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Abstract 
The idea of targeted drug delivery is to concentrate the treatment in the target tissues while lowering 

the relative concentration of the drug in the non-target tissues. As a result, the medication is 

concentrated at the desired location. As a result, the medication has no effect on the tissues nearby. 

Therefore, by combining the drug with a carrier particle like microspheres, nanoparticles, liposomes, 

niosomes, etc. that regulates the release and absorption characteristics of the drug, carrier technology 

offers an intelligent way for drug delivery. Microspheres are naturally biodegradable powders made of 

proteins or synthetic polymers that flow freely and preferably have a particle size of less than 200 m. If 

improved, it is the trustworthy method for maintaining the desired concentration at the site of interest 

without unfavourable effects and reliably delivering the drug to the target site with specificity. 
 

Keywords: Microspheres, controlled release, types of microspheres, methods of preparation, 

applications 

 

Introduction 

Microspheres are defined as solid, roughly spherical particles with a diameter of 1 to 1000 

m, comprising dispersed pharmaceuticals in specific solutions or microcrystalline shapes. 

Micro particles used in skin applications guarantee that the medicine remains localised at the 

application site and does not enter the systemic circulation needlessly. This is necessary to 

facilitate the release of the medication into the skin. They serve as a reservoir that slowly 

releases an active component to keep a medication product's therapeutic concentration in the 

skin while reducing undesirable side effects. As a result, there are fewer cycles of over- and 

under-medication. It is particularly important for lowering antibiotic resistance while treating 

infectious disorders. The integration of these distribution methods into the proper vehicles 

can help improve product safety [1].  

 

 
 

Fig 1: Microsphere 

 

In comparison to traditional therapy, microspheres increase the efficacy of pharmacological 

therapy. NSAIDs, hormones, proteins, peptides, tissues, and other medications were all 

encased inside the microspheres. Microspheres come in two different varieties [2] 

 Microcapsules 

 Micro matrices.  

 

History of microsphere 

The first dermal filler substance, Zyderm, was debuted in 1982 and was very well accepted. 

We were all waiting for this material, and it finally arrived. Although it continues to be one 

of the safest substances injected into the dermis, the initial excitement has subsided due to its  
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brief duration. According to the senior author's three 

decades of experience with all types of autologous grafts, 

including dermal, fat, cartilage, bone, and tendon, they will 

fall out in locations where they do not retain their natural 

biologic function. After a few months, most of these 

grafting materials leave only a little amount of scar tissue 

behind. A scaffold made of nonresorbable synthetic material 

must be used to continuously stimulate the connective tissue 

in order to induce collagen deposition over a longer time. 

He investigated all varieties of micro particles made from 

various synthetic materials presently employed in medicine 

in an effort to find a solution to this issue. These were 

suspended in either Tween 80 or gelatine to make injections 

into rats easier. 

    

Types of microsphere 

 Bio adhesive microsphere 

 Magnetic microsphere 

 Floating microsphere 

 Radioactive microsphere 

 Mucoadhesive microsphere 

 Polymeric microsphere 

 Biodegradable polymeric microsphere 

 Synthetic microsphere 

 

 Bio adhesive microspheres  

Adhesion is the sticking of a substance to a membrane using 

the adhesive properties of water soluble polymers. Bio 

adhesion is the attachment of a medication delivery device 

to a mucosal membrane, such as the buccal, ocular, rectal, 

nasal, etc. Materials that adhere to biological substrates, 

such as mucosal members, are referred to as having "bio 

adhesion." The ability of establishing a close and persistent 

contact at the site of administration exists due to the 

adhesion of bio adhesive drug delivery devices to the 

mucosal tissue. By reducing the frequency of delivery, this 

extended residence time can improve patient compliance 

while also enhancing absorption when combined with a 

controlled drug release. By affixing the drug to a carrier 

particle such microspheres, Nano spheres, liposomes, 

nanoparticles, etc., which controls the release and 

absorption of the medication, carrier technology offers an 

intelligent method for drug delivery. These particulate drug 

delivery techniques rely heavily on microspheres due to 

their small size and effective carrier capacity. 

 

Magnetic microspheres 

This type of delivery mechanism is crucial for directing the 

drug to the site of the sickness. In this case, a smaller 

amount of a medicine that is magnetically targeted can 

replace a larger amount of a drug that is freely circulating. 

Materials utilised for magnetic microspheres such as 

chitosan and dextran are integrated into magnetic carriers, 

which receive magnetic responses to a magnetic field. The 

various types are Chemotherapeutic agents are delivered to 

liver tumours using therapeutic magnetic microspheres. 

Through this technique, drugs like proteins and peptides can 

also be targeted. 

The principle behind the magnetic drug delivery method is 

that the medication can either be conjugated on the surface 

of a magnetic microsphere or enclosed within one. They are 

able to locally deliver the medication due to the carrier's 

accumulation at the target site. 

 

Floating microspheres 

Because the bulk density of floating kinds is lower than that 

of gastric fluid, they float unaffected by the rate at which the 

stomach empties. If the system is floating on stomach 

content, the drug is released slowly at the desired rate, 

which increases gastric residence and causes plasma 

concentration to fluctuate. Additionally, it lessens the 

likelihood of striking and dose dumping and generates a 

sustained therapeutic impact. Medication (ketoprofen) 

administered via this form. 

 

Radioactive microspheres 

Radio-embolization treatment when microspheres larger 

than capillaries (10-30 nm) come into contact with them, 

they tap into the first capillary bed. They are injected into 

the arteries that supply the target tumour. As a result, these 

radioactive microspheres deliver a high radiation dose to the 

desired locations while sparing the healthy tissues around 

them. As opposed to medication delivery systems, it does 

not use radioactivity. 

The many types of radioactive microspheres are emitters, 

emitters, emitters and are released from microspheres but 

act at a radioisotope typical distance. 

 

Mucoadhesive microspheres 

The addition of mucoadhesive properties to microspheres 

has additional benefits, such as efficient absorption and 

enhanced bioavailability of the drugs due to a high surface 

to volume ratio, a much more intimate contact with the 

mucus layer, and specific targeting of drug to the absorption 

site achieved by anchoring plant lectin. Mucoadhesive 

microspheres are of 1-1000mm in diameter and consist 

either entirely of a Mucoadhesive polymer or having an 

outer coating With the ability to stick to any mucosal tissue, 

including that of the eye, nasal cavity, urinary tract, and 

gastrointestinal tract, mucoadhesive microspheres provide 

the possibility of both localised and systemic controlled 

drug release. 

 

Polymeric microspheres  

The various kinds of polymeric microspheres can be divided 

into: 

 

Biodegradable polymeric microspheres  

The idea behind the use of natural polymers like starch is 

that they are biodegradable, biocompatible, and bio adhesive 

by nature. Due to their extreme swelling capacity in aqueous 

media, biodegradable polymers extend the residence time 

when in contact with mucous membranes, causing gel 

formation. The rate and degree of medication release is 

controlled by concentration of polymer and the release 

pattern in a sustained way. The key disadvantage is that 

biodegradable microspheres' drug loading efficiency in 

clinical settings is complex, making it challenging to 

regulate drug release. 

 

Synthetic polymeric microspheres 

In addition to being used as bulking agents, fillers, embolic 

particles, drug delivery vehicles, etc., synthetic polymeric 

microspheres are also frequently used in clinical 

applications and have proven to be both safe and 

biocompatible. The main drawback of these microspheres is 

that they have a propensity to migrate away from the 
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injection site, increasing the risk of embolism and 

subsequent organ damage [4].  

 

Component 

Polymers are frequently utilised as microspheres. They are 

divided into two categories: 

1. Natural polymers 

2. Synthetic Polymers 

 

Natural polymers derived from various sources, including 

proteins, carbohydrates, and chemically altered 

carbohydrates. 

 Starch, agarose, carrageenan, chitosan, and other 

carbohydrates 

 Proteins: Gelatin, Albumin, and Collagen Poly dextran 

and poly starch are examples of chemically modified 

carbohydrates. 

 

There are two categories of synthetic polymers. 

 Biodegradable polymers For instance, lactides, 

glycolines, and their co-polymers Poly alkyl cyano 

acrylates and poly anhydrides 

 Non-biodegradable polymers PMMA, Glycidyl 

methacrylate, acrolein, and epoxy polymers are a few 

examples. 

 

 
 

Synthetic polymers 

A possible drug carrier for ocular, oral, and parenteral 

formulations is poly alkyl cyano acrylates. Anti-neoplastic 

substances like cisplatin, cyclo Phosphoramide, 

doxorubicin, and narcotic antagonist are suitable carriers for 

sustained release. Co-polymers of poly lactic acid and poly 

glycolic acid are utilised to manufacture anti-malarial drugs 

for prolonged release. Timolol maleate is enclosed in poly 

adipic anhydride for opthalmic administration. Functional 

microspheres are those made of poly acrolein. Since the 

surfacial free aldehyde groups over the poly acrolein can 

react with the Ammonia group of protein to generate 

Schiff's base, they do not need any activation steps. 

 

Natural polymers  

An abundant natural protein is albumin. This is thought to 

be a possible protein or drug carrier (for their site specific 

localization). It is frequently utilised to deliver drugs 

specifically to cancerous tumour cells. To transport 

medications or biological response modifiers like interferon 

to phagocytes, gelatin microspheres can be employed as a 

carrier system. Polysaccharide starch is a kind of 

carbohydrate. It is made up of the basic unit glucopyranose, 

which upon hydrolysis produces D-glucose. Being a 

polysaccharide, starch contains a lot of free hydroxyl 

groups. Numerous active compounds can be integrated into 

and made active on the surface of microspheres using these 

free hydroxyl groups. A deacylated form of chitin is 

chitosan. The impact of chitosan given consideration due to 

its Charge. Although it forms salts with both inorganic and 

organic salts, it is insoluble at neutral and alkaline PH 

values. Chitosan's amino groups undergo hydrogenation 

during breakdown, and the resulting polymer acquires a 

positive charge. 

Microspheres should meet the following requirements: 

1. The medicine should be present in a fair amount of 

concentration.  

2. After synthesis, the preparation must be stable and have 

a respectable shelf life. 

3. Particle size and solubility in aqueous injection vehicles 

are controlled. 

4. Controlled release of an active medicinal ingredient 

over a broad time range. 

5. Suitability for a biodegradability that can be controlled. 

6. Subject to chemical alterations [5].  

 

Method of preparation 

1. Spray Drying 

2. Solvent Evaporation 

3. Single emulsion technique 

4. Double emulsion technique 

5. Phase separation coacervation technique 

6. Spray drying and spray congealing 

7. Solvent extraction 

8. Quassi emulsion solvent diffusion 

 

Spray Drying  

In the spray drying process, the polymer is first dissolved in 

a volatile organic solvent like acetone or dichloromethane. 

The medication is then homogenised at a high speed and 
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disseminated in a polymeric solution. Then, a heated air 

stream atomizes this dispersion. When a substance is 

atomized, it creates tiny droplets from which the solvent 

rapidly evaporates, creating microspheres that range in size 

from 1 to 100 m. The cyclone separator separates micro 

particles from hot air while vacuum drying eliminates any 

remaining liquid. One of this procedure' main benefits is its 

ability to operate under aseptic environments. 

 

 
 

Fig 2: Spray drying method 

 

Solvent Evaporation  

This procedure is carried out during the liquid 

manufacturing phase of the vehicle. The microcapsule 

coating is distributed in a volatile solvent that can mix with 

the liquid manufacturing process' vehicle phase. In the 

coating polymer solution, a microencapsulated core material 

is dissolved. Agitation to create the proper size 

microcapsule, the core material mixture is dissolved in the 

liquid manufacturing vehicle phase. The solvent for the 

polymer of the core material is then dissolved in the 

polymer solution, and if additional heating is required to 

cause the mixture to evaporate, the polymer around the core 

shrinks. Matrix-type microcapsules are created when the 

covering polymer solution dissolves the core material. 

Either water-soluble or soluble elements make up the 

essential components. 

 

 
 

Fig 3: Solvent evaporation method 

 

Single emulsion technique 

To make the micro particle carriers for the natural polymers, 

like proteins and carbohydrates, the single emulsion method 

is used. Natural polymers are spread in a non-aqueous 

liquid, such as oil, after being dissolved in an aqueous 

medium. The next stage involves cross-connecting the 

dispersed globules. The cross-linking can be produced using 

heat or chemical cross linkers. The chemical cross-linking 
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agents utilised are acid chloride, formaldehyde, and 

glutaraldehyde Heat denaturation is not appropriate for the 

herm labile substance. Chemical cross-linking, which has 

the disadvantage of overexposing the active ingredient to 

chemicals, can significantly affect the final product's size, 

size distribution, surface shape and loading drug release, 

and bio performance if applied during preparation and 

subsequently subjected to centrifugation, washing, or 

separation. 

 

 
 

Fig 4: Single emulsion technique 
 

Double emulsion technique  

The ideal candidates for this method of microsphere 

preparation include water soluble medications, peptides, 

proteins, and vaccines. It involves the formation of multiple 

emulsions or double emulsions of type w/o/w. Both natural 

and synthetic polymers can be employed using this 

technique. The lipophilic organic continuous phase contains 

a dispersion of the aqueous protein solution. The active 

ingredients could be present in this protein solution. 

 

 Phase separation coacervation technique 

This method is based on the idea that when polymers 

become less soluble in organic phases, coacervates-a phase 

rich in polymers—become more likely to develop. This 

method involves dispersing drug particles in a polymer 

solution before adding an incompatible polymer to create 

the first polymer needed for phase separation. 

 

Spray drying and spray congealing  

 These techniques rely on the polymer and medication mist 

in the air drying. Both spray drying and spray congealing 

depend on the elimination of the solvent or the cooling of 

the solution. 

 

 Solvent extraction  

The process of making micro particles by solvent 

evaporation entails removing the organic phase by 

extracting the non-aqueous solvent. Isopropanol, an organic 

solvent that is water miscible, is used in this procedure. 

 

 
 

Fig 5: Solvent extraction 

 

Quassi emulsion solvent diffusion 

The literature has described an unique quasi-emulsion 

solvent diffusion process for creating drug controlled release 

microspheres made of acrylic polymers. The Quassi 

emulsion solvent diffusion method can be used to create 

micro sponges by employing an external phase that contains 

polyvinyl alcohol and distilled water. The medication, 

ethanol, and polymers make up the interior phase. The 

external phase is added to the internal phase after the 

internal phase has first been created at 60oC. After that, the 

liquid is continually swirled for 2 hours to create an 

emulsion. To separate the micro sponges, the mixture can 

then be filtered [6]. 

 

Evaluation test 

Physicochemical Evaluation 

Characterization Particle size and shape: 

In the case of double-walled microspheres, light microscopy 

(LM) offers control over the coating parameters. The 

architecture of the microspheres may be seen before and 
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after coating, and the difference can be observed and 

quantified microscopically. When particles are cross-

sectioned, scanning electron microscopy (SEM) can be 

utilised to examine double walled systems as well as the 

surfaces of microspheres. 

 

Attenuated total reflectance FT-IR Spectroscopy 

The deterioration of the carrier system's polymeric matrix is 

assessed using FT-IR. Measurements of alternating total 

reflectance are used to analyse the microspheres' surface 

(ATR). Depending on the conditions and processes used 

during manufacture, the ATRFT-IR can reveal information 

about the microspheres' surface composition. 

 

Density determination 

A multi volume pychno meter can be used to determine the 

density of the microspheres. A cup containing a precisely 

weighed sample is put into the multi volume pychnometer. 

In the chamber, helium is supplied at a steady pressure and 

given room to expand. The pressure inside the chamber 

decreases as a result of this expansion. It is noted that there 

are two consecutive readings of pressure reduction at 

various initial pressures. The density of the microsphere 

carrier is calculated from two pressure readings. 

 

Isoelectric point  

The micro electrophoresis is a device that measures the 

electrophoretic mobility of microspheres and uses that 

information to calculate the isoelectric point. The time of 

particle movement over a distance of 1 mm is used to 

compute the mean velocity at various PH values ranging 

from 3 to 10. This information can be used to estimate the 

particle's electrical mobility. 

 

Entrapment efficiency 

Five milligrams of the medication were contained in 

microspheres, which were crushed and then dissolved in 

distilled water using an ultrasonic stirrer for three hours. 

The solution was then filtered and examined using UV-vis 

spectroscopy. The ratio of the actual drug content to the 

theoretical drug content is the entrapment efficiency. 29% 

Actual content/theoretical content multiplied by 100 is 

entrapment. 

 

Swelling index 

This method was employed for Microspheres were 

described using the swelling index technique. Microspheres 

(100 mg) were placed in a wire basket and kept on a 

different solution (100 mL) that included buffer solution of 

pH (1.2, 4.5, and 7.4 and distilled water. Swelling was 

allowed at 37 oC, and changes in weight variation between 

the initial weight of the microspheres and weight due to 

swelling were measured by taking weights periodically and 

soaking in filter paper. 

 

Angle of contact 

The angle of contact is measured in order to ascertain a 

micro particulate carrier's wetting capacity. It establishes 

whether microspheres are hydrophilic or hydrophobic based 

on their nature. At the interface of the solid, air, and water, 

the angle of contact is measured. A droplet is placed in a 

circular cell that is put above the objective of an inverted 

microscope to determine the angle of contact. Within a 

minute of the microspheres being deposited, the contact 

angle is measured at 200C. 

 

Modified Keshary Chien Cell 

In the laboratory, a unique device was created. It included a 

Keshary Chien cell with 50 cc of distilled water heated to 

370 °C for use as the dissolution media. A glass tube with a 

10# sieve at the bottom was used to contain TMDDS (Trans 

Membrane Drug Delivery System), which was reciprocated 

in the medium at a rate of 30 strokes per minute. 

 

Dissolution apparatus 

Both rotating parts, the paddle and the basket, have been 

utilised in standard USP or BP dissolution apparatus to 

evaluate in vitro release characteristics. The study's 

dissolution media ranged from 100 to 500 ml, while the 

rotational speed ranged from 50 to 100 rpm. 

 

Animal models 

Animal models are mostly employed for screening series of 

compounds, researching the mechanisms and utility of 

permeation enhancers, or assessing a collection of 

formulations. In general, the technique starts with 

anaesthesia of the animal before administering the 

medication. In rats, the oesophagus is tied shut to block 

absorption routes other than the oral mucosa. The blood is 

taken out and examined at various times. 

 

Stability studies 

By putting the microspheres in a glass container with a 

screw-on lid and keeping them in the following conditions: 

 Ambient humid condition  

 Room temperature (27+/-2 0C)  

 Oven temperature (40+/-2 0C)  

 Refrigerator (5 0C -80C). 

 

Analyses of the microsphere's drug content were conducted 

throughout a 60-day period [7].  

 

Advantages of microsphere 

1. A reliable method to maintain the required 

concentration at the site of interest while delivering the 

drug to the target location with specificity, if adjusted. 

2. Solid biodegradable microspheres have the ability to 

deliver drugs in a regulated manner over the entire 

particle matrix. 

3. Microspheres attracted a lot of attention for their 

extended release as well as their ability to direct 

anticancer medications to the tumor. 

4. It has been discovered that the size, surface charge, and 

surface hydrophobicity of microspheres have a 

significant role in predicting the fate of particles in vivo. 

5. Research on the uptake of microspheres by 

macrophages has shown that they can be used to deliver 

medications to infections that are intracellular. 

6. Blood flow determination: 

 

For studies of regional blood flow in tissues and organs, 

relatively large microspheres (10–15 m in diameter) are 

helpful. The microspheres are often injected at specific 

points in the circulatory system, where they gradually settle 

in the capillaries. First, the tissue sample's microspheres and 

any fluorescent dyes are removed, and then the fluorescence 
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is measured using a spectrofluorometer or a fluorescence 

micro plate reader. 

Fluorescent microspheres have proven to be more accurate 

in measuring chronic blood flow than radiolabelled 

microspheres, which have traditionally been used in this 

kind of research [8]. 

 

Disadvantages 

 The shape of drug outflow from measures varies with a 

variety of circumstances, including intrinsic and 

external influences, diet, and the rate of transit through 

the stomach. 

 The difference in the rate of delivery from one section 

to the next. 

 Controlled discharge arrangements typically involve a 

large number of medications, so if the measurements 

structure discharge hallmark disappears, it could lead to 

the emergence of potential poisoning and treatment 

failure. 

 Such measuring constructions shouldn't be chewed or 

crushed. 

 Short drug stacking for the regulated administration 

measurement structure (maximum of half).  

 Once controlled, it is challenging to completely remove 

the transporter from the body. 

 Parental transmission of the microsphere may cooperate 

or erect structures with the blood segment [9].  

 

Application of microsphere 
Table 1: Types of microsphere and application

 

Types of microsphere Application 

Bio adhesive 

microsphere 

Buccal, oral, ocular, nasal, colonic drug delivery Nasal-Gentamicin insulin, GI-glipizide Colonic-insulin Ocular- 

methyl prednisolone 

Magnetic microsphere Used in DNA analysis, cell isolation, protein purification and targeting drugs to tumours sites 

Floting microsphere 
Carrier for drugs like antiviral; antifungal and antibiotic agents, non-steroidal anti-inflammatory drugs, prednisolone, 

lansoprazole 

Radioactive 

microsphere 

For diagnostic purpose- diagnostic radio embolization; Tc-macroaggregated human serum albumin(MAA), 

Thrombus imaging in deep vein thrombosis: mTc- sulphur colloid For therapeutic purpose- Radio embolization of 

liver and spleen tumours: Y- microsphere, local radiotherapy: Pb - sulphur colloid 

Polymeric microsphere 

Vaccine delivery: Hepatitis, influenza, pertussis, dipyheria toxoid, oral drug delivery of easily degraded drug: gene 

therapy with DNA plasmid, delivery of insulin, LHRH Controlled drug delivery after local application: release of 

proteins, hormones and peptides over extended times [10] 

 

Conclusion 

The process of a medicine being absorbed in the 

gastrointestinal tract is very variable, and the longer the 

dosage form is retained in the stomach, the longer it will 

take for the drug to be absorbed. Ionotropic gelation of 

microspheres has promise as a potential strategy for gastric 

retention. Although there are a number of challenges to 

overcome in order to achieve prolonged gastric retention, 

many businesses are working to commercialise this method. 

Microspheres will play a key role in novel drug delivery in 

the future by fusing together a variety of other strategies, 

especially in diseased cell sorting, diagnostics, gene & 

genetic materials, safe, targeted, and efficient in vivo 

delivery, and supplements as miniature representations of 

diseased organs and tissues in the body. 
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