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Abstract:  Microspheres are typically free-flow powders consisting of proteins or synthetic polymers which are biodegradable in 

nature. And ideally having a particle size of less than 200μm.  They are made from polymeric waxy or other protective materials 

such as natural, semi-synthetic, and synthetic polymers. The therapeutic efficacy of microspheres containing drug depends upon 

their characteristics that can be altered in required terms by altering materials, methods, polymers, or techniques used. It is the 

reliable means to deliver the drug to the target site with specificity if modified, and to maintain the desired concentration at the site 

of interest without untoward effects. Microspheres received much attention not only for prolonged release but also for targeting 

anticancer drugs to the tumor. Microspheres are various types like Bio-adhesive microspheres, Magnetic microspheres, Floating 

microspheres, Radioactive microspheres, Polymeric microspheres, polymeric microspheres, Synthetic polymeric microspheres, and 

are prepared by methods like Spray Drying, Solvent Evaporation, Single emulsion technique, Double emulsion technique, Phase 

separation coacervation technique, Spray drying and spray congealing, Solvent extraction, Quassi- emulsion solvent diffusion.  The 

present review highlights various types of microspheres, different methods of preparation, their applications, and various parameters 

to evaluate their efficiency. 
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1. INTRODUCTION 

 

The floating drug delivery system (FDDS) is one of the materials stored in the stomach, which can prolong the GRT to achieve 

adequate drug bioavailability. The bioavailability of the drug in a dosage form is affected by many factors. An important factor is 

the gestation period (GRT) of these forms. The process of emptying the stomach from the stomach to the intestines usually takes a 

few minutes to 12 hours. This change results in an unknown bioavailability of the oral forms. 

In addition, the short working time of the digestive system may cause incomplete release of the drug from the administration of the 

drug, resulting in a decrease in the dose of the drug. Therefore, effective control of the placement of delivery products in a specific 

area of the gastrointestinal (GI) tract has many advantages, especially for drugs with absorption sites in the GI tract or drugs with 

safety issues. These decisions have led to the development of controlled drug release data, including abdominal breathing. The 

system essentially floats in gastric juice due to its high density. FDDS is for drugs with an absorption window in the stomach or 

large intestine, such as furosemide and theophylline. 

t is also used for drugs that work locally in the GI tract, such as antibiotics used to eliminate Helicobacter pylori in the treatment of 

peptic ulcers, unstable drugs in the intestines such as captopril, and drugs that are poorly soluble in the stomach. as diazepam and 

verapamil hydrochloride. Various non-effervescent and effervescent techniques have been used to complement FDDS to increase 

GRT and prepare the sliding matrix.[1] 

 

Microspheres are objects of characteristic shape, approximately spherical, 1-1000 μm in diameter, including substances or 

microcrystalline particles dispersed in a solution. The words "microcapsule" and "microsphere" are often used interchangeably. The 

drug only passes through the gastrointestinal tract (GIT) and has a short lifespan, causing immediate blood destruction. Oral 

sustained or controlled release (CR) is also designed to avoid this problem because it will slowly release the drug into the digestive 

tract and keep the drug stable in the blood for a long time. A suitable drug achieves the desired plasma drug concentration and 

remains constant throughout the treatment period. This can be done by administering traditional medicine at fixed doses and specific 

frequencies.[2] 

 

Microcarriers of nanoparticles migrate 100 nm further into the lymphoid-derived interstitium and thus become localized. Chemicals 

can be packaged for shipping and dry products can be referred to as non-liquid waste. Syringes are supplied as small multiparticle 

particles that retain and remove some of the drugs; therefore, disruption of specific subunits does not affect overall drug failure. [3] 

Medicines provide drugs that specifically target the body and have a great impact on the health of the organism. The best drug 

delivery system delivers the drug at a rate determined by the body's needs throughout the treatment, so the technology finds the 

smart way to deliver the drug by binding the drug to the materials (microspheres, nanoparticles, liposomes, etc.). The oral 
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management method is the most popular. Microspheres are tiny particles from 1um to 100um in diameter. They are free-flowing 

particles composed of proteins or synthetic polymers that are biodegradable in nature. 

There are two types of microspheres as follows: 

 

1. The microencapsulated material is surrounded by a different capsule wall. 

2. The material embedded in the micro matrix is dispersed throughout the matrix.[4] 

 

Controlled drug release systems overcome the problems of conventional therapy and improve the therapeutic effect of drugs, drug 

releases must be made for the best results. Microspheres for the development of new drugs for controlled drug release. [5]   

Microspheres differ in quality, sphericity, particle uniformity, and size distribution. The correct microsphere must be selected for 

each specific application.[6]  

 

Drug elimination kinetics, tissue distribution, metabolism, and cellular interactions are affected by behavior. Using these variables 

in pharmacodynamic behavior can increase efficacy. However, smart therapies using drug-based devices require detailed knowledge 

of the in vivo interactions that can be used to bind drugs to carrier goods. Drug elimination kinetics, tissue distribution, metabolism, 

and cellular interactions are affected by behavior. Using these variables in pharmacodynamic behavior can increase efficacy. The 

purpose of any drug delivery system is to deliver the therapeutic drug to the appropriate location in the body to ensure rapid and 

controlled drug release. A well-designed drug management system can overcome some of the problems of conventional treatments 

and improve the therapeutic effect of a given drug. For maximum treatment, it is necessary to give the best dose of the agent to the 

tissue at the appropriate time, to cause less toxicity and fewer side effects. There are many methods of delivering therapeutic drugs 

to the target site in the form of sustained release and use of microspheres as drug carriers. Microspheres are characterized as free-

flowing powders containing proteins or synthetic polymers, are biodegradable, and ideally have a particle size of 200 µm. [5]   

 

2. ADVANTAGES OF MICROSPHERES 

 

 Reducing the size can help increase the surface area and increase the strength of the material. 

 Continuous drug administration can improve patient compliance; 

 Medication and risk reduction. 

 Polymers are used in drug packaging to protect the drug from enzymatic cleavage and make it suitable for drug delivery.  

 Shorter dosing times improve patient compliance. 

 Effective drug use can increase bioavailability and reduce side effects or side effects. 

 Helps prevent stomach ulcers caused by opioid allergies. 

 Turn liquid into solid waste and eliminate bad odor. 

 Reliability refers to the ability in large numbers, to deliver the drug directly to the target site and maintain the target's target 

without any interference. 

 It reduces the amount of damage done to the outside world. 

 Degradable microspheres have advantages over large polymeric implants in that they do not require treatment for 

implantation and repositioning.[7] 

 
3. DISADVANTAGES OF MICROSPHERES  

 

 Changes in release levels in the sample. 

 Modulated dose release process. 

 Change in value sent from one batch to another.  

 Such drugs should not be broken or chewed.[8] 

 

4. MATERIALS USED IN MICROSPHERE FORMULATIONS 

 Polymers commonly used in microsphere formulations are classified as follows. 

1. Synthetic polymers 

2. Natural polymers 

 

A. Synthetic polymers fall into two types Examples of non-biodegradable polymers – are polymethyl methacrylate (PMMA), 

glycidyl acrolein methacrylate Esters, 4 epoxy grade polymers lactide, glycolide, and their copolymers, polyacrylates, 

polyacrylicyanos 

 

B. Natural polymers are derived from a variety of sources, such as proteins, carbohydrates, and chemically modified 

carbohydrates. They also use proteins such as albumin, gelatin, and collagen, carbohydrates such as agarose, carrageenan, 

chitosan, and starch, and modified carbohydrates such as polydextran, and poly-starch.[9] 

 

 

 

5. TYPES OF MICROSPHERES 

 

1. Bioadhesive microspheres  

2. Magnetic microspheres  

3. Floating microspheres  

4. Radioactive microspheres  

5. Polymeric microspheres  
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a. Biodegradable polymeric microspheres 

b. Synthetic polymeric microspheres  

 

1. Bio adhesive Microspheres: The use of adhesives to attach drugs to membranes can be defined as water-soluble adhesion 

polymers. Such microspheres exhibit a long residence time at the application site. Mouth, eyes, rectum, nose, etc. of the 

drug delivery device. adhesion to mucous membranes. 

 

2. Magnetic Microspheres: This type of administration is necessary to transport the drug to the site of infection. Location. A 

large amount of free-flowing drugs can be replaced by a small amount of magnetically focused drugs. Magnetic carriers 

receive a magnetic response to a magnetic field. 

 

3. Floating Microspheres: Floating microspheres remain in the stomach without affecting the digestive system, as the volume 

is less than the fluid in the stomach. The drug is gradually released where it is needed. It also reduces the chance of attacks 

and drug waste.[5] 

 

4. Radioactive microspheres: Radioactive mobilization therapy microspheres with a size of 10-30 nm are larger than 

capillaries. They are injected into the blood vessels that make cancer cells happy. These microspheres deliver high doses 

of radiation to the area without damaging the tissue. Different types of radio microspheres are alpha emitters, beta emitters, 

and gamma emitters.[10] 

 

5. Polymer Microspheres: Different types of Polymer Microspheres are classified as 

 

a. Biodegradable Polymer Microspheres: The idea of using natural materials like starch is that they are biodegradable, 

biophase capacitive, and bioadhesive. The polymer forms a gel by prolonging the contact time with the mucous membrane 

due to its swelling property in the aqueous medium. 

 

b.Synthetic polymer microspheres: Synthetic polymer microspheres are widely used in medicine and are also used as fillers, 

fillers, embolic particles, drug delivery vehicles, etc. It is used as an antiseptic and has been proven to be safe and 

biocompatible, but negative Microspheres seem to move away from the injection site and cause risk, embolism, and other 

damage to the body. 

 

6. CHARACTERIZATION OF THE MICROSPHERES: 

 

1. Bead size may be important to good measurement performance or may be secondary to other things. Considering the 

traditional diagnostic methods, the test or screening method usually refers to the size; for example, small spheres (~0.1-

0.4 μm) or larger cell spheroids (~4-10 μm for bead-based flow cytometry experiments) were used to ensure satisfactory 

presence in external assays. 

 

2. Common microsphere materials include polystyrene (PS), polymethyl methacrylate (PMMA), and silicon dioxide. These 

materials have different physical and optical properties, which may have advantages or limitations for different 

applications. Polymer beads are generally hydrophobic and therefore have high protein binding capacity. However, they 

usually require the use of some surfactant (such as surfactants). 

 

3. Storage buffer contains 0.01-0.1% Tween® 20 or SDS for easy use. During synthesis, functional monomers can be 

copolymerized with styrene or methyl methacrylate to form beads with reactive groups. Functional groups are available 

for covalent attachment reactions and also help control suspension. Silica microspheres are hydrophilic and negatively 

charged. Therefore, aqueous silica suspensions rarely require the use of surfactants or other stabilizers. Carboxyl and amine 

functionalized silica spheres can be used in coating processes, and silica microspheres can be modified with various silanes 

to form functional groups or alter surface properties. 

 

4. Microspheres may contain antibodies, oligonucleotides, peptides, etc. for diagnosis or isolation. can be coated with capture 

molecules such as Microsphere coatings are often optimized to meet specific performance requirements while minimizing 

adverse effects. The need for stability, development time and money and the specific biomolecules to be coated must be 

considered. These factors will help determine the best coating for both short-term and long-term goals. The microsphere 

product supports three coating strategies: adsorption, covalent binding and affinity binding. 

 

5. Many applications in the life sciences require additional energy for magnetic resonance, such as fluorescence or visible 

color or iron oxide residues. Polymer spheres (and polymer-based magnetic spheres) are often swollen with organic 

solvents and painted inside, and there are many materials. The dye can be modified to produce beads of different sizes to 

meet specific needs, such as Dragon Green or Flash Red, using QuantumPlex™ for multiplex flow cytometry experiments 

or samples to support the use image and associated QC tools. A number of surface or labeled fluorescent beads are also 

available as custom flow cytometry models. 

 

7. PREPARATION OF MICROSPHERES 

Following are the different methods of preparation of microspheres.  

 

1. Spray drying 

2. Solvent evaporation 
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3. An emulsion processes 

4. Double emulsion process 

5. Phase separation coagulation process 

6. Spray drying and spray coagulation 

7. Solvent extraction 

8. Semi-emulsion solvent diffusion 

 

a. Spray Drying: In the spray drying process, the polymer is first mixed with dichloromethane, acetone, etc. dissolves in 

organic solvents such as The drug in the form is dispersed into the polymer liquid by high-speed homogenization. The 

dispersion is then atomized in a stream of hot air. Atomization produces small droplets and the solvent evaporates 

immediately to form microspheres in the size range of 1-100μm. Microparticles are separated from the hot air by storm, 

while heavy particles are removed by vacuum drying. The biggest advantage of this process is that it can be done under 

aseptic conditions.[11]  

 

b. Solvent Evaporation: This process replaces liquid substances. Microcapsule coatings are dispersed in volatile solvents 

that are immiscible with the liquid forming the carrier phase. The microencapsulated main component dissolves in the 

polymer layer. Mixing dissolves, the main product mixture in the liquid phase to obtain microcapsules of the right size. 

Then, if necessary, the mixture is evaporated by heating and the solvent used in the polymer material shrinks around the 

polymer core and dissolves in the polymer solution. Matrix-type microcapsules are formed if the main product is 

dissolved in the layer polymer solution. The main components are water-soluble or soluble components.[5] 

 

c. Single Emulsion Technology: The microparticle carrier of natural polymers, proteins, and carbohydrates, is prepared by 

an emulsion technology. Natural polymers are dissolved in aqueous media and then dispersed in non-aqueous media such 

as oil. In the next step, the connection between the dispersion spheres takes place. Crosslinking can be done with heat or 

using chemical crosslinking agents. Chemical compounds used in T include glutaraldehyde, formaldehyde, and acid 

chlorides. Thermal denaturation is not suitable for unstable products. The disadvantage of combining chemical 

compounds is that the active ingredients are added during preparation, followed by centrifugation, washing, separation, 

drug use, and surfactant products used to control the level of active ingredients and emulsion. The size of the final multi 

particulate product is affected by particle size, distribution, surface morphology, and charged drug release and 

bioperformance.[11] 

 

d. Double emulsion technology: This microsphere preparation involves the production of various emulsions or w/w/w type 

double emulsions that are ideal for water-soluble drugs, peptides, proteins and blocked chemicals. This method can be 

used for natural and synthetic polymers. The aqueous protein solution is dispersed in a lipophilic organic continuous 

phase. These protein supplements will contain active ingredients.[5] 

 

e. Phase Separation Coacervation Technique: This technique is based on the principle of reducing the solubility of polymers 

in the organic phase, which affects the formation of the polymer-rich phase called coacervate. In this method, the drug 

is dispersed in a polymer solution and an incompatible polymer is added to the system to form the first polymer for phase 

separation.[11] 

 

f. Spray Drying and Spray Coagulation: This method is based on air drying of the polymer and chemical mist. Depending 

on the solvent removal or the cooling of the solution, the two methods are called spray drying and spray condensation.  

non-aqueous solvent extraction. The process involves a water-miscible organic solvent, which is isopropanol[11] 

 

g. Quasi-emulsion solvent diffusion: Information about A new quasi-emulsion solvent diffusion method use of acrylic acid 

polymers to produce drug-controlled-release microspheres. Microsponges can be produced by the semi-emulsion solvent 

diffusion method using an outer phase of distilled water and polyvinyl alcohol. The internal phase consists of chemicals, 

ethanol, and polymer. First, the inner phase is prepared at 60 °C and then added to the outer layer at room temperature. 

The mixture is then emulsified and mixing is continued for 2 hours. The mixture can then be filtered to separate the micro 

sponges.[5] 

 

 

 

 

 

8. MECHANISM OF ACTION 

 

 In an aqueous medium, the ester linkages in the microspheres are hydrolyzed and the polymer undergoes water absorption, 

mass loss, molecular weight, and volume. reduction or Heterogeneous erosion. This occurs in four main stages, namely the hydration 

step, initial degradation, sustained degradation, and polymer dissolution. During the hydration phase, the polymer absorbs water to 

begin its degradation. Hydrogen bonds and van der Waals forces affect the primary and secondary structures of the microspheres, 

leading to the sign of acidic oligomers (A&B, 2001) and reducing Tg. Next, first-stage degradation occurs, where covalent bonds 

in the polymer backbone are broken, forming oligomers with acidic end groups, resulting in loss of mechanical strength and 

reduction in molecular weight. Subsequently, the quality and integrity of the polymer is lost by the different acid oligomers in 

temporary degradation, which accelerates the absorption of water. The final stage is polymer dissolution, in which the oligomers 

separate to become water-soluble molecules. In an aqueous medium, MICROSPHERE microspheres exhibited drug release in three 

release phases. Diffusion of biological fluids into microsphere particles is faster than after ester hydrolysis, and microsphere 
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degradation occurs by exposure to aqueous medium. Initial release occurs when the microspheres encounter an aqueous 

environment and become wet, allowing drug molecules on or near the microspheres to dissolve and release into the environment. 

In addition, the water in the environment diffuses into the microspheres due to the strong osmotic pressure (swelling). Interestingly, 

it has been reported that initial microsphere swelling can lead to a "skin" layer on the surface due to pore closure, thereby delaying 

initial drug release and increasing commercial efficacy. The next stage is the hydration stage, in which the acidic environment 

created by the accumulation of oligomeric acids in microspheres causes autocatalysis; microspheres are often disrupted "from the 

inside", suggesting a pH gradient 

 

During this time, the microspheres remain hydrated and the molecular weight of the polymer decreases continuously. In addition, 

clonidine-loaded PLGA microspheres have been reported to undergo tearing, swelling, and water release during release due to 

initial microsphere swelling. Swelling of microspheres may result from polymer relaxation caused by increased osmotic pressure 

due to the combination of dissolved substances and degradation. The high porosity of this formulation allows easy access to water 

to the ester bonds of the polymer and easy flow of the drug through the microspheres, which may be the main reason for the short 

treatment time with this formulation compared to less porous formulations. The hydration phase is followed by a transient release 

in which the encapsulated drug diffuses out of the degraded polymer microspheres. This is controlled by polymer erosion until full 

drug release. During this time, most of the drug molecules are not released directly into the environment; thus, drug release will be 

faster 

 

9. APPLICATION OF MICROSPHERES  

 

1. Immunoassay 

Multiple antibodies can be performed simultaneously on the microsphere array as long as the test conditions (incubation 

time, reagent addition order, washing) are the same or can be combined. For a large number of antibody products, the 

standard curve is optimized one test at a time, the capture of the reaction is combined with beads, and the test of Antibodies 

binds to the reporter molecule (Figure 1). The principle of ELISA development is to determine the titer of each reagent 

and change the incubation time, temperature and washing conditions. Microsphere-based analysis can often be performed 

without a cleaning step if the sample has a low background and potentially interfering particles. 

 

2. Quantification of Cytokines 

Cytokines, Chemokines, and Growth Factors (hereinafter referred to as "Cytokines", "Chemokines" and "Growth Factors") 

are ideal candidates for quantitative analysis because of their interactions between hematological and immunological 

functions. Cell fluctuations at various levels often cause changes in other cytokines. Therefore, it is better to simultaneously 

measure the release rate of analytes in the same response area under various physiological conditions. Microspheres coated 

with HLA class I and II antigens were used to test for HLA antibodies before transplantation (One Lambda, Canoga Park, 

CA, USA). This technology has recently been used by the Luminex platform and has the potential for DNA-based HLA 

typing and antibody testing for specific HLA antigens . 

 

3. Autoimmune Test 

The first FDA-approved application of the microsphere-based multiplex immunoassay is a kit for the diagnosis of 

autoimmune disease (Zeus Scientific, Inc., Raritan, NJ, USA). These include IgG antibodies against SSA, SSB, Jo-1, 

Histone, Sm, RNP, Centromeric B and Scl-70 markers. Protein Phosphorylation Assays Traditional techniques used to 

quantify phosphorylated proteins include Western blot analysis and immunological or isotopic identification of modified 

proteins. Both processes may require several days of modeling. Microparticle-based capture and detection of 

phosphorylated proteins is a rapid, measurable flow cytometry method [56]. Phosphorylation of the signal protein ERK-2 

was detected with a phosphoprotein-specific antibody (Bio-Rad Laboratories, Hercules, CA, USA). Another method uses 

anti-phosphoserine and phosphothreonine antibodies to measure serine or threonine kinase activity 

 

 

 

 

 

 

10. CONCLUSION  

 Microspheres are better choices of drug delivery system as compared to many other systems of drug delivery. In coming 

future by combining different techniques, methods and other strategies microspheres will find a prominent place in Novel drug 

delivery system. Microsphere is a short term but it is having wide applications in drug delivery systems to get desire biological 

activity. In recent years, there have been increased number of studies on microsphere and its diverse role in medical science. 

Microspheres can be prominently used in future for diseased cell sorting, diagnostics, gene and genetic materials, safe, targeted, 

specific and also effective for in vitro delivery and supplements as miniature version of diseased organ and tissues in the body. 

From the study it is proved that Microspheres act as effective carriers for the novel drug delivery system. 
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