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Abstract- Microspheres have been used in a variety of drug situations for these reasons. The microsphere and microcapsule 

are interrelated. The microsphere is characterized as a free-flowing powder comprising proteins or manufactured polymers 

that are biodegradable in nature and preferably have a molecule size ranging from 1 to 1000 microns. However, a 

microcapsule is characterized as a spherical particle with a size varying between 1 micron and 2 mm, albeit with an 

outrageous size of 6mm. Microspheres are suitable for advantageous and tolerable drug administration via many routes; 

they can be integrated into various routes and into various pharmaceutical dosage forms like solids, semisolids, and liquids. 

Perhaps harmful substances can be encapsulated. Microspheres are comprised of a few materials, including polystyrene, 

polyethylene, glass, ceramics, and other polymers. The historical backdrop of the microsphere, its merits and demerits, 

kinds of microspheres, biodegradable polymers, the drug discharge component with microsphere structures, and different 

types of formulations and microspheres are assessed by utilizing various techniques that examine the nature of the 

microsphere and furthermore incorporate its applications. Later on, by joining different procedures, microspheres will get 

a focal spot in the conveyance of new drugs, particularly in the order of diseased cells, safe, targeted, and effective in vivo 

delivery, diagnosis, diagnostics gene and genetic material, and supplements in miniature versions. 

 

Keywords: Introduction, The origin of microsphere, Merits and Demerits, Mechanism, Types, Biodegradable Polymers, 

Formulation, Evaluation, Applications. 

 

INTRODUCTION: 

Presently, the improvement in new drug conveyance frameworks plays a crucial role in drug enterprises. [1] The drug conveyance 

practice has been changed somewhat recently, and surprisingly, many high-level developments have occurred as of late. Drug 

products that broaden discharge originally showed up as a significant new class of measurement structure in the last part of the 

1940s and early 1950s. Throughout the long term, many terms like sustained release, sustained action, prolonged action, controlled 

release, extended release, time release, and long acting have been utilized by manufacturers to depict product types and highlights 
[1]. 

The term "control" incorporates peculiarities like protection and masking, decreased disintegration rate, assistance in dealing with, 

and spatial focusing of the active ingredient. Controlled-release products are intended to keep up with the consistent restorative 

scope of the drug over delayed periods and offer the fewest incidental effects. For the most part, controlled release products 

administered by any course are planned to such an extent that the pace of drug assimilation ought to be equivalent to the pace of 

drug elimination [1]. These products can be directed by different routes, including oral (per oral, buccal, sublingual), parenteral 

(intramuscular, intravenous, subcutaneous, intradermal, intraperitoneal), transdermal, respiratory, nasal, and so forth. 

Compared with controlled release dosage forms, conventional drug delivery provides a sharp increase in drug concentration, often 

reaching toxic levels and following a relatively short period at the therapeutic level of the drug concentration. So controlled-release 

products are utilized now. Out of totally controlled release products, microspheres offer various benefits over existing innovative 

products that show more potency and have better viability in in vivo drug conveyance frameworks [1]. Microspheres are round 

miniature particles with a range of 1–1000 microns, and the well-known matrix or reservoir structure they exist in has various 

structures (Figure 1). 

The principle trail perception on proteinoid microspheres was made by Sidney W. Fox, Kaoru Harada, and their associates in 1959. 

Fox-made microspheres made by proteinoids are overflowed with salt solution [5]. It enjoys a few benefits and is applied in a few 

fields aside from the pharmaceutical industry. Restrictions, for example, higher product costs because of the more costly excipients 

in the details or the more sophisticated equipment and processes, as well as stricter quality control [2]. The optimal qualities of 

microspheres are that they have the ability to control the delivery rate for a predefined timeframe, solidity of the readiness after 

blend with a clinically satisfactory timeframe of realistic usability, controlled molecule size and scattering of the drug in fluid 

dissolvable for parenteral administration, and biocompatibility with a controlled biodegradability. 

Eventually, the total dose and a few adverse reactions might be diminished since a consistent plasma fixation is maintained. Various 

sorts of polymers are utilized in the preparation of microspheres planned for oral administration. Lately, much exploration in drug 

conveyance has been centered on biodegradable polymer microspheres. The fundamental point of getting ready microspheres is to 

change fluids completely to solids, adjust colloidal and surface properties, give environmental protection, and control the delivery 

attributes by utilizing the coating materials [1]. The success of any microencapsulation technique depends upon many factors, for 
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example, the drug solvency, partition coefficient, effectiveness, polymer structure, atomic weight, and so on. The clearance kinetics, 

tissue dispersion, metabolism, and cell interactions of the drug are unequivocally impacted by the way the carrier behaves. 

The proper microsphere should be picked for every remarkable application. A wide assortment of drugs, including little atomic 

drugs, protein drugs, antisense oligonucleotide-based drugs, and genes, have been integrated into the microsphere and are being 

further researched [3]. 

 

 
Figure1: The image of microsphere [15] 

 

THE ORGIN OF MICROSPHERE: 

At the turn of the 20th century, the scientists had become interested in the stability of colloids, both the dispersions of solid particles 

and the solutions of polymeric molecules. In 1911, the German chemist F.W.Tiebackx noted that mixing up specific polymer 

solutions may also cause flocculation. While researching lipophilic colloidal dispersions in 1929, Dutch chemists Hendrik G. 

Bungenberg de Jong and Hugo R. Kruyt came up with the word "coacervate" [10]. The name alludes to how colloidal particles cluster. 

In the 1920 s, Russian chemist Oparin postulated that microscopic, spontaneously produced spherical lipid molecules held together 

by electrostatic force. 

 
Hendrik G.Bungenberg   [4]                           Sidney W.Fox [5] 

 

Unaware of Oparin's idea, Haldane held that simple organic molecules first formed before evolving into progressively complex 

aggregates (coacervates and microspheres), which eventually gave rise to cells. Research on the origin of life, specifically the 

production of microspheres, was built on the theories of Haldane and Oparin. By 1922, huge quantities of glass microspheres with 

high refractive indices had been ordered to make film screen coatings [9]. Scientist Stanley Miller conducted the Miller-Urey 

experiment with the help of Harold Urey in the early 1950s. 

In the Miller-Urey experiment, hydrogen, ammonia, and methane were used to boil water in a flask. The contraption had two 

electrodes that generated an electrical charge as the gases passed past them. Stanley Miller noticed that the water contained acids 

and amino acids when the gases condensed after being cooled. In 1959, Sidney W. Fox, Kaoru Harada, and their collaborators 

investigated the synthesis of amino acids from inorganic molecules, the synthesis of proteinous amino acids, and the synthesis of 

amino acid polymers known as proteinoids from inorganic molecules and thermal energy. Fox then added 10 ml of salt solution to 

the hot proteinoids to create microspheres [5]. 

     Microspheres were used as fillers in the burgeoning plastic industry in the 1960s. In the 1970s, the US FDA authorized poly 

(glycolic acid), poly (lactic acid), and poly (lactic-co-glycolic acid) as materials for the production of bioresorbable surgical 

sutures.[7] More than 15 such medications have received clinical use approval since Decapeptyl SR, the first pharmaceutical based 

on PLGA microspheres, was approved in 1986. The first microspheres were created in 1997 for the continuous release of 

medications [6]. 
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MERITS AND DEMERITS: 

          

                                 MERITS 

        

                        DEMERITS 

•Reliable means to maintain the desired concentration 

at the location of interest without side effects and 

transport the medicine to the target site with specificity, 

if adjusted [15]. 

•Especially with buffers, microspheres offer freedom 

from medication and excipient compatibility issues 

•Microspheres minimize dosage dumping. 

•Drugs are protected from the environment by 

microspheres, which also prevent first-pass metabolism. 

Due to their small and spherical nature, they may be 

injected into the body with ease. 

•Microspheres boost both bioavailability and biological 

half-lives. Additionally, microspheres lessen the 

possibility of GI discomfort [15]. 

•They attracted a lot of attention not just for their 

sustained release but also for concentrating anti-cancer 

medications on the tumors. 

•It lessens the need for frequent dosing, which enhances 

patient compliance [17]. 

 

•Sometimes, formulation's release after being injected, drugs 

become harder to remove. 

•During preparation, the medication content may not be 

accurate [15]. 

•The formulation's release changed [3]. 

•These dosage types are not to be chewed or broken [16]. 

•Mainly intended for parenteral routes that produce pain [18]. 

•The controlled release dosage form's release rate can change 

depending on a number of variables, including meal intake 

and gastrointestinal transit times [3]. 

•  Variations in the rate of release from one dose to another. 

•Microspheres delivered parenterally may interact with or 

form complexes with the blood component. 

•The effects on the environment of the polymer matrix 

breakdown products produced in reaction to heat, hydrolysis, 

oxidation, solar radiation, or biological factors. 

•When compared to the standard formulation, the prices of 

the components and processing for the controlled release 

preparation are significantly higher. 

 

 

MECHANISM OF MICROSPHERE DRUG RELEASE: 

The development of microspheres is a key aspect in determining how drugs are contained and released. The kind of polymer, 

polymer molecular weight, copolymer composition, nature of any excipients added to the microsphere formulation, and microsphere 

size are additional factors that might significantly affect the delivery system [14]. In the case of polymer matrix, it may be roughly 

divided into two categories based on the rate of hydrolysis of the functional groups and polymer: 

1. A microsphere that erodes in bulk 

2. Microspheres that erode surfaces 

Bulk eroding microsphere: Bulk eroding polymers, like PLG, easily let water absorption into the polymer matrix and cause the 

microsphere matrix to disintegrate. Surface-eroding microspheres are made of highly hydrophobic monomers connected by labile 

bonds to form surface-eroding polymers like polyanhydrides [14]. In this approach, they are able to withstand the penetration of water 

into the bulk of the polymer while hydrolysing rapidly into oligomers and monomers at the interface between the polymer and the 

water. 

When microspheres are coated with a polymer, the film-forming polymer may dissolve in the medium or function as a membrane 

that is permeable to water but not solvent. The active ingredient's release is mostly responsible for the dispersal. The osmotic 

phenomenon should be considered in the case of a semipermeable covering [2]. It is also feasible to utilize water-soluble pore 

formers, which accelerate the dissolving profile by forming pores (Figure 2). 
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Figure:2 The release of drug from the microsphere 

In the case of smart drug delivery microparticle system, the release of the drug occurs via a stimulus. It is possible that one, two, 

more stimuli are required for dissolution. The stimulus for drug release may be internal or external and be classified as physical, 

chemical, or even microbiological (Figure 3). Opening and closing signals of these systems are also possible, creating feedback [2]. 

 
Figure: 3The release of drug via stimulus from microsphere 

If the drug is released from the microsphere in its entirety quickly, the system can be modeled as a non-constant source with first-

order release kinetics [13]. In contrast, if the drug's solubility is restricted, only a portion of it will initially dissolve, and the system 

may be modeled as a constant source with zero-order release kinetics. The system may suffer a burst impact (higher initial release 

rate) or a lag-time effect (lower initial release rate), depending on the relationship between the initial distribution of dispersed drug 

inside the membrane and the reserve release profile [13]. 

TYPES OF MICROSPHERES: 

Microspheres are classified into 3 types, 

1. Based on material.   

2. Based on coating.     

3. Based on property. 

1. Based on Material: 

a. Glass microsphere. 

b. Ceramic microsphere. 

c. Polymer microsphere. 

d. Metal microsphere. 

Glass microsphere: 

Glass microspheres are microscopic pieces of glass produced for a wide assortment of purposes, including warm protection 

coverings, clay, plastic projecting polyester, bowling, fan cutting edges, and so on. They are normally between 1 and 1000 

micrometers in breadth. Microspheres are round particles that can be classified into two classes: strong and empty (Figure 4). Solid 

glass microspheres (SGM) are delivered by direct consumption of glass powders, while hollow ones (HGM) are created by adding 

blowing (percolating) specialists to glass powder [20]. 
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Figure:4 Glass microsphere                                                            Figure:5 Ceramic microsphere 

 

Ceramic microsphere: 

Calcium phosphate-based ceramic microspheres have turned into a typical interest for scientists (Figure 5). They are utilized in 

muscular health, dentistry, and the drug industry because of their fantastic biocompatibility, osteoconductivity, and sufficient 

mechanical properties. These materials will generally be utilized alone or in mix with various polymer stages and they can offer 

mechanical help to the target site of use [19]. 

Polymer microsphere: 

Polymer-based microspheres certainly stand out enough to be noticed as of late because of their true capacity-controlled drug 

discharge qualities, either by filtering the medication parts from the polymer or by degradation of the polymer matrix (Figure 6). In 

that capacity, the choice of biodegradable transporter grids utilized for microsphere creation is a significant component of the 

conveyance of therapeutic agents. A few techniques have likewise been researched to deliver polymer microspheres for biomedical 

and pharmaceutical interests [19]. 

 
Figure: 6 Polymer microspheres                                       Figure: 7 Metal microspheres 

 

Metal microsphere: 

        The size of the corrosion-resistant stainless steel microspheres goes from 1 micron up to 1.2 mm. profoundly circular stainless 

steel microspheres are often utilized as conductive spacers in bond line applications or as high-thickness test shots. Titanium 

microspheres are very valuable when you want a particular metal molecule with a characterized shape and controlled molecule size 

for a tiny scope (Figure 7). 

2. Based on Coating: 

a. Aluminum microsphere. 

b. Fluorescent microsphere. 

c. Gold microsphere. 

d. Silver microsphere. 

e. Nickel microsphere. 

Aluminum microsphere: 

Aluminum microspheres with high sphericity are generally utilized and pressed in additive production. Monodisperse aluminum 

microspheres with high sphericity and limited molecule size dispersion are effectively prepared by the pulsated orifice ejection 

method (POEM). Aluminum microspheres are molecule sizes range from 315 microns to 332 microns (Figure 8). With its fantastic 

malleability, low thickness, and great properties, aluminum is generally utilized in the production of airplanes, cars, trains, ships, 

and so on [21]. 
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            Figure: 8 Aluminum microspheres                                                Figure: 9 gold microspheres 

 

Fluorescent microsphere: 

       Fluorescent microspheres are key apparatuses in material science because of their huge potential for lessening the drawn-out, 

restrictive experimentation tests for each and every material (Figure 11). UV illumination is utilized to harden the beads to 

manufacture fluorescent microspheres. Fluorescent hydrogels have various applications in drug conveyance, clinical imaging, bio-

detecting, and ecological observation [22]. 

Gold microsphere: 

An expanded, naturally powerful portion can be created by a gold microsphere suspended in cell culture or circulated in growth 

tissue presented to kilo voltage photon beams (Figure 9). With the rising utilization of interstitial brachytherapy with isotopes that 

produce low-energy photons, high Z-particles could play a role in significantly improving the therapeutic ratio [25]. 

 
                     Figure: 10 Silver microspheres                                            Figure: 11 Fluorescent- microspheres                                                     

 

Silver microsphere: 

Uniform-sized chitosan silver microspheres with improved anti-microbial activity were effectively orchestrated by reverse 

emulsification cross-connecting innovation within the sight of silver nanoparticles. Chitosan silver reach is 4.8 microns (Figure 10). 

The amazing anti-microbial properties recommended that the nanocomposite microspheres could be applied in the clinical and well-

being fields of tissue recovery for anti-microbial materials, wound dressings, and skin grafting templates [23]. 

Nickel microsphere: 

A facial strategy has been created to manufacture Ni-O hollow microspheres with permeable nanoplates as a structure block. The 

pre-arranged NiO empty microsphere was effectively applied for electrode change in the manufacture of a glucose sensor, which 

showed benefits of high responsiveness, quick reaction, and magnificent soundness for non-enzymatic assurance of glucose levels. 

It has minimal expense and upgraded electroreactant execution [24]. 

3. Based on Property: 

a. Bio-adhesive microsphere. 

b. Floating microsphere. 

c. Radioactive microsphere. 

d. Magnetic microsphere. 

e. Mucoadhesive microsphere. 

Bio-Adhesive microsphere: 

The term"bio-adhesive" portrays materials that adhere to organic substrates, like bodily fluid films (buccal, visual, rectal, and nasal). 

Grip is the most common way of joining a medication to a film by utilizing the adhesive properties of water-solvent polymers, 

which become sticky on hydration and can be used for delayed timeframes to guide a medicine to a particular region of the body 

(Figure 12). In this manner, the medication's retention and bioavailability are further developed through the diminished dosing 

recurrence, bringing about greater compliance with the patient [16] [17]. 
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Figure: 12 Bio-adhesive microsphere                                            Figure: 13 Floating microsphere 

 

 

Floating microsphere: 

Floating microspheres are little, hollow objects with no middle, and these are free-streaming cells, fluctuating in scale from 1 to 

1000 microns (Figure 13). Gastro-retentive medication conveyance strategies are floating microspheres based on a non-effervescent 

design. The mass thickness of the floating forms is lower than that of gastric liquid; they float in the stomach and don't affect the 

pace of gastric emptying [16] [17]. 

Radioactive microsphere: 

         The radio embolization microspheres, which range in size from 10 to 30 nm, are therefore larger than capillary microspheres 

and, after being tapped in the first capillary bed as they pass through, are introduced into the arteries that give rise to the target 

tumor. It is different from drug delivery systems, radioisotope average distances, and various radioactive microsphere types such as 

alpha, beta, and gamma emitters. Radioactive microspheres can also deliver high radiation doses to a localized area while 

minimizing the impact on the surrounding healthy tissue when used in low doses [16] [17]. 

 
Figure: 14 Magnetic microsphere                                               Figure: 15 Mucoadhesive microsphere 

Magnetic microsphere: 

Magnetic microspheres are molecular particles that are small enough to pass through capillaries without occluding the esophagus, 

but they are also sensitive enough to be caught in microvessels and pulled through nearby tissues by a magnetic field of 0.5 to 0.8 

tesla. This kind of delivery system is crucial because it enables the delivery of the medication to the precise spot where it is required 

(Figure 14). The two different varieties of magnetic microspheres are Diagnostic magnetic microspheres, which are used to 

distinguish intestinal loops from other abdominal structures, and therapeutic magnetic microspheres, which are utilized to provide 

a chemotherapeutic chemical to liver cancers and liver metastases  [16] [17]. 

Mucoadhesive microsphere: 

Additional benefits can be obtained by using mucoadhesive microspheres with a diameter of 1 to 100 mm, either wholly made of a 

mucoadhesive polymer or coated with it on the outside (Figure 15). Both localized controlled releases of medications and systemic 

controlled releases of drugs are well suited for these systems. With higher bioavailability, it has better absorption. They are able to 

be made to attach to any mucosal tissue, including that of the mouth, nose, bladder, and gastrointestinal system [26]. 

 

BIODEGRADABLE POLYMERS USED FOR MICROSPHERE: 

Due to their biocompatibility and biodegradability, biodegradable polymers have been widely exploited as drug delivery methods 

[30]. The majority of biodegradable polymers have been employed as micro particles, which controllably release the medicine they 

contain into the environment. Biodegradable polymers come in two different types, 

1. Synthetic polymers (polyesters like PLGA polymers, PCL, PPEs, POES, Polyanhydrides, Polyphosphazenes).  

2. Natural polymers (Proteins and polysaccharides).  

1. Synthetic Polymers: 

• Polyesters: 

    Due to their biocompatibility and biodegradability, aliphatic polyesters have garnered a lot of    interest as drug carriers [30]. The 

ester bonds in this type of polymer are broken down by hydrolysis, as opposed to the biodegradation process, which is thought to 

require enzyme activity. 
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Figure: 16 Poly (lactic-co-glycolic acid)                        Figure: 17 Poly (ortho ester) 

 

• Poly(lactic-co-glycolic acid) Polymers: 

     PLGA is broken down into lactic and glycolic monomeric acids, which are then expelled from the body as carbon dioxide and 

water. The microspheres made of PLGA degrade in bulk (Figure 16). 

• Poly (ɛ-caprolactone) (PCL): 

     A semicrystalline polymer with a low glass transition temperature of -60 oc, PCL is biodegradable. PCL has been used to 

encapsulate a variety of medications because of its hydrophobicity and crystallinity. PCL's moderate rate of degradation makes it 

appropriate for long-term distribution over a period of more than a year. 

• Poly (phosphoesters): 

       PPEs have lately been employed to transport both high-molecular-weight proteins and DNA   as well as low-molecular-weight 

medications [30]. Under physiological conditions, this kind of polymer breaks down by hydrolysis or enzymatic breakage of the 

phosphate links in the backbone. PPEs are known to deteriorate through a combination of surface erosion and bulk deterioration, in 

contrast to other polyesters. 

• Poly (ortho esters): 

     Since the 1970s, biodegradable polymers POE I, II, III, and IV have developed in four family. Unlike polyesters which uniformly 

breakdown across the polymer matrix, Due to their strong hydrophobicity and water impermeability. POEs experience surface 

erosion. Drug release from POEs may occur continuously, without any notable burst. 

• Poly anhydrides: 

      It is possible to control the rate of degradation of poly anhydrides, which are hydrophobic polymers having hydrolytically liable 

anhydride bonds [30]. In vivo, this family of polymers exhibit just a mild inflammatory response before degrading into non-mutagenic 

and non-cytotoxic monomeric acids. The FDA has authorized the use of poly anhydride, an anti-tumour compound produced from 

sebacic acid and 1,3-bis (p-carbioxyphenoxy) propane, as a therapy for brain cancer. 

 
Figure: 18 Polyphosphazene 

• Polyphosphazenes: 

     One of the most adaptable and quickly evolving classes of biomedical polymers is polyphosphazene [30]. They are generally 

created as linear polymers with an inorganic backbone containing phosphorous and nitrogen atoms (Figure 18). Depending on the 

bond's liability and the polymers' hydrophobicity, they can erode both on the surface and in bulk. 

2. Natural polymers:  

• Due to their abundance in nature, outstanding biocompatibility, and ease of chemical modification, natural biodegradable 

polymers continue to have appeal for application [30]. The majority of natural polymer-based drug delivery methods are based on 

proteins and polysaccharides, such as starch, dextran, hyaluronic acid, and chitosan. Examples of proteins include collagen, gelation, 

and albumin. 

• Because of their expensive price, low elasticity, and poor mechanical properties, protein medicines have not been widely 

used. 

• As pharmacological transporters, polysaccharides have gained more and more attention. Display a wide range of 

physicochemical features and are inexpensively and commercially available. 

• Excellent biocompatibility, biodegradability, minimal immunogenicity, and biological activity have all been demonstrated 

for chitosan and its derivatives [30]. 
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FORMULATION OF MICROSPHERE 

Spray drying Technique: 

         The principle of spray drying entails three steps: atomization (the transformation of a liquid feed into fine particles), mixing 

(a hot gas stream is passed through spray droplets, causing liquids to evaporate and leaving behind dried particles), and drying (the 

dried powder is separated from the gas stream and collected).First, a suitably volatile organic solvent (such as dichloromethane or 

acetone) is used to disperse the entire polymer.Under high-speed homogenization, the medication is distributed in a polymer 

solution, and this dispersion is subsequently atomized in a stream of hot air (Figure 19). As a result of the atomization, tiny droplets 

are created, and when the solvent instantly evaporates, microspheres with a size range of 1–100 microns are created [3] [15].  For 

example: spray-dried microspheres containing amoxicillin. 

 
Figure: 19 Spray drying equipment                                    Figure: 20 Solvent evaporation technique 

 

Solvent evaporation technique: 

The ideas are that a polymer solution and an immiscible continuous phase, whether aqueous or not, combine to form an emulsion 

[3]. The liquid vehicle phase and the volatile solvent in which the microsphere coating is distributed are incommensurable. To create 

the proper-sized microsphere, a core material combination is agitated into the coated polymer mixture and then distributed in the 

liquid vehicle phase (Figure 20). The solvent is then evaporated from the mixture if necessary, and the polymer contracts around 

the center [3]. For example: microspheres made of chitosan and glutamate is created. 

Polymerization Technique: 

For the creation of microspheres, the following two methods are used, 

i.Normal polymerization 

ii.Interfacial polymerization 

Normal polymerization: 

     Different methods, including bulk, suspension, precipitation, emulsion, and micelles polymerization processes, are used to carry 

it out. To begin polymerization, a monomer or a mixture of monomers, the initiator, and the catalyst are typically heated in bulk. 

The resulting polymer can be shaped into microspheres. During the polymerization process, drugs may be loaded. Bead or pearl 

polymerization is another name for suspension polymerization. In this instance, the monomer or mixture of monomers is heated 

while droplets disperse in a continuous phase. Additionally, the droplets could include an initiator and other chemicals. Due to the 

presence of an initiator in the emulsion, emulsion polymerization differs from suspension polymerization [17].   

Interfacial polymerization: 

    When a reactive monomers are dissolved in an immiscible solvent. After diffusing there, the monomer reacts at the oil-water 

interface to create a polymeric barrier. Drug is added then the polymerization is completed [17].  Peptides and proteins are two 

examples. 

Single emulsion technique: 

    This method can be used to prepare a variety of proteins and carbohydrates. The natural polymers are first dissolved in an aqueous 

medium, followed by dispersion in a non-aqueous medium (Figure 21). The next cross-linking of the dispersed globule is carried 

out. Two methods are used to cross-link: 

• Cross-linking by heat (by adding the dispersion to heated oil). 

• Chemical cross-linking agents (formaldehyde and acid chloride). 

For example, Metformin HCl microspheres are prepared by using a glutaraldehyde 25% solution [17]. 
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Figure: 21 Single emulsion technique 

Double emulsion Technique: 

     The lipophilic organic continuous phase is used to distribute the aqueous protein solution. Before being added to the polyvinyl 

alcohol aqueous solution, the primary emulsion is homogenized or sonicated, creating a double emulsion (Figure 22). For example: 

the multiple emulsion approach was used to create the genistein chitosan microsphere [3] [17]. 
 

 
                                                                   Figure: 22 Double emulsion technique 

 

Phase separation coacervation:    

     The basic idea behind this technique is to interfere with the production of coacervates, a phase rich in polymers, by reducing the 

solubility of the polymer in the organic phase. The system contains drug particles dispersed in a polymer solution along with an 

incompatible polymer that causes the first polymer to phase separate and engulf the drug particles (Figure 23). For example: utilizing 

butadiene as an incompatible polymer, this approach has been used to create polylactic acid (PLA) microspheres [15]. 

 
                                                      Figure: 23 phase separation coacervation method 

Ionic gelation method: 

To create a full solution, the medication is mixed with an aqueous sodium alginate solution. While the mixture is still being stirred, 

drops of the Ca2+-Al3+ solution being added. The microspheres were kept in the original solution for 24 hours for internal 

jellification and then filtered for separation (Figure 24). At an acidic PH of 33, the medication will not release. Example: Diclofenac 

sodium microspheres [17]. 
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Figure: 24 Ionic gelation technique 

Wet inversion technique: 

Through a nozzle, chitosan solution in acetic acid is added to an aqueous counter-ion sodium tripolyphosphate solution. After 

forming the microspheres, they were given an hour to stand before being cross-linked with 5% ethylene glycol diglyceryl ether. 

Afterward, microspheres were cleaned and frozen [3]. 

Hot melt microencapsulation: 

      The polymers are first melted, then combined with solid drug particles that have been sieved to a size of less than 50 micron, 

then the mixture is suspended in a non-miscible solvent and heated (Figure 25). The microspheres created by cooling the emulsion 

until the polymer particles solidify after it has been stabilized are cleaned with petroleum ether by decantation [3]. For example: 

Quercetin can be microencapsulated via hot melt extrusion to hide its taste. 

 
Figure: 25 Hot melt microencapsulation method 

 

Preparation of microsphere by using human albumin: 

      Using a magnetic stirrer, human serum albumin is dissolved in deionized water, and the medication is introduced to the albumin 

solution [31]. Place the aqueous mixture in a standard tissue grinder with a 10 ml capacity, distributing the drug particles that haven't 

been completely dissolved in the albumin solution. Inject tuberculin into 500 ml of cotton seed oil right away, and then swirl with 

a propeller stirrer [31]. Microspheres are created after the oil bath and its components are cooled to room temperature.                                                                                        

 

EVALUATION: 

1. Morphological evaluation: 

a. Molecular size and shape: 

        The microscopy methods are used for analysis of microspheres. Light Microscopy (LM) and Scanning Electron Microscopy 

(SEM) are most widely used techniques for analysing the size, shape of microparticles. The microsphere’s structure can be 

visualized before & after coating and the change can be measured microscopically. SEM provides better resolution in contrast to 

LM. SEM can also be used for the investigation of double walled system [3]. 

b. Image analysis:       

     With the use of LM and SEM procedures and/or techniques, images are studied. these microscopic approaches provide more 

precise verification of the picture analysis. verification is made of the roundness, ferret diameter, and aspect ratio, [2]               

                  Roundness (r) is calculated by using this formula  

                                    r= 
p2

4πa
 

                                                     p- Perimeter, 

                                  a- projection area, 

                                   r- Roundness, 

        Aspect ratio (AR) is calculated by 

                                        AR = 
𝐷𝑚𝑎𝑥

𝐷𝑜
 

                 Where, do is the longest orthogonal diameter perpendicular to d max 

c. Coulter counters:       Coulter counter gives perfect particle number per volume unit for different size ranges and micro particles 

is important for particle analysis of microspheres for intravenous use [2]. 

2. Physiochemical evaluation: 
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a. Isoelectric point: 

      Micro electrophoresis is a technique used to measure the electrophoretic mobility of microspheres, which allows for the 

determination of the isoelectric point. By measuring the amount of time it takes for particles to migrate across a 1mm distance, the 

Ph. scale of 3 to 10 is computed. The microsphere's ability to absorb ions or its surface charge may be connected to its electrophoretic 

mobility [3] [28]. 

 b. Zeta-potential analysis: 

         Photon correlation spectroscopy may be used to assess zeta potential analysis. Dynamic light scattering is based on the 

Brownian motion of the particles. Particle surface charge affects the physical characteristics. Surfaces with a negative charge draw 

tissues and are compatible with blood. Surface micro particles with a positive charge are incompatible with Hemoglobin. Zeta 

potential was used to calculate the potential for surface charged micro particles in suspension to aggregate [2] [17]. Zeta potential 

estimate is used to identify the particles once the polyelectrolyte shell has been produced (Figure 26). 

 
Figure: 26 Zeta potential of PLGA microsphere 

3. Physical evaluation: 

a. Flow properties: 

        The flow property of drug in microsphere is calculated by following   

• Bulk density 

• Tapped density 

• Angle of repose [17] 

Bulk density: 

    A sample of microspheres with a known weight is poured into a measuring cylinder without being tapped, and the length of each 

microsphere is then measured. 

Bulk density =
weight(mass)

𝑉𝑜𝑙𝑢𝑚𝑒 (𝐵𝑢𝑙𝑘 𝑉𝑜𝑙𝑢𝑚𝑒)
 

Tapped density: 

     It is calculated by carefully tapping a measuring cylinder with a sample of microspheres of known weight and measuring the 

volume [17]. 

Tapped density= 
𝑊𝑒𝑖𝑔ℎ𝑡(𝑀𝑎𝑠𝑠)

𝑉𝑜𝑙𝑢𝑚𝑒(𝐴𝑓𝑡𝑒𝑟 𝑇𝑎𝑝𝑝𝑒𝑑 𝑉𝑜𝑙𝑢𝑚𝑒)
 

Angle of repose: 

        The greatest angles that a heap of microspheres may make with respect to the horizontal to analyze the angle of repose, the 

fixed base and set height of concentration are useful [17]. 

                                 𝜃= tan-1 h/r 

     Where,               h- Height 

                                r- Radius   

b. Angle of contact: 

        It is used to investigate the microsphere carrier's wetting capability. It examines the hydrophobicity or hydrophobicity of 

microspheres. It is calculated at the interface of solids, air, and water. Within a minute of the microsphere being deposited, the contact 

angle is measured at 200°c [17] [3]. 

c. Swelling index: 

       Utilizing this formula, the microsphere's swelling index was determined. To investigate the swelling index of dry particles under 

various circumstances, an equilibrium swelling study may be done [2]. 

                              SI % =
𝑑𝑠−𝑑𝑖

𝑑𝑖
× 100 

Where, 

      Swelling index (%), swollen diameter particle (ds), initial particle diameter (di)  

d. Drug entrapment efficiency: 

       Holding the microspheres in the buffer solution and letting them lyse will reveal the microsphere's entrapment effectiveness. 

The resulting lysate is either filtered or centrifuged [2] [29].The assurance of the active component is then exposed in accordance with 

the requirements of the monograph. The formula is used to determine the total amount of drug entrapment in the microspheres. 
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                                  Entrapment efficiency (%) = 
𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑟𝑢𝑔 𝐶𝑜𝑛𝑡𝑒𝑛𝑡

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝐷𝑟𝑢𝑔 𝐶𝑜𝑛𝑡𝑒𝑛𝑡
× 100 

The ideal entrapment efficiency (100%) is influenced by various factors such as the type and circumstances of the process  

  4. Stability studies: 

      The microspheres are put in a glass container with a screw-on lid to conduct stability testing. kept them in the following 

circumstances:[28] 

▪ Room temperature (27+/-20c) 

▪ Oven temperature (40+/-20c) 

▪ Refrigerator (50+/-80c) 

▪ Ambient humid condition  

▪ It was carried out for 60 days and drug content was analysed. 

5. In vitro method: 

 

a. Beaker method: 

      The dosage form is repeatedly shaken and made to adhere to the bottom of the beaker holding the medium using an overhead 

stirrer. The amount of medium used in the research described in the literature spans from 50 to 500 m, and the stirrer speed varies 

from 60 to 300 rpm [29]. 

b. Dissolution apparatus method: 

       To assess the in vitro release of microspheres, the spinning paddle and basket parts of the standard British pharmacopoeia or 

United States of pharmacopoeia dissolving equipment were used (Figure 27) [29]. 

 
                                                                                Figure: 27 Dissolution apparatus 

6. In vivo method: 

      Animal models, Buccal absorption assays, and Perfusion chambers may all be used to study in vivo drug permeability. 

Techniques that take advantage of an organism's local or systemic biological reaction are used to examine the permeability of inert 

mucosa [3]. 

7. Instrumental analysis: 

a. X-ray diffraction: 

      Using this method, a drug's change in crystallinity may be investigated. The x-ray diffraction device is used to study the 

microspheres and their individual components. The temperature range for x-ray scanning is 80o C to 70o C [27]. 

b. FT-IR spectroscopy: 

       FT-IR spectroscopy is used to analyze the drug-polymer interaction and drug degradation throughout the microencapsulation 

process. Depending on the circumstances and processes used during manufacture, ATR FT-IR (Alternated Total Reflectance Fourier 

Transform, Infrared Spectroscopy) can reveal information about the surface composition of the microsphere [3]. 

c. Scanning Electron Microscopy: 

    SEM is used to evaluate the surface morphology. with the aid of two side-sticking tapes, the microsphere was fixed directly on 

the SEM sample slab and covered with gold film under low pressure before being analyzed (Figure 28) [27]. 
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Figure: 28 SEM of polymer microsphere image 

d. Thermal analysis: 

      Thermal analysis of microsphere can be done by using,  

• Differential Scanning Calorimeter (DSC) 

• Thermo-Gravimetric Analysis (TGA) 

• Differential Thermometric Analysis (DTA) 

Thermo-Gravimetric and differential scanning calorimeter provide insightful information about the polymer's heat behavior.[27] [[2] 

The sample is precisely weighed and heated on an aluminum pan at a constant pace of 100 c/minutes while being supplied with 

nitrogen at a rate of 40 ml/min. 

 

APPLICATIONS OF MICROSPHERE: 

❖ Microsphere for DNA delivery: Plasmid DNA is transferred using microspheres, which improves both the transfer of 

plasmid DNA and its stability in the bio environment. Example: In 1998, researchers created a unique gene delivery technology 

based on DNA-gelatin microspheres created by the complicated coacervation of plasmid DNA and gelatin caused by salt [28]. 

❖ Microsphere for Monoclonal antibodies: Physiologically immunologic microspheres include monoclonal antibodies and 

targeted microspheres. They contain a lot of highly specialized chemicals. Monoclonal antibodies can attach to the microsphere by 

covalent binding. Using the selectivity of Mabs, microspheres that deliver pharmacologically active material to particular locations 

are targeted. Consider monoclonal antibodies used in the treatment and detection of cancer [16]. 

❖ Microsphere in chemotherapy:  It is feasible to employ microspheres as anti-tumor drug carriers. To treat liver cancer, 

Yttruim-90 or other emitters with radioactive microspheres are used [28]. A radioactive microsphere suspension with a 30micron 

diameter is injected into the hepatic artery, where it enters the tumor blood supply. For instance, polymers containing the drug 5-

fluorouracil may be used to treat colon cancer. These polymeric microspheres prevent stomach-based medication degradation. 

❖ Ophthalmic drug delivery: As a unique material for the construction of an ocular drug delivery vehicle, microspheres 

containing polymers demonstrate advantageous biological behaviors such as bio-adhesive and permeability-boosting 

characteristics. Drug elimination by the lachrymal flow is slowed down by ophthalmic administration methods such as suspensions 

in the conjunctiva and corneal surface of the eye. An example would be the use of a colloidal system coated in chitosan and 

containing indomethacin to deliver medications to the inner eye [3]. 

❖ Colonic drug delivery: Chitosan, a polymer, has been used to deliver insulin specifically to the colon while incorporating 

enzyme inhibitors and absorption enhancers. It was proposed that this disintegration was caused by either a bacterial enzyme that 

can break down the polymer or by the ascending colon's lower pH than the terminal ileum [3]. 
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❖ Microsphere in vaginal drug delivery: For the treatment of mycotic infections of the Genito-urinary tract, a polymer 

modified by the introduction of thioglycolic acid to the polymer's main amino groups, which embeds clotrimazole, is frequently 

employed. Example: Metronidazole and acriflavine-containing polymer vaginal tablets have demonstrated acceptable release and 

strong adhesion qualities [3]. 

❖ Nasal drug delivery: An excellent location for bio-adhesive drug delivery devices is the nasal mucosa. Vancomycin 

hydrochloride is a suitable option for nasal sustained release using a variety of polymer salts, including chitosan lactate, chitosan 

aspartate, chitosan glutamate, and chitosan hydrochloride. A protective systemic and local immune response against diphtheria 

toxoid with increased IgG production is produced following nasal administration of Diphtheria toxoid integrated into chitosan 

microspheres. Example: The ionic gelation process is used to create microspheres containing alginate and ondansatron for sustained 

release [3]. 

❖ Buccal drug delivery: Since polymers contain mucosal or bio-adhesive qualities and can increase absorption, they are 

good polymers for buccal administration. Chitosan sodium alginate is an example . The extended release of the drug in the buccal 

cavity enhances chitosan microspheres. The antimicrobial efficacy of buccal tablets based on chitosan microspheres and 

chlorhexidine diacetate is improved by the extended release of the medication in the buccal cavity. Drug-free polymer micro 

particles nevertheless exhibit antibacterial properties because of the polymer [3]. 

❖ Transdermal drug delivery: The polymer may be used to make sturdy films. Chitosan alginate polyelectrolyte complex 

has been created in-situ in beads and microspheres for possible application in the packaging of controlled release systems and 

wound dressings. The polymer has good film-forming characteristics. For the treatment of local inflammation, polymer gel beads 

are a potential biocompatible and biodegradable delivery system for medications like prednisolone, which exhibits prolonged 

release action that boosts therapeutic effectiveness. For regulated medication administration and release kinetics, chitosan hydrogel 

containing lidocaine hydrochloride, a local anaesthetic, is a suitable transplant method [3]. 

❖ Microspheres in vaccine delivery: The ideal vaccination should fit the following requirements: 

✓ Effectiveness 

✓ Safety 

✓ Application and fee affordability  

✓ Usage ease. 

Administering vaccines through a parenteral route that is biodegradable can get around the drawbacks of traditional immunizations. 

✓ Adjuvant effect increases antigenicity  

✓ Altering antigen release  

✓ Antigen stability [16]. 

 

CONCLUSION: 

     Microspheres are biodegradable polymer-based free-flowing particles. Through surface or bulk erosion, or in response to 

stimulation, the medication was expelled from the microsphere. Controlled-release drug delivery systems like Microsphere provide 

a number of benefits over conventional drug administration systems, including the ability to conceal taste and smell, extend 

biological half-life, and lessen the toxicity and pain of repeated injections. They can be used for a variety of purposes, including 

chemotherapy, DNA delivery, and vaccine administration. Tumours are treated using microspheres coated with gold. For the 

treatment of liver cancer, Yttrium 90 radioactive microspheres are employed. Additionally, because of its regulated drug 

administration and release kinetics, chitosan hydrogel containing lidocaine HCl microspheres is employed as a local anaesthetic. In 

the innovative drug delivery system of the future, the microsphere will take centre stage. 
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