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ABSTRACT:  

Microsponges are a revolutionary way of medication administration that has a number of 

advantages. The Microsponges drug delivery system is used to increase the performance of 

medications that are delivered orally, parenterally, or topically in a variety of conditions. 

Microsponge is a new technology for controlling medication release and delivering drugs to 

precise targets. Microsponge technology has been used in topical medicinal solutions to allow 

for regulated active drug release into the skin, lowering systemic exposure and reducing local 

cutaneous reactions to active pharmaceuticals. This review discusses the preparation 

procedures, evaluation methodologies, drug release mechanism, and physical characterization 

of Microsponges in relation to a Microsponges delivery system. Microsponges are used to 

deliver a pharmaceutical active component at a low dose while simultaneously improving 

stability, reducing adverse effects, and modifying drug release. 
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INTRODUCTION: 

Drug - delivery systems (DDS) that can precisely manage drug release rates or target drugs to 

specific body sites have a significant impact on the health-care system. By connecting the 

drug to a carrier particle, such as Microsponges, nanoparticles, or liposomes, which 

modulates the drug's release and absorption characteristics, carrier technology provides an 

insightful method to drug delivery. Because of their small size and effective carrier 

properties, microsponges are a crucial aspect of DDS.
1,2

Controlling the delivery rate of active drugs to a predefined place in the human body is the 

biggest difficulty facing the pharmaceutical business today. Only lately has controlled 

medication release onto the epidermis been developed with the assurance that the drug will 

not enter the systemic circulation and will remain locally localised.
1,3 

Because of their inefficient delivery strategy, these vehicles require high concentrations of 

active drugs for effective therapy, resulting in discomfort and allergic responses. Other 

disadvantages of topical preparations include uncontrolled evaporation of the active 

ingredient, unpleasant odour, and the possibility of drug-vehicle incompatibility. As a result, 

a system that maximises the amount of time an active substance is present on the skin's 

surface or within the epidermis while decreasing its transdermal entry into the body is 

required. These requirements are met by the Microsponges delivery mechanism.
1,4

Microsponge
5, 6 

Microsponges are porous, polymeric microspheres that are typically utilised for topical 

delivery over a lengthy period of time. Microsponges are used to deliver a pharmaceutically 

active substance at a low dose while simultaneously improving stability, reducing adverse 

effects, and changing drug release patterns. These characteristics have been demonstrated in 

the FDA-approved Retin-A Micro® (0.1 percent or 0.04 percent tretinoin) and Carac (0.5 

percent 5-flurouracil) treatments for acne and actinic keratoses, respectively.
5
 Because of

their low efficiency as delivery systems, many conventional delivery systems require 

significant doses of active drugs to be integrated for effective therapy. As a result, delivery 

mechanisms are needed to optimise the duration an active ingredient is present on the skin 

surface or within the epidermis while decreasing transdermal penetration into the body. 

Microsponge-based polymeric microspheres are the only ones that meet these requirements. 

Microsponges can be made in a variety of ways, including emulsion systems and suspension 
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polymerization in a liquid–liquid system. Oil-in-water (o/w) is the most prevalent emulsion 

system, and Microsponge is made using the emulsion solvent diffusion (ESD) process. 

Fig 1: Microsponge Technology 

History of Microsponge 
5 

Won invented the microsponge technique in 1987, and Advanced Polymer Systems, Inc. was 

given the original patents. This company created numerous variants of the technology and 

used them in cosmetics, as well as over-the-counter and prescription pharmaceuticals. At the 

moment, Cardinal Health, Inc. has been granted a licence to exploit this interesting 

technology in topical medications. 

Characteristics of microsponges:
7,8,9

1. Microsponges can withstand temperatures of up to 130°C.

2. Microsponges are pH-stable from 1 to 11.

3. Microsponges can be used with a wide range of substances and vehicles.

4. Microsponges are self-sterilizing because their average pore size is 0.25 m, too small for

bacteria to pass through. 

5. Microsponges have a higher payload (50-60%) while remaining free-flowing and cost-

effective. 
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Advantages of Microsponges:
10,11,12

1. The inclusion of immiscible materials is possible due to the microsponge delivery

mechanism.

2. It demonstrates prolonged drug release and continued action for up to 12 hours.

3. Irritation formulae were decreased.

4. Advanced oil control; it can absorb up to six times its weight without drying.

5. Increased product opulence

6. It enables the creation of unique product forms.

7. These Microsponges are non-allergenic, non-toxic, non-mutagenic, and non-irritating.

8. Microsponges help to increase the bioavailability of the same medications.

9. It enhances condition management.

10. It improves therapeutic efficacy.

11. It improves material processing. For example, liquids can be turned into powders.

12. It improves the product's appearances, giving it a more exquisite appearance.

13. Consumer approval is high due to reduced discomfort and greater tolerance.

14. It enhances physical, chemical, and thermal stability, among other things.

Characteristics of materials that is entrapped in Microsponges 
13,14

 

1. The particles can entrap most liquid or soluble substances. The following are the

conditions for actives that can be entrapped in Microsponges:

2. It must be fully miscible in monomer or capable of being made miscible by adding a

small amount of a water insoluble solvent.

3. It should be water insoluble or only slightly soluble in water.

4. It should be monomer inert.

5. To minimise cosmetic issues, the solubility of actives in the vehicle must be regulated; no

more than 10 to 12 percent w/w Microsponges must be included into the vehicle.

Otherwise, the vehicle's Microsponges will be depleted before the application.The

spherical structure of Microsponges should not collapse.

6. The Microsponges' polymer design and payload for the active must be tuned for the

required release rate over a specified time period.
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7. It must be stable when in contact with the polymerization catalyst and the polymerization

conditions.

MECHANISM OF DRUG RELEASE
15,16,17

In reaction to one or more external triggers, microsponges can be constructed to release a 

specific amount of active chemicals over time. 

 pH triggered systems 

Modifying the coating on the microsponge can be used to trigger the active's ph-based 

release. This has a wide range of uses in drug delivery. 

Temperature change 

Few entrapped active substances are too viscous to flow quickly from microsponges onto the 

skin at normal temperature. As the temperature of the skin rises, so does the flow rate, and 

hence the rate of release. 

Pressure 

Pressure/rubbing applied to the microsponge system can release entrapped material from the 

microsponges onto the skin. The amount released is determined by the sponge's many 

features. The microsponge most suited for a certain application can be optimised by adjusting 

the kind of material and other process variables. Mineral oil containing microsponge had a far 

greater softening effect than mineral oil containing microcapsules. The microsponge systems 

also have a substantially longer emollient property endurance. 

Solubility 

In the presence of water, microsponges containing water miscible chemicals such as 

antiseptics and antiperspirants will release the component. Diffusion can also be used to 

activate the release, however the partition coefficient of the ingredient between the 

microsponges and the external must be taken into account. 

METHOD OF PREPARATION OF MICROSPONGES
15

In general, microsponges are made using two ways: liquid-liquid suspension polymerization 

and quasi-emulsion solvent diffusion. However, some new procedures have recently been 

created, and the merits and disadvantages of these methods of production have been 

investigated.
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1. Liquid –liquid suspension polymerization 
16

The polymerization process continues to build a reservoir-like system with a spherical shape. 

The creation of chain monomers is the first step in polymerization. Ladders form as a result 

of cross-linking between chain monomers. Monomer ladders are folded to produce spherical 

particles. 

The agglomeration of these micro spheres results in the formation of micro sphere bunches. 

Micro sponges are made by glueing together bunches of microspheres. The reaction was 

carried out in three necked flasks with a circular bottom. The flask is additionally equipped 

with a stirrer, a water condenser, and a thermometer. Monomers comprising non-polar drug 

solutions were produced, and an aqueous phase containing surfactant and dispersant was 

added to the mixture.

2. Quasi emulsion solovent diffusion
17 

The internal phase was made up of Drug, volatile Solvent, polymer, and TEC, which was 

added at a rate of 20% of the polymer to help with plasticity. An exterior phase containing 

PVA and distilled water. The internal phase was first prepared and then mixed with the 

external phase at room temperature. The mixture was continually swirled for 2 hours after 

emulsification. After that, the microsponges were separated by filtering the mixture. The 

product was washed and dried for 12 hours in a hot air oven at 40°C.

3. Water in oil in water emulsion solvent diffusion
18

In this procedure, an emulsifying agent-containing internal aqueous phase was disseminated 

in an organic polymeric solution. To generate a double emulsion, the water in oil emulsion 

was disseminated in an exterior aqueous phase containing PVA. Both water-soluble and 

water-insoluble medicines can be captured using this approach.

4. Oil in oil emulsion solvent diffusion 
19

The emulsion was made using this procedure because the interior phase is made up of volatile 

organic fluids. The volatile solvent in majority of the preparations is dichloromethane. The 

polymer utilised 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. 

5. Addition of porogen
20
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Porogens such as hydrogen peroxide or sodium bicarbonate make up the internal phase for 

this. The porogen was disseminated in the polymeric solution to form a uniform dispersion 

system, which was then redispersed in PVA-containing aqueous phase. When hydrogen 

peroxide is added, it causes the creation of linked pores with sizes ranging from 5 to 20 µm.  

6. Lyophilisation
21

The microspheres are transformed into porous microspheres using this process, which 

involves quickly removing the solvent. Chitosan hydrochloride solution is used for this. The 

microspheres are lyophilized after being incubated in this solution. Due to the rapid 

elimination of the solvent, cracking and shrinkage of microparticles may occur.

7. Vibrating orifice aerosol generator method 
22 

The lipid bilayered mesoporous silica particles were largely prepared using the vibrating 

orifice aerosol generator method. Tetraethylorthosilicate, ethanol, water, and dilute 

hydrochloric acid were refluxed to prepare the stock solution for the core particle. And then 

this solution was diluted with a surfactant-containing solvent, resulting in monodisperse 

droplets. Lipsomes encase the microspheres that have been created. 

These are the only microsponge preparation methods that have been described. All of the 

above ways have their own distinct methods of preparation; however, most microsponges are 

made utilising Quasi Emulsion Solvent Diffusion, which has the fewest downsides for the 

manufactured product when compared to other methods. 

CHARACTERIZATION OF MICROSPONGE
26

1. Physicochemical properties

a) Particle size distribution:

For particle size and size distribution, an optical microscope or an electron microscope can 

be employed. The texture and stability of a formulation are affected by particle size. 

Diffractometry or other suitable methods can be used to determine the particle size of a 

loaded or empty microsponge. Plotting graph particle size against time can reveal the 

effect of particle size on medication release. 

b) Determination of pH:

A sophisticated PH metre can be used to determine the pH of a microsponge containing 

gel or another topical product. 
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c) Determination of true density:

It is measured by using ultra pyanometer under helium gas. 

2. Surface Topography of Microsponges:

For studying the surface topography of microsponges, various techniques such as photon 

correlation spectroscopy (PCS), SEM, and TEM can be utilised. 

3. Compatibility studies:

TLC and FT-IR can be used to check the compatibility of the active ingredient, i.e. the 

medicine. Powder X-ray diffraction (XRD) and DSC are used to investigate the influence of 

polymerization on crystallinity. 

4. Polymer/monomer composition:

To calculate the release rate of microsponges, a polymer composition research is required. 

The partition coefficient between the entrapped drug vehicle and the microsponge system is 

affected by polymer composition, which effects release rate. Plotting the cumulative percent 

of medication release against time can be used to investigate it. 

5. Viscoelastic properties:

The viscoelastic properties of a product can be changed to meet the needs of the end product. 

The rate of release reduces as cross linking rises. 

6. Dissolution tests:

Microsponge dissolution test device USP XXIII is used in conjunction with a modified basket 

for dissolution studies. The dissolution media is chosen based on the active ingredient's 

solubility. The samples were taken at appropriate intervals and analysed using appropriate 

analytical procedures. 

7. Kinetics of release:

Different mathematical models were employed to analyse release data in order to research 

medication release mechanisms. 
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APPLICATIONS OF MICROSPONGES
27

 :

Topical prescription, over-the-counter, and personal care products benefit from the use of a 

microsponge delivery method to improve their efficacy, safety, and aesthetic quality. 

Microsponges have a wide range of applications. It is commonly used for topical and, more 

recently, oral administration. Several patents have stated that it can be employed as an 

excipient due to its long-term releasing ability and high loading capacity. It provides the 

formulator with a variety of options for developing pharmacological and cosmetic goods. 

Microsponges are used to deliver a pharmaceutical active component at a low dose while 

simultaneously improving stability, reducing adverse effects, and modifying drug release. 

Numerous moisturisers, sunscreens, and specialist rejuvenation goods are available over the 

counter that use the microsponge medication delivery mechanism. 

FUTURE IMPACT OF MICROSPONGE DRUG DELIVERY SYSTEM 

Due to their unique qualities such as elegancy in appearance, performance, and pattern of 

release profile, microsponge drug delivery systems have a promising future in a variety of 

pharmaceutical applications. They also have good physical, chemical, and thermal stability, 

allowing for greater flexibility in dosage form manufacture. The actual future challenge will 

be to develop a safe medication delivery system using a variety of polymer. 
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