cutaneous membrane.(5) It is the largest 

organ of human body both in surface area about 

1.5-2 m² and weight about 4.5-5kg for adult with 

various glands such as sweat gland, sebaceous 

gland, hair and nail. Skin serves as a protective 

barrier for internal organs from various external 

environments such as heat, radiation, microbes 

etc.(6) 

 
Figure 1 Structure of skin 
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MICROSPONGE 

The microsponge size ranges from 5-300µ 

and having pore size of 0.25µ which is less than 

size of various microorganism, hence help to 

prevent microbes’ penetration and called as self-

sterilizing. Microsponge are prepared by various 

method like quasi emulsion solvent diffusion 

method, liquid-liquid suspension polymerization 

method, emulsion solvent diffusion method, 

lyophilization etc with different polymer like 

Eudragit RS 100, ethyl cellulose.(7) 

 

 

 

Why microsponges for topical delivery? 

Topical delivery targets the stratum 

corneum (SC), viable epidermis and sometimes 

upper dermis while avoiding systemic exposure. 

The SC is the principal barrier: a brick-and-mortar 

of corneocytes in a lipid matrix. Effective topical 

systems must (a) deliver and retain drug at/near 

SC/epidermis, (b) control release to avoid burst and 

irritation, and (c) be cosmetically acceptable to 

ensure compliance. Microsponges are sized 

(typically 5–300 μm) so they remain on the surface 

and in the superficial skin layers, not penetrating 

past SC, which helps localize the drug and reduce 

systemic absorption.(1) 

 
Figure 2 Structure of microsponge 

 

Advantages(1) 

 Product stability and shelf life can be extended 

without preservatives. Bacteria are too large to 

enter the microsponge. 

 Provide extended drug release, decrease the 

frequency of dosing. 

 Stable for high temperature (up to 130º C) and 

wide ph range (1-11) 

 The highly divided structure of microsponges 

creates a large internal surface area. As a 

result, they have a strong load-bearing 

capacity. 

 Liquids can be turned into free-flowing 

powder, which helps with material handling.  

 Microsponges improve the complexity of the 

formulation. 

 

Method of preparation(2,7) 

Quasi-emulsion solvent diffusion (most common) 

 Principle: polymer + drug dissolved in volatile, 

water-immiscible organic solvent (internal 

phase) is dispersed into an aqueous phase 

containing stabilizer (PVA, Gelucire, Tween). 

Solvent diffuses/evaporates → polymer 

precipitates forming porous microspheres. 

 Typical solvents & additives: dichloromethane 

(DCM), acetone, ethanol; triethyl citrate (TEC) 

as plasticizer. Process conditions (stirring 
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speed/time, organic solvent volume, surfactant 

type/conc., drug:polymer ratio) influence 

particle size, porosity, entrapment efficiency 

(EE%) and release. Numerous studies in your 

files used this method successfully (acyclovir, 

fluconazole, clobetasol, herbal microsponges). 

 

 Modified quasi-emulsion / solvent evaporation 

variants 

 Variations adapt for hydrophilic actives (e.g., 

W/O/W double emulsions) or to change 

porosity by altering solvent diffusion rate. 

Silver sulfadiazine and other ionizable drugs 

have used modified double emulsion 

approaches. 

 

 
Figure 1 Microsponge Preparation 

 

 

Characterization of microsponges(8,9) 

 Morphology: SEM to confirm spherical, 

porous structure.  

 Particle size / distribution: laser diffraction or 

sieving.  

 Porosity / surface area / pore size: BET 

analysis / NLDFT as performed for lornoxicam 

microsponges.  

 Thermal / solid state: DSC/TGA/XRD/FTIR 

to assess drug crystallinity and compatibility. 

Example: acyclovir microsponges underwent 

DSC and FTIR analyses to confirm drug state 

and lack of major interactions.  

 Entrapment efficiency (EE%) & drug 

loading: essential for dose calculation; 

frequently optimized using DoE.  

 

Drug release mechanisms from microsponges & 

kinetic modeling 

 Diffusion from porous network: most 

common (Fickian diffusion). Many systems 

best fit Higuchi or Korsmeyer–Peppas models 

with n values indicating Fickian diffusion (n ≲ 

0.43 for spheres) — e.g., clobetasol and 

acyclovir systems. 

 Anomalous / mixed transport: combined 

diffusion + erosion or polymer relaxation; 

lornoxicam microsponge gel showed mixed-

mode behavior in one study (Higuchi fit 

moderate; mixed mechanisms suggested).  

 Zero-order release possibility: possible when 

formulation design creates nearly constant 
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release (some Eudragit systems showed nearly 

zero-order behavior).  

 Initial burst: due to drug 

adsorbed/precipitated on microsponge surface 

(can be mitigated by process control).  

 

HYDROGEL(4) 

Hydrogels are polymer-based structures 

that are in a three-dimensional structure, formed 

through physical or chemical cross-linking of 

water-soluble polymer chains.Hydrogels are a 

category of material that has extensive applications 

in the field of skin regeneration. Hydrogels may be 

synthesized using different means, such as 

radiation, freeze–melting, or chemical reactions. 

Hydrogels are commonly referred to as "reversible" 

or "physical" gels 

 

 
Figure 4 Hydrogel 

 

Typical gel excipients & their roles 

 Carbopol 934/940 (carbomer): thickening, 

mucoadhesion, neutralization (TEA) controls 

viscosity/pH. 

 Gelling alternatives: HPMC, xanthan, natural 

polymers — chosen for rheology, 

biocompatibility and release profile.  

 Penetration enhancers: isopropyl myristate, 

Transcutol P — often used in emulgels to aid 

permeation. 

Advantage 

 Excellent bioadhesivity and good elasticity. 

 Biocompatibility and biodegradability. 

 Provide optimum moisture condition favors 

wound healing. 

 Serve as a temporary matrix during the re-

epithelialization and rebuilding of chronic 

wounds 

 It can incorporate different kind of material 

like antimicrobial, drug, supplemental 

biomolecules etc 

 

ADVANTAGES OF MICROSPONGE-GEL VS 

CONVENTIONAL TOPICAL 

FORMULATIONS(8,10,11) 

1. Controlled / sustained release — reduces 

dosing frequency and stabilizes local drug 

levels. 

2. Reduced irritation & systemic absorption — 

reservoir behavior and limited penetration 

beyond SC.  

3. Improved skin retention & efficacy — ex 

vivo/in vivo studies show higher epidermal 

deposition and better therapeutic outcome in 

several disease models. 

4. Cosmetic acceptability — gels and emulgels 

are non-greasy and easily spread, improving 

compliance.  

5. Formulation flexibility — microsponges can 

be integrated into gels, creams, powders or 

sunscreens enabling diverse applications.  

 

APPLICATION OF MICROSPONGE GEL(7) 

To treat skin infection. 

Skin infections caused by different 

bacteria are a serious problem that threatens human 

health. Mupirocin is a topical antibiotic used to 

treat skin infections. It is the preferred medication 

for reducing inflammation. This drug binds to the 

enzyme isoleucyl-tRNA synthetase in bacteria and 

inhibits the production of bacterial proteins. 

 

Microsponge gel for wound healing. 

Microsponges have been added to a gel 

that provides a suitable moist environment for 

managing wounds during the final stages of 

healing. The skin acts as a protective barrier, 

shielding the body from both intentional and 

accidental harm. Burn injuries are major causes of 

death and illness, and treating burns usually 

requires long hospital stays and rehabilitation. The 

main goal of burn wound therapy is to prevent 

infection and help the healing process. Silver 

sulfadiazine (SSD) is often used as an antibacterial 

treatment for burn wounds. The SSD products 

currently on the market are typically sold as a 1% 

w/w cream. However, these commercial SSD 

products have some drawbacks. They release the 

drug too quickly into the affected areas and require 

more frequent applications. Controlling the release 

rate of SSD can solve these problems and improve 

the drug's effectiveness. This can be done through a 

microsponge formulation. 
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Skin protection. 

Sunscreens protect against UV rays, which 

can cause sunburns and different kinds of cancer, 

including basal cell carcinoma and malignant 

melanoma. To improve their effectiveness, 

microsponges can be added to the formulas. Pawar 

et al. developed microsponges for applying 

Oxybenzone, a broad-spectrum sunscreen. They 

used the quasi-emulsion solvent diffusion method 

to create it. Oxybenzone, in both lotion and cream 

forms, can irritate the skin, cause dermatitis, and be 

absorbed systemically. The formulation showed a 

higher sun protection factor and less irritation and 

toxicity compared to products available on the 

market. The microsponge gel offered an SPF of 25, 

while the marketed lotion had an SPF of 20. This 

difference likely results from the slower release of 

the drug from the microsponge gel, which keeps 

oxybenzone in the skin longer. 

 

Antifungal microsponge formulation. 

The progression of a fungal infection can 

happen quickly and lead to serious risks because of 

a weakened immune system. Taking antifungal 

medication by mouth increases the chances of 

stomach irritation and other side effects. Therefore, 

topical treatment is a good choice for skin 

infections. This approach also provides advantages 

like delivering the medication directly to the 

infection site and reducing overall side effects. 

 

 

FUTURE ASPECTS 

Advanced polymer design and greener fabrication 

 Development of biodegradable and stimuli-

responsive polymers (pH-, enzyme-, 

temperature-sensitive) will allow more precise, 

on-demand drug release at pathological skin 

sites (e.g., infection → enzymatic degradation 

triggered release). 

 Replacement of volatile organic solvents 

(DCM, acetone) with green solvents or 

solvent-free technologies (supercritical fluid 

methods, spray drying) can enhance safety, 

scalability, and regulatory acceptance. 

 

Personalized and patient-specific topical therapy 

 Combining microsponge technology with 3D 

printing of gels or hydrogel patches may allow 

tailoring drug dose, pore size, and release rate 

for individual patients (e.g., psoriasis, atopic 

dermatitis). 

 Personalized formulations could also address 

variability in skin barrier function (dry, 

diseased, aged skin). 

 

II. CONCLUSIONS 
Microsponge-loaded gels are a robust, 

flexible platform for topical drug delivery that 

combine reservoir control (microsponges) with 

patient-friendly semi-solid vehicles 

(gels/emulgels). The uploaded formulation studies 

(fluconazole, acyclovir, lornoxicam, clobetasol and 

herbal sunscreens) consistently show improved 

skin retention, sustained release, satisfactory 

rheology and low irritation compared with 

conventional preparations — supporting further 

preclinical and clinical development for a range of 

dermal indications. 
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