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Abstract

Micro sponges are polymeric delivery systems consisting of porous microspheres having a size range from 5 to 300 micron. Microsponge Delivery
System (MDS) is a unique technology for controlled drug delivery. The present review introduces Microsponge technology along with its synthesis,
characterization, parameters and release mechanism. Wide ranges of applications are also preferred to develop drug or cosmetic products with
enhanced safety and efficacy. MDS can provide increased efficacy for topically active agents with improved safety, extended product stability and
improved properties in anefficient and novel manner. 
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Abbreviations: MDS: Microsponge Delivery System; TEC: Triethylcitrate; DSC: Differential Scanning Colorimetry; TLC: Thin layer chromatography;
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Introduction

Drug delivery systems that can specifically control the release rates and target drugs to specific locations of the body have a ma- jor impact on the health care system. Conventional formulations of topical drugs aim at working on the outer layers of the skin. Hence, after application, they release their active ingredients and deliver a high concentration of the active ingredient that is rapidly absorbed. However, they cause excessive accumulation of ingredients within the epidermis and the dermis. Therefore, it is required to have a system which extends the time during which an active ingredient is available either on skin surface or within the epidermis. In the meantime, such system has to decrease active ingredient pene- tration through the skin into the body. Lately, a new drug delivery system was discovered called “Microsponge”. The Microsponge De- livery System (MDS) is a highly cross-linked, patented polymeric system consisting of porous microspheres. They are small spongy- like spherical particles consisting of an extremely large number of empty spaces which are connected to each other within a non-col- lapsible structure.
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Figure 1:  Highly porous nature of a Microsponge.

 




This large porous surface controls the release rate of active in- gredient. The microsponge size varies from 5 to 300 μm in diameter and a typical 25μm sphere can have up to 250000 pores, (Figure 1). This results in having a large reservoir, which can be loaded with the active agent up to its own weight. So it has the flexibility to entrap a wide variety of active ingredients such as emollients, fragrances, sunscreens, essential oils, anti-infective, anti-fungal and anti-inflammatory agents and is used as a topical carrier system [1-3].

History Of Microsponge

The microsponge technology was developed by Won in 1987 and the original patents were assigned to Advanced Polymer Sys- tems, Inc. This Company developed variations of the technique and applied them to cosmetic as well as non-prescription drugs (OTC) and prescription pharmaceutical products. Now, this interesting technology has been licensed to Cardinal Health, Inc. for use in top- ical products [1,4].

Advantages of micro sponges over other formulations

Micro sponges have several advantages over other preparations
available in the market.

Advantages over conventional formulations: Conventional formulations of topical drugs are aimed to work on the outer lay- ers of the skin. Such products after application release their active ingredients. They deliver a layer of concentrated active ingredient that is rapidly absorbed. This results in excessive accumulation of ingredients within the epidermis and the dermis. Microsponges can prevent this. Possibly, the microsponge system can minimize sig- nificantly the side effect of drug like irritation without decreasing its efficacy through delivering the active ingredient gradually to the skin, like MDS Benzoyl peroxide formulations which have excellent efficacy with minimal irritation [5].

Advantages over microencapsulation and liposomes: The MDS has feature over other technologies like microencapsulation and liposomes. The rate of release of actives usually cannot be con- trolled in microcapsules. The actives contained within microcap- sules will be released once the wall is ruptured. Liposomes suffer from limited capacity, difficult formulation, restricted chemical sta- bility and microbial instability.

Advantages over ointments: Patient compliance with oint- ment is reduced due to its aesthetically unattractive, viscous and greasy nature. Ointments have low efficiency as drug delivery sys- tems, thus they cause irritation and sensitization because these compounds need high concentrations of active ingredients for ef- fective treatment. Another drawback of topical formulations is the bad odor, uncontrolled evaporation of active ingredient and poten- tial incompatibility of drugs with vehicles. The microsponge sys- tem, however, increases time during which an active resides either within epidermis or on skin surface. In the meantime, microsponge system decreases drug transdermal breakthrough into the body.

In general, advantages of microsponge drug delivery system can be summed up in what follows: [6,7]

1. It gives continuous action and prolonged release up to 12 hours.

2. Enhances product performance.

3. Decreases irritation and increases patient compliance.

4.	Gives elegance o the product.

5. Can be incorporated into different formulations.

6. Has good thermal, physical and chemical stability.

7. Non-irritant,	non-mutagenic,	non-toxic	and	non-allergenic.

8. Allows the inclusion of non-mixable substance.

9. Converts   fluids   into   powders   to   improve   material handling.

10. Improves drug bioavailability.

11. Improves treatment efficiency.

12. Has the capability of absorbing of skin secretions up to 6  times  its  weight  without  changing  its  physical  appearance ,therefore ,reducing the oiliness of the skin.

Potential features of microsponge drug delivery systems:[8-11]

1. Have stability in pH extending from 1 to 11.

2. Have stability at high temperatures up to 130°C.

3. Have self-sterilization due to pore size 0.2 5μm which pre- vents penetration of bacteria, thus they not require addition of a preservative.

4.	Have high loading capacity ranging from 50 to 60%.

5. Free flow properties and can be productive in relation to its cost.

6. Offer good compatibility with different vehicles and ingre- dients.

Characteristics  of  Materials  to  be  Entrapped  in  Micro sponges: [12,13]

Active ingredients which can be entrapped in microsponge can be incorporated into different products such as powders, creams, lotions, gels and soaps.

Some requirements must exist in material that will get en- trapped in microsponge such as:

1. It should not be water miscible or roughly only lightly sol- uble.

2. It should be inert to monomers.

3. During formulation, it should not raise the viscosity of the mixture.



4. It should not cause the spherical structure of the micro
Sponges to collapse.

5. It should be fully miscible with the monomer as well as be able to make them miscible by adding a small amount of water immiscible solvent.

6. Stable to polymerization catalysts and conditions.

7. Materials that are entrapped in the vehicle must be of re- stricted solubility to avoid problems in cosmetic preparations. The vehicles might consume micro sponges before the applica-  tion, if solubility is not restricted.

8. The microsponge capacity and polymer design for mate- rials must be optimized for desired release rate for a certain period of time.

Methods of preparation of microsponge

Microsponge drug delivery system can be prepared in two ways: one-step process or two-step process that is liquid-liquid suspension polymerization and quasi emulsion solvent diffusion techniques, respectively, that is based on physico-chemical proper- ties of drug to be loaded [14].



[image: ]

Figure 2:  Microsponge preparation by liquid-liquid suspension polymerization [15].

 





Liquid-liquid suspension polymerization

The porous microspheres are prepared by suspension polymer- ization method in liquid-liquid systems. In this method the mono- mers which are immiscible with each other, are first dissolved along with active ingredients in a suitable solvent, then are dispersed in the aqueous phase which consists of additives like surfactant or suspending agents to facilitate formation of suspension. The polym- erization is then activated by increasing temperature, irradiation, or addition of a catalyst. The polymerization process results in the formation of a reservoir type of system with spherical structure. Af- ter the polymerization process, the solvent is removed leaving the microstructure, i.e., micro sponges (Figure 2) [15-17].
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Figure 3:   Preparation of micro sponges by quasi emulsion solvent diffusion [13].

 







Quasi-emulsion solvent diffusion

Porous microspheres (micro sponges) were also prepared by a quasi-emulsion solvent diffusion method (two-step process) using an internal phase containing a polymer, such as eudragit, dissolved in ethyl alcohol. Then, the drug is slowly added to the polymer solu- tion and dissolved under ultra-sonication at 350C. A plasticizer such as triethylcitrate (TEC) was added in order to aid the plasticity. The internal phase is then poured into an external phase containing polyvinyl alcohol and distilled water with continuous stirring for 2 hours. Then, the mixture was filtered to separate the micro spong- es. The product (micro sponges) was washed and then dried in an air- heated oven at 40°C for 12 hours (Figure 3) [13-18].

Drug release mechanism from microsponge

The release of drug through micro sponges can be initiated by
following triggers:

-Solubility: Release can be achieved by diffusion taking into consideration the partition coefficient of the actives between micro sponges and outside system pH triggered system: The modification in coating of

micro sponges can be used to achieve the pH-based drug re- lease. Pressure: The release of drug from micro sponges can be achieved by applying the pressure or by rubbing [19,20]. Tempera- ture triggered system: The flow rate and release of the actives which are viscous at room temperature can be increased by increasing the skin temperature.

Evaluation of micro sponge

1. Particle Size Determination: Microsponge  particles should not be larger than 30 μm, and usually the particles range in size between 10 and 25 μm. Particle size analysis of loaded and unloaded micro sponges can be performed by laser light diffractometry or any other suitable Method [21].

2. Morphology and Surface Topography of Micro sponges: Scanning electron microscopy (SEM) of a fractured micro- sponge particle can also be taken to illustrate its ultra structure [22].

3. Determination  of  True  Density:  Microsponge  density determination can be done using an ultra- pycnometer under helium gas and can be calculated from the mean of repeated determinations [23].

4. Compatibility studies: These studies can be done through using thin layer chromatography (TLC), Fourier Transform In- fra-red spectroscopy (FT-IR), powder X-ray diffraction (XRD) and Differential Scanning Colorimetry (DSC) [24].

5. Polymer/Monomer Composition: Polymer composition of the MDS can affect partition coefficient of the entrapped drug between the vehicle and the microsponge system and hence have direct influence on the release rate of entrapped drug [23].

6. Characterization of pore structure: Use mercury intrusion
porosimetry [22].

7. Resiliency (visco elastic properties): Resiliency of micro sponges can be studied and optimized as per the requirement by considering release as a function of cross-linking with time [24].

8. Dissolution studies: This can be done Using dissolution apparatus USP XXIII with a modified basket consisted of 5μm stainless steel mesh [25].

Applications

Topical

Many topical formulations are based on microsponge drug de- livery system. Microsponge is polymer-based which allows binding or sustaining a large content of drug. This is due to its porous struc- ture, where pore count reaches about 250000 pores in 1ml/g. This results in its capability of carrying drug more than any other drug delivery system, especially in topical formulations, as it increases the residence time of drug in the dermis or epidermis area. This allows for decreasing its prolonged use, decreasing the frequency, decreasing absorption into systemic circulation and decreasing its side effect on the skin as eczema, hypersensitivity and/or rash. An- other way to prevent these side effects is using compatible, biologi- cally inert polymer that the body does not identify as a foreign body. Also, the polymers used should be non-irritating, non- mutagenic, non-allergenic, non-toxic [26-32]; (Table 1).


 


Table 1: 
Applications of micro sponges for dermatological purposes.
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Oral


The oral route is considered the most common route of ad- ministration due to its ease of access, high capability of dissolving many, and low toxicity. Although it is easy and safe, it is not compat- ible with all administered drugs, as drugs that have short life time that are excreted rapidly after administration, drugs that destroyed by the acidity of the stomach or bile juice secreted in the intestine, or drug that are needed to be in the colon to treat some medical condition. This gave rise to developing methods for controlling the release of the drug. Many drugs were formulated as microsponge that resulted in high advantages in this route of administration over nano particles, microspheres, liposomes, etc... In addition to its po- rous structure, micro sponges show longer lag time, which can pro- mote colon targeting, through protecting the drug against stomach acidity and bile secretions in the small intestine as it only releases the drug at colon PH [10,33-36]; (Table 2).





Table 2: 
Oral applications of microsponge.
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Future aspects

Tissue engineering: Tissue engineering is one of the most promising fields, as scientists believe that it can enhance quality of life of patients. One example is Vascular Tissue Engineering. The traditional way for it, is using expanded polytetrafluoroethylene (ePTFE) or Dacron that is clinically used for reconstructing large-di- ameter arteries, such as the aorta and iliac artery. They are not suit- able for small artery as they are considered as foreign bodies re- sulting in thrombosis. Hence bypass procedure is required, which necessitates more surgical intervention. Through Scaffold Design technique, a newly designed small-caliber vascular graft made of polyglycolic acid (PGA) and poly-L-lactic acid (PLLA) fibers which were compounded with collagen microsponge to form a vascular patch material and tested on dogs. These dogs were totally recov- ered with no adverse events and no administration of anti-throm- botic drugs as this graft was made of biodegradable polymers that did not need pretreatment in the form of cell seeding, thereby con- ferring better patency on small-diameter vascular grafts [37-41].

RNAi: RNA interference, or RNAi, is thought to be a natural de- fense mechanism that has evolved for the protection of organisms from RNA viruses and cancer. Cells can recognize double stranded RNA (dsRNA) as an intruder. When this happens, the enzyme Dicer is recruited to cut the foreign RNA into smaller pieces called siR- NA. These RNA pieces consist of approximately 22 nucleotides in length. One strand of the siRNA then binds to a target viral mRNA in a sequence-specific manner to interfere with its expression. There are many challenges that face the delivery of siRNA to the target site as:

1. Administrative Barrier: as it cannot be available by oral route due to its insufficient permeability across intestinal epi- thelium into circulation.

2. Immune Response and Safety: as its carrier need to be non-immunogenic, in order to prevent being destroyed before reaching the target.

3. Delivering sufficient dose without the need for frequent
doses.

Due to previous challenges, microsponge was considered to be the appropriate delivery system to overcome these challenges by using rolling circle transcription of a DNA template technique. The RNA polymers are generated by rolling circle transcription of circular DNA in a solution containing the RNA-producing enzyme RNA polymerase and RNA building blocks (nucleoside tri phosphates, NTPs). Then entangled and twisted fibrils, lamellar sheets and wrinkled sheets with semi-spherical structures are formed. Finally, the addition of  poly cationic poly ethylenimine (PEI) causes the RNAi micro sponges to condense into 200-nm- diameter PEI-coated micro sponges containing approximately 500,000 siRNA precursors each (Figure 4) [42,43].
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Figure 4:  Schematic outlining the one-pot synthesis of polymers of short double-stranded RNA (dsRNA) hairpins and their
spontaneous assembly, over approximately 20 h, into 2-μm-diameter RNAi micro sponges through a series of intermediate [42].
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