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ABSTRACT 

A number of advancements have been made in the medication delivery system in order to 

accomplish the aims of improved efficacy and cost effectiveness in therapy. The microsponge 

drug delivery system, which provides controlled release and site specific administration of active 

components, is one of the most recent, innovative, and rapidly emerging technologies. 

Microspheres with a size range of 5-300m that are strongly crosslinked, porous, and polymeric. 

Due to qualities such as reduced side effects, increased stability, better formulation flexibility, 

and enhanced product performance, this system is emerging as an useful choice for topical drug 

administration. It has a wide range of uses in the administration of oral, topical, ophthalmic, and 

biopharmaceuticals. Microsponge technology is described in depth, including formulation 

techniques, assessment, programmable release mechanisms, and applications. 

Keywords: Microsponges; Controlled release; Quasi emulsion solvent diffusion; Programmable 

drug release; Oral administration; Topical drug delivery 

INTRODUCTION 

The skin was used as the entry portal for 

differential systems for systemic drugs in the 

transdermal delivery systems class. The 

scientists' biggest challenge right now is 
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regulating the rate at which active 

pharmaceutical ingredients are delivered to a 

predetermined location. The goal of the 

researcher was to develop a precise 

controlled release drug delivery system that 

would improve patient safety and adherence 

[1]. Microsponges Delivery System (MDS) is 

highly cross-linked, porous, polymeric 

microspheres that could entrap a wide range 

of APIs and then release them into the skin 

over time and in reaction to a trigger. They 

range from 5-300 µm in diameter and a 

typical 25 µm sphere can have up to 250,000 

pores and an internal pore structure of 

equivalent to 10 feet in length, giving a total 

pore volume of approximately 1 ml/g for 

extensive retention of the drug. The surface 

can vary from 20 to 500 m/g and 2 pore 

volumes of 0.1 to 0.3 cm / g. This creates a 

large reservoir within 3 microsponges, which 

can be loaded with active ingredients up to 

their own weight [2, 3, 4]. 

Microsponges are porous microsphere-based 

polymeric delivery devices. They are 

spherical sponge-like particles with a porous 

surface. Furthermore, they may improve drug 

stability, minimize adverse effects, and 

positively alter drug release. Microsponge 

technology offers several advantages that 

make it a useful drug delivery mechanism. 

Microsponge Systems are made up of 

microscopic polymer-based microspheres 

that can suspend or entrap a wide range of 

components before being integrated into a 

manufactured product like a gel, cream, 

liquid, or powder. MDS can effectively boost 

the effectiveness of topically active drugs 

while also improving their safety, product 

stability, and cosmetic characteristics [5]. 

History of Microsponge 

Microsponge technology was developed by 

Won in 1987 and the original patents were 

granted to Advanced Polymer Systems, Inc. 

This company has developed many variations 

of the procedures and these are applied to 

both cosmetics and over-the-counter (OTC) 

products and prescription medicines. 

Currently, this exciting technology is 

licensed to Cardinal Health, Inc., for use in 

topical products. Scanning electron 

microscopy of the microsponge particle 

reveals that the internal structure is the "bag 

of beads". The interstitial pores formed due 

to spaces between the beads and can entrap 

much wide range of active ingredients such 

as emollients, fragrances, essential oils, 

sunscreens, anti-infective and anti-

inflammatory agents [6, 7]. 

Advantages of microsponge drug delivery 

systems: [8, 9] 

 Enhanced product performance. 

 Extended release. 
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 Diminish irritation and hence 

enhanced patient  

 Compliance. 

 Improved product elegancy. 

 Allows for novel product forms.  

 Improves efficacy in treatment.  

 Cure or control confirm more 

promptly.  

 Improve control of condition.  

 Improve bioavailability of same drugs  

 Flexibility to develop novel product 

forms. 

 Non-irritating, non-mutagenic, non-

allergenic and non-toxic 

 Improves thermal, physical and 

chemical stability  

 Allows incorporation of immiscible 

products.  

 Improves material processing e.g. 

liquid can be converted to powders 

Limitations: [10, 11] 

The use of organic solvents has hazards such 

as toxicity and flammability. Traces of 

residual monomers in the bottom-up 

approach can be toxic and harmful to health. 

However, these limitations can be overcome 

by suitable measures for quality control in 

connection with the optimization and 

standardization of processes e.g. post-

manufacturing washing. 

Potential aspects of microsponge drug 

delivery system: [12-14] 

 Shows acceptable stability over pH 

ranging from 1 to 11 and at high 

temperatures (up to130°C). 

 Shows compatibility with various 

excipients and solvents. 

 Entrapment efficiency found up to 50 

to 60%. 

 Characterized by free flowing 

properties. 

 They do not need sterilization or 

addition of preservatives because 

average pore size of microsponges is 

very small (0.25 µm) to prevent the 

penetration of bacteria, 

 Non-allergenic, non-irritating, non-

mutagenic and non-toxic. 

 Absorbs oil up to 6 times their weight 

without drying 

Characteristics of active agents that is 

entrapped in microsponges: [15, 16] 

 Either fully miscible in monomer as 

well or capable of being made 

miscible by addition of small amount 

of awater immiscible solvent. 

 Should not increase the viscosity of 

the mixture during formulation and 

inert to monomers. 

 Water immiscible or nearly slightly 

soluble. 
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 The microsponges' spherical structure 

should not collapse. 

 In conditions of polymerization it 

should be stable in contact with 

polymerization catalyst. 

 The vehicles will deplete the 

microsponges before the application, 

if the solubility of actives in the 

vehicle is not limited. 

 Cosmetic problems can be avoided by 

using not more than 10 to 12% w/w 

microsponges incorporated into the 

vehicle. 

 The payload and polymer design of 

the active microsponges must be 

adjusted for the desired release rate 

during a particular time period. 

 Microsponge-entrapped ingredients 

can subsequently be used in a variety 

of products, including creams, gels, 

powders, lotions, and soaps. 

Beneficial compared to other 

pharmaceutical formulations: 

A) Beneficial over conventional 

pharmaceutical formulations:  

As a topical drug delivery technique, semi-

solid or biphasic liquid systems are 

commonly used. They release the drug into 

the epidermis, which is the top layer of the 

skin. The drug was released quickly in these 

traditional formulations, and it may have 

absorbed and accumulated in the epidermis 

and dermis layers of the skin. The drug's high 

concentration causes adverse effects, 

inflammation, and toxicity. With the 

microsponge drug delivery method, these 

issues are no longer an issue. They deliver 

the medication to the skin in a slow and 

regulated manner [17, 18]. 

B) Benefiacial over Micro and Nano-

formulations:  

In terms of compatibility with a wide 

range of medicines, microsponges 

outperform microspheres, micro-

encapsulation, niosomes, lipid 

nanoparticles, nanotubes, and liposomes 

etc.(benzoyl peroxide, oxybenzone, 

itraconazole, econazole, hydroquinone, 

capsaicin) due to controlled release easy 

formulation technique, stability and high 

capacity of drug loading [19, 20]. 

Active moieties and polymers employed in 

microsponges formulations 

The development of a microsponge'cage' is 

caused by the employment of several 

polymers in the manufacture of 

microsponges for topical application. Other 

excipients are required in the manufacture of 

stable and effective microsponge 

formulations, in addition to the polymers and 

active compounds. This active compounds 

are discussed in Table 1 with their ratio. 
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Table 1: Active moieties and polymers employed in microsponges formulations 
Active compounds Polymer Drug-Polymer Ratio Ref. 
Benzoyl peroxide Ethyl cellulose 1:1, 1:3,1:5, 1:7, 1:9, 1:11, 1:13 21 

Dicyclomine Eudragit S100 1:3, 1:6, 1:9, 1:12 22 
Hydroxyzine HCl Eudragit RS100 1:1, 1:2, 1:3, 1:4 23 

Mometasone furoate Eudragit RS100 1:3, 1:5, 1:7, 1:9, 1:11, 1:13 24 
Acyclovir sodium Ethyl cellulose 1:2, 1:3 25 

Diclofenac diethylamine Eudragit RS100 1:1, 1:2, 1:3, 1:4, 1:5, 1:6 26 
Terbinafine Eudragit RSPO 1:1.8, 1:4, 1:1 27 

Methods of preparation of microsponges 

The solubility properties of the medication 

and polymer have a big role in deciding 

which encapsulation technique to use. Drug 

loading in microsponges can be 

accomplished in one of two ways: one-step 

or two-step, as mentioned in liquid-liquid 

suspension polymerization and quasi-

emulsion solvent diffusion methods, both of 

which are based on the bottom-up and top-

down approach. There are different other 

methods of microsponge preparations which 

are discussed below. 

1) Liquid-liquid / Free radical 

suspension polymerization: 

Starting with monomer, this is a bottom-up 

method. Free radical suspension 

polymerization in an emulsified liquid-liquid 

system was used to make microsponges. The 

monomers are referred to as “monomer 

phase” or “dispersed Phase” In general, a 

solution is formed comprised of monomers 

and actives, which are immiscible with 

water. The immiscible liquid phase 

containing the dispensed (or dissolved) 

monomer is defined as “Polymerization 

medium”. 

Another liquid may be introduced to the 

monomer to produce a pore network in 

addition to the monomers and polymerization 

medium. When this liquid, also known as a 

"monomer diluent" or "porogen," is 

introduced to the polymerization procedure, 

it produces polymeric beads with open, 

porous structures that resemble sponges 

under SEM, thus the term "microsponges”. 

Temperature is maintained because it decides 

the rate of degradation, free radical formation 

and thus effect on rate of polymerization. 

Polymerization is achieved by activating the 

monomers by catalysis, higher temperature, 

or irradiation once the suspension has been 

formed with distinct droplets of the required size. 

The polymerization procedure created 1000 

spherical microsponge cages that were linked to 

resemble a grape bunch, constructing a network 

of interconnected reservoirs where the porogen is 

confined. Solid particles were collected from the 

suspension once the polymerization process 



Sujit Tambe et al                                                                                                                                         Research Article 
 

 
493 

IJBPAS, October, Special Issue, 2021, 10(10) 

was completed. For future usage, the particles were washed and dried [28-30]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Liquid-liquid / Free radical suspension polymerization- system set up method 

2) Quasi-emulsion solvent 

diffusion method: 

Starting with preformed polymer, this is a 

top-down method. Similar to emulsions, this 

method involves the production of a quasi-

emulsion with two distinct phases: an 

internal phase and an external phase. The 

polymer is dissolved in ethyl alcohol in the 

internal organic phase, and the medication is 

dissolved in this solution by ultrasonication 

at room temperature. PVA solution in water 

makes up the external phase. 

When you stir this emulsion, you get quasi-

emulsion globules, which are discrete 

emulsion globules. The solvent was then 

extracted from the globules, resulting in 

insoluble, rigid microparticles known as 

microsponges. The mixture was then filtered 

to separate the microsponges after enough 

stirring. After that, the microsponges were 

dried in an air oven. The finely dispersed 

droplets of the drug's polymeric solution 

(dispersed phase) solidify in the aqueous 

phase by counter diffusion of organic solvent 

and water out of and into the droplets, 

according to the theory. 

The drug and polymer solubility was reduced 

by the diffused aqueous phase within the 

droplets, leading in co-precipitation of both 

components, and continuing diffusion of the 

organic phase resulted in additional 

solidification, resulting in matrix-type porous 

microspheres. In compared to the liquid-liquid 

suspension polymerization method, this 

approach offers the advantages of less drug 
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exposure to ambient conditions and low 

solvent residues in the result due to the 

solvent's solubility in aqueous medium or 

volatile nature [31, 32]. 

 
Figure 2: Quasi-emulsion solvent diffusion method set up 

3) Water in oil in water 

emulsion solvent diffusion: 

In this technique, an emulsifying agent such 

as span, polyethyleneimine, and stearyl 

amine was distributed in an organic 

polymeric solution via an internal aqueous 

phase. Following that, the w/o emulsion was 

dispersed in an external aqueous phase 

containing PVA to create a double emulsion. 

This technique captures both water-soluble 

and water-insoluble medicines. It can also be 

employed to hold thermolabile compounds, 

such as proteins, in place. Xanthan gum has 

also been described as an emulsifier to 

stabilise the internal w/o emulsion [33]. 

4) Oil in Oil emulsion solvent 

diffusion: 

In contrast to the w/o/w technique, the oil in 

oil (o/o) emulsion was made with a volatile 

organic liquid as the internal phase, which 

was allowed to evaporate slowly and steadily 

while stirring was maintained. The volatile 

solvent in majority of the preparations is 

dichloromethane. The polymer employed is 

polyactide glycolic acid, with a span of 85 as 

the exterior phase. To make the microsponge, 

the internal phase was introduced to the 

dispersion medium dropwise with continuous 

stirring [34].  

5) Addition of porogen: 
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Hydrogen peroxide or sodium bicarbonate as 

porogen used in internal phase which was 

dispersed in the polymeric solution to form a 

uniform dispersion system, and this was 

redispersed in aqueous phase containing 

PVA. The multiple emulsion was then given 

an initiator, and the organic solvent was 

allowed to evaporate, leaving behind the 

microparticles for making microsponges. 

Interconnected pores with diameters from 

ranges 5 to 20 µm are formed as an effect of 

adding hydrogen peroxide [35].  

6) Lyophilisation: 

Microspheres were converted by gelatin 

method in this lyophilysation by quick 

removal of solvent leads to porous 

microspheres. Microspheres were incubated 

in the solution of chitosan hydrochloride and 

then lyophilized in this method. This quick 

and rapid method have disadvantages of 

producing cracked or shrunken 

microparticles due to quick elimination of 

solvent [36].  

7) Vibrating Orifice Aerosol 

Generator Method (VOAG): 

Firstly the preparation of lipid bilayered 

mesoporous silica particles required a 

vibrating orifice aerosol generator (VOAG). 

In method porous particles are synthesized 

by evaporation-driven surfactant templating 

in microdroplets by a VOAG method. 

Tetraethylorthosilicate, ethanol, water and 

dilute hydrochloric acid were refluxed to 

prepare stock solution for the preparation of 

core particle. The stock solution was diluted 

with surfactant-containing solvent and 

agitated to allow monodisperse droplets to 

form using VOAG.The microspheres that 

were created were encapsulated in liposomes. 

These encapsulated particles can be used to 

deliver active ingredients to specific 

locations [37].  

8) Ultrasound-Assisted Production: 

This method is modified version of the 

liquid-liquid suspension polymerization. 

Monomer beta-cyclodextrin (BCD) and 

cross-linking agent diphenyl carbonate is 

used to synthesize the microsponges. Heating 

and sonication of the reaction mixture 

controls the size of microsponges. Then 

reaction mixture was cooled, the product 

obtained was milled to give rough particles 

that were washed with distilled water and 

then by ethanol. Cross-linked β-CD porous 

microparticles serve as carrier for efficient 

loading of drugs although entrapment of 

residues of the cross-linking agents that can 

be potentially toxic [38].  

9) Electrohydrodynamic Atomization 

Method: 

This approach resulted in chitosan porous 

microspheres. The chitosan solution was 
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sonicated to produce bubbles, and the 

resulting bubble suspension was drawn into a 

syringe, perfused via a steel capillary using a 

syringe pump, and electrohydrodynamically 

atomized. The capillary's diameter was 

selected to ensure that all bubbles in the 

suspension were retained as it passed through 

it. The voltage utilised in the tests is 

completely determined by the chitosan 

content in the solution. A 4 % w/v sodium 

hydroxide aqueous solution was used to 

cross-link the chitosan microspheres [39]. 

Recent developments in microsponge drug 

delivery system 

Some researchers, pharmaceutical companies 

are developing advanced formulations. They 

are as follows and having more stability than 

microsponges. 

1) Nanosponges: 

This has been shown to be a good carrier for 

gas distribution. When cytotoxic is combined 

with a nanosponges carrier system, the drug's 

effectiveness is increased, allowing it to be 

utilised to target cancer cells. Crosslinking 

the β-CD molecule with biphenyl carbonate 

produces β-CD nanosponges. They can be 

utilised to make both hydrophilic and 

hydrophobic medicines. 

2) Nanoferrosponges: 

Nanoferrosponges are self-promising carriers 

with enhanced penetration towards a specific 

location due to an external magnetic reaction 

that allows carriers to penetrate deeper tissue 

before magnetic material is excluded, leaving 

a porous system behind. 

3) Porous Microbeads: 

Microbeads with a large number of pores are 

created by improving the properties of 

porous microspheres. Solid porous 

microbeads are made using polymerization 

and cross-linking techniques. Topical, 

buccal, and oral medication delivery systems 

employ these microbeads [40]. 

CONCLUSION 

The Microsponge Delivery System can 

entrap a wide spectrum of actives and then 

release them onto the skin in a controlled and 

timed manner. It’s a one-of-a-kind technique 

that uses microporous beads filled with 

active agents to administer topical drugs in a 

regulated manner. It may also be used for 

oral and biopharmaceutical drug delivery. 

The active component in a microsponge 

delivery system can be released on a timer or 

in reaction to other inputs. As a result, 

microsponge has a huge amount of potential 

and is a relatively new subject that needs to 

be investigated. 
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