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KEYWORDS: Microsponge; Controlled drug delivery; Topical Drug Delivery; Biomedical

application.

INTRODUCTION

Micro-sponges are polymeric delivery systems composed of porous microspheres. They are
tiny sponge-like spherical particles with a large porous surface (10-25 ). Microsponge drug
delivery system (MDDS) is a patented, highly cross-linked system and considered a novel

technique to deliver the drugs to the targeted site in a controlled manner. In addition, this
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drug delivery system possesses enhanced drug stability, reduced adverse effects, and
modified drug release. MDDS are microscopic and polymer-based microspheres that can
entrap a wide variety of drugs and be incorporated into a gel, cream, liquid, or powder.***
The ever-increasing interest among consumers concerning skincare and skin treatment
products have been tampered by the usage of ingredients like a-hydroxy acids and vitamins
in cosmetic products which produce severe effects to the skin like aging and damage of skin
due to light.”™! To overcome these problems researchers had made several attempts (reducing
the concentrations of the excipients and changing the vehicle used) that have led to a product
with decreased efficacy. Thus, there is a need for a drug delivery system that can deliver the
drugs to a specific site in the body in a controlled manner. Potentially, MDDS can
significantly reduce the irritation caused by the drugs without altering the efficacy of the
product.l** The micro-sponge technology was developed by Won in 1987, and the original
patents were assigned to Advanced Polymer Systems, Inc. This company developed a
large number of variations of the procedures and those are applied to the cosmetic as well as
over-the-counter (OTC) and prescription pharmaceutical products. At the current time, this
interesting technology has been licensed to Cardinal Health, Inc., for use in topical products.
The scanning electron microscopy of the micro-sponge particle reveals that its internal
structure is the “bag of marbles”. As the size of the pore diameter is smaller, the bacteria
ranging from 0.007 to 0.2 pum cannot penetrate the tunnel structure of the micro-sponges as
shown in Fig 1.7

Active e

Microsponge Vehicle Skin

Fig. 1: Schematic representation of the distribution of the loaded material (active) on

skin.

Potential benefits of microspongest® ®
e Have self-sterilization due to pore size 0.2 Sum which prevents penetration of bacteria;

thus, they do not require the addition of a preservative.
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e Have high loading capacity ranging from 50 to 60%.

e Free flow properties and can be productive concerning its cost.

e Offer good compatibility with different vehicles and ingredients.

e Have stability at pH extending from 1 to 11.

e They are stable at elevated temperatures up to 130 °C.

e Improves formulation flexibility.

e Extended-release of drug continuous up to 12 hours.

e Microsponge systems are non-irritating, non-mutagenic, non-allergic, and non-toxic.

e Reduce irritation and patient compliance.

Limitationst*%!]

e The preparation methods usually use organic solvents as porogens, which pose an
environmental hazard, as some may be highly inflammable, posing a safety hazard.
e In some cases, traces of residual monomers have been observed, which may be toxic and

hazardous to health.

Methods of preparation of microsponges
Drug loading in microsposges can be done in two ways i.e. one-step process and two-step

process as shown in Fig. 2 which depends on the desired drug that has to be loaded.™*?

Preparation of microsponge

Drug loading in microsponge

One step
process

Liquid
e Quasi emulsion solvent diffusion

-liquid suspension polymerisation

Based on physico-chemical properties of drug to be loaded

Fig. 2: Drug loading process in microsponges.
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Liquid-Liquid suspension polymerization

In this method, MDDS is prepared by suspension polymerization in a liquid-liquid system
which is a one-step process as shown in Fig. 3. A typical procedure involves dissolving the
monomers with active ingredients in a suitable solvent. Further, the above solution is
dispersed in the aqueous phase (consists of surfactants, suspending agents, etc.). The
polymerization step is activated by either adding a catalyst or by increasing the temperature
and the process is continued until a reservoir of spherical structure is formed. Post completion
of polymerization the solvent is removed leading to the forming of microsponges.™***!
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Fig. 3: Microsponge preparation by liquid-liquid suspension polymerization.

Quasi-Emulsion solvent diffusion

MDDS can also be prepared by quasi-emulsion solvent diffusion which is a two-step process
as shown in Fig. 4. A typical procedure consists of two phases (internal and external phase).
The internal phase consists of a polymer dissolved in a suitable solvent. Then the desired
drug is slowly added to the polymer solution and dissolved by using an ultra-sonicator.
Further, this internal phase is mixed u with the external phase with a continuous stirring for 2
hours. Post stirring the solution is filtered, washed, and dried to obtain the desired
microsponges.™® A brief description of different methods to prepare microsponges is

presented in Table 1.
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Drug solution

Drug-polymer solution

(inner phase)\
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- % w0

Quasi-emulsion droplets

500 rpm for 1 hr

Diffusion of organic
solvent out of the droplets

Quasi emulsion solvent diffusion method

Drying in oven at

Mixing with roller mill Sidon2ah

for 1 hr

First entrapment step

Drug entrapment

———— REpEat the ProCESsS mm—

Second entrapment step

Solid microsponges

Drying in oven at
50°C for 24 h

Drug loaded microsponges

Fig. 4: Preparations of microsponges by Quasi-emulsion solvent diffusion method.

Table 1: Preparation of microsponges by Quasi-emulsion solvent diffusion.

polymerization

methods for drug loading.

Method Advantages Disadvantages
Liquid-liquid It can be suitably modified | Probable entrapment of unreacted
suspension to one-step or two-step monomers and solvent traces. Non-

uniform structure.

Requires a long time for the
reaction of monomers. Requires a
two-step method for
thermosensitive drugs that have low
drug loading efficiency.

Quasi-emulsion
Solvent
diffusion

No monomer entrapment.
Low solvent traces. High
drug loading. No exposure
of the drug to ambient
conditions. The size of
microsponges can be easily
controlled by controlling the
stirring.

Cannot be used for the loading of
water-soluble drugs. Requires a
long time for the reaction of
monomers.

The drug should be soluble in a
volatile

Water-soluble solvent.

Drug release mechanisms of microsponge

The formulated drug-loaded MDDS consists of an open structure where the desired drug can

move freely (from particle to the vehicle) as it doesn’t have a continuous membrane

surrounding the particle. Further, this process continues until the vehicle attains saturation

(equilibrium between the particle and the vehicle).*"'8 post formulation after applying it to

the skin the desired drug in the vehicle gets absorbed into the skin and creates a disturbance

in the equilibrium between the vehicle and the particle which will lead to a flow of the

desired drug from microsponge to the vehicle so that the equilibrium is maintained.

www.wipr.net |

Vol 10, Issue 7,2021. |

ISO 9001:2015 Certified Journal |

277



Sivadasu et al. World Journal of Pharmaceutical Research

Furthermore, this process is continued until the vehicle is either completely dried off or
absorbed. Post absorption the microsponges which are retained on the skin gradually release
the desired drug in a controlled manner. This proposed mechanism gives special emphasis on
the importance of the vehicles used in the formulation of microsponges. If the desired drug is
completely soluble in the selected vehicle the final product will not provide the desirable

controlled release.[**%

Pressure triggered systems

In this mechanism drug release from the desired MDDS occurs by applying external pressure.
Further, the amount of drug released from the microsponge is entirely dependent on the
physical properties of the pores (size and number) present on the microsponge, and
optimization is done by understanding the type of materials and the process involved in the
preparation of the desired MDDS.?!

Temperature triggered systems

The flow property of the drug-loaded MDDS can be affected by physicochemical properties
of the formulation like viscosity (which can be high at room temperature). This limitation can
be overcome by increasing the temperature and the flow rate of the drug to the skin can be

enhanced.?

Solubility triggered systems

Microsponges loaded with water-soluble ingredients like antiperspirants and antiseptics will
release the desired drug in the presence of water. The release can be activated by diffusion
taking into consideration the partition coefficient of the ingredient between the microsponge
and the outside system.?!

Evaluation of microsponge

Particle size determination

The particle size of the drug-loaded and plain microsponges can be analyzed by using either a
light diffractometer or other suitable methods (light microscopy, scanning electron
microscopy Confocal fluorescence microscopy, etc.). Further, results obtained by employing
these methods are expressed in the form of mean size either in the nanometer or micrometer.
To study the effect of particle size on the dissolution profile of the loaded drug a graph
should be plotted between drug release and microsponges of different sizes. Microsponges

with a particle size of more than 30 um give a gritty feeling to the formulation. Therefore,
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microsponges with a particle size of 10-25um are widely used in topical formulations loaded

with microsponges.??

Morphology and Surface topography of microsponges

The surface morphology of the desired microsponges can be assessed by using scanning
electron microscopy (SEM). A typical procedure involves coating the formulated
microsponges with gold-palladium at room temperature under an argon atmosphere and the
images were recorded to understand the surface morphology of the formulated
microsponge. !

Determination of true density

Measurement of true density for microsponges was done by using an ultra-pycnometer under

the atmosphere of helium gas and calculated by using triplicate data.*"

Determination of loading Efficiency and Production yield®

The loading efficiency (%) and production yield of the microsponges can be calculated
according to the following equation given below:

Loading efficiency = Actual drug in microsponge/Theoretical drug concentration = 100

Production Yield = Practical Mass/Theoretical Mass = 100

Characterization of pore structure

To study the effect of pore diameter and volume on drug release from microsponges mercury
intrusion porosimeter can be used. Further, pore volume and diameter are important in
controlling the intensity and duration of release of the desired drug from the microsponge,
and pore diameter also influences the migration of microsponges into the vehicle.
Furthermore, various porosity parameters like instruction-extrusion isotherms, pore size
distribution, total pore surface area, average pore diameter, shape and morphology of the
pores, bulk, and apparent density can be calculated by using an intrusion porosimeter.®®

Compatibility studies

The compatibility of the drug with reaction adjuncts can be studied by thin-layer
chromatography (TLC) and Fourier transport infra-red spectroscopy (FT-IR). The effect of
polymerization on the crystal unity of the drug can be studied by powder X-ray diffraction
(XRD) and Differential Scanning Colorimetry (DSC).!*"!
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Resiliency
Resiliency (viscoelastic properties) of microsponges can be modified 6to produce bead lets
that are after or firmer according to the needs of the final formulation. Increased cross-linking

tends to slow down the rate of release.®!

In-vitro drug release study

In-vitro drug release studies can be performed using United States Pharmacopeial (USP)
dissolution apparatus equipped with a modified basket consisted of 5 um stainless steel mesh
at 37°C. The release is selected according to the type of formulation that is topical or oral

while considering the solubility of active ingredients to ensure sink conditions.*!

Biomedical applications of microsponges

For topical administration

A single microsponge particle can be considered as a tiny particle as such of talcum powder
with a size less than one-thousand of an inch. Further, these sponges have a myriad of
interconnecting voids with a non-collapsible structure that can accept a wide range of drug
molecules. A typical microsponge has a porous outer surface which allows the drug
molecules to enter and exit the sphere. Microsponges are made up of inert polymers. Even
though they are microscopic as the systems are large they cannot cross the stratum corneum
of the skin when given as topical products. Benzyl peroxide is commonly used in topical
formulations to treat acne with skin irritation as a common adverse effect.2%3!

For oral administration

The formulated microsponge systems have shown an increasing the solubilization of poorly
water-soluble drugs by trapping them in the pores of the sponges when given through the oral
route of drug administration. As the size of the pores is in the micro range the size of the
trapped molecules will be reduced drastically leading to an increase in surface area by which
the solubility of the desired hydrophobic drug can be enhanced. For example, oral delivery of
ibuprofen can be improved by formulating in the form of microsponges by using an acrylic

polymer Eudragit RS.?

For Bone and Tissue engineering®!

Compounds obtained by mixing polymers like polymethyl methacrylate and liquid methyl
acrylate monomers with aqueous dispersions of tricalcium phosphate and calcium-deficient

hydroxyapatite powders appeared to be porous and acted as microsponges. Further, the
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inclusion of basic fibroblast growth factor (bFGF) in a collagen sponge sustained the release

and exhibited local angiogenic activity in a dose-dependent manner. Various marketed

formulations of microsponges are depicted in Table 2.

Table 2: Marketed formulation of MDS.B4

Product name

Treatment

Manufacturer

Active ingredient

Retin-A-Micro

Acne vulgaris

Ortho-McNeil
Pharmaceutical, Inc.

0.1%-0.4% tretinoin
in an ag. gel

carac cream 0.5%

Actinic keratosis

Dermik Laboratories

0.5% fluorouracil

Lactrex ™ 12%

Long-lasting

SDR Pharmaceuticals,

12% lactic acid as

Acne peel

dead cells without
damaging the skin

moisturizing cream | moisturization Inc. the ammonium
lactate.
Micro peel plus/ Remove all Bio medic. Salicylic acid in the

forms of
microcrystals

Oil control lotion

Acne-prone, oily
skin condition

Fountain cosmetics

Natural antibiotics

Ultra-guard

Protect baby’s skin

Scott paper company

Dimethicone

from diaper rash

CONCLUSION

Microsponge drug delivery systems have various advantages like enhanced product
performance, elegancy, extended-release, improved thermal, reduced irritation physical and
chemical stability which can be incorporated in the development of various novel
pharmaceutical products. Additionally, various research studies suggested that the formulated
microsponges are non-irritating, no mutagenic, no allergenic, and non-toxic. Further, these
drug delivery systems were developed with a new technology where the product stability was
enhanced without incorporating preservatives into the final product. This novel drug delivery
system is currently used in the formulation of cosmetics (skincare, sunscreen, etc.) and there
is still scope to explore this drug delivery system to treat various diseases. Therefore, from
the above findings, it can be concluded that this novel microsponge drug delivery system can
be used as an alternative approach to transport the drug to the desired location and releases

the drug in a controlled manner.
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