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  Abstract 
Over the past few decades, broad research work has been carried out to de-
velop a gastro-retentive dosage form, this type of dosage form shows effec-
tiveness in delivery of drug due to its presence in the stomach for enough 
time. The present survey is concern about the review of bioadhesive or mu-
coadhesive microspheres, for its combined effect of bioadhesion and surface 
to volume ratio of microspheres in which particle size is range from 1-1,000 
µm range in diameter having a core of drug and outer layer of mucoadhesive 
polymer. Mucoadhesive microspheres have advantage of controlled and sus-
tained release of drug from dosage form with less fluctuation in blood concen-
tration. Evaluation of Mucoadhesive Microspheres has to be carried for FTIR 
Studies, Scanning Electron Microscopy (SEM), Micrometric Studies, Bulk 
Density, Tapped Density, Angle of Repose, % Compressibility Index, Hausn-
er’s Ratio, Particle Size, Density Determination, Floating Behavior, Angle of 
Contact, Swelling Index, Percentage Yield, Percentage Drug Content, The 
Percentage of Drug Entrapment, Drug Entrapment Efficiency, Ex Vitro Mu-
coadhesive Study, In Vitro Drug Release Studies, In Vivo X-Ray Imaging 
Study, In Vitro Wash-Off Test for Microspheres, Mucoadhesive Microspheres 
Stability in the pH 1.0 HCl Medium, Stability Studies. The present review 
highlights some of the new drugs that can be benefits from MMDDS. 
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1. Introduction 

The most convenient route of drug administration is an oral route with a high rank of patient compliance, due to 
its ease of administration, sustained or controlled release drug delivery system provides drug release, and this do-
sage form is well suitable for the drugs having short half-life. For the development of oral sustained or controlled 
drug delivery system, one of the main tasks is to modify the Gastro Intestinal (GI) transits time, normally gastric 
resistant time is 2-3 hr. It may depend upon the individual to individual called as intersubjective variability and fed, 
fasted state of the stomach [1]. 

Microspheres constitute a significant part of these particulate drug delivery systems for its small size and having 
efficient carrier capacity. Microspheres are the carrier linked drug delivery system in which inner core of active 

http://www.hillpublisher.com/journals/ijcemr/�


Srilatha Malvey et al. 
 

 

DOI: 10.26855/ijcemr.2021.10.003 436 International Journal of Clinical and Experimental Medicine Research 
 

moiety and outer layers of a polymer as a coating material. However, the success of these microspheres is limited 
due to their short residence time at the site of absorption. It would be advantageous to have resources for providing 
an intimate contact of the drug delivery system with the absorbing membrane, this can be achieved by developing 
“Mucoadhesive Microspheres”. Mucoadhesive microspheres have advantages like efficient absorption and en-
hanced bioavailability of various drugs due to a high surface to volume ratio, due to close contact with the mucus 
layer and precise targeting of drugs to the absorption site. One requisite for the effective performance of oral con-
trolled or sustained drug delivery is that the drug should have good absorption throughout the gastrointestinal tract, 
preferably by passion diffusion mechanism. 

The rational for development of oral gastro-retentive mucoadhesive microspheres dosage form is fundamental 
for a drug that is adsorbed from the stomach which is tremendously degraded in stomach enzymes, it can alter high 
dose fluctuation in blood, reduce the risk of resistant to bacteria especially in the case of antibiotic. Drugs that have 
poor bioavailability due their absorption is restricted to the upper GI tract can be delivered efficiently thereby 
maximizing their absorption and improving their absolute bioavailability [2]. 

1.1 Factors are considered in drug delivery 

The gastric pH is an important factor taken into consideration, which shows influence on the performance of an 
action of drug absorption. The gastric pH is not constant throughout the GIT, which are influence by various factors 
such as diet, high protein or carbohydrates intake diseases, the presence of gases and other fermented products. 
Gastric emptying is another important parameter to consider, it depends upon meal taken in quantity. Gastric emp-
tying occurs during fasting as well as in fed states, in fasted states the electrical motion of the stomach was con-
trolled by some cyclic contractile proceedings commonly known as migrating myoelectric complexes (MMC). 
There are four phases of activity in MMC Phase I, II, III, IV, these cycles are initiated by feeding which regulates 
contractile activity which may appears for 3-4 hr. Thus, feeding in frequency manner may prolong gastric retention 
time. A subject/ individual under stress shows increased in gastric emptying rate while, depression slows it. In gen-
eral, women without physical activity has slower emptying rate than young with high physical activity respectively 
in addition sleeping body posture may influence the gastric emptying [3]. 

Most of the drug adsorption takes place in stomach and upper part of the intestine, as conventional tablet do not 
possess the resistance or mucoadhesive behavior of dosage form. Therefore, they cannot be released in their colon. 
In order to overcome this problem in conventional dosage forms are designed as a novel drug delivery system 
called mucoadhesive drug delivery system approach. 

Additional advantage added in their novel dosage form [5]. 
 An upgrading in therapeutics effectiveness. 
 A decline in drug loss. 
 Reduction in toxicity. 
 Decline in high drug fluctuation in plasma concentration and maintained by sustained drug release. 
 Superior to single-unit floating dosage form, such as mucoadhesive microsphere releases drug uniformly 

and there is no risk of dose dumping. 
 Benefits to the drug that act locally in the stomach called as site-specific drug delivery. 
 Better therapeutics effect for short half-life drugs. 

1.2 Physiology of stomach 

Stomach is used as depot for sustained or controlled release dosage forms, the stomach is dived into three parts  
1) Fundus  
2) Body  
3) Pylorus  
The proximal stomach made up of the fundus and body region serve as a reservoir for ingested material, while 

the digital region that is pylorus is the mixing sieve the process of the gastric emptying occurs both during fasting 
and fed stated differ in MMC. Scintigraphically studies help in measurement of gastric emptying rate in healthy 
human subject. The mucosal surface area in the body far 100X greater than the skin in the intestinal area. There are 
many advantages to the development of mucoadhesive drug delivery system.  

2. Basics of Gastric Retention 
Various approaches have been pursued to increases the retention of an oral dosage form in the stomach mucoad-

hesive system, swelling expanding, bioadhesion, modulated dosage form other specific devices [1], FDDS or hy-
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drodynamically balanced system has a bulk density lower than gastric fluid and thus remain buoyant in the stomach 
without affecting the gastric emptying rate for a prolonged period. While dosage form is mucoadhesive on the sto-
mach the drug is released slowly in a sustained manner, which leads to release of drug into systemic circulation 
without major fluctuation in plasma in the case of swelling and expanding dosage form it prevents entering into 
intestine, which remains in stomach for prolonged period of time shows sustained action of the drug.  

2.1 Characteristics of an ideal mucoadhesive polymer 

 It should be nonirritant to the mucous membrane.  
 It should preferably form a strong no covalent bond with the mucin-epithelial cell surfaces. 
 It should adhere rapidly to tissue and should have some site specificity.  
 It should allow easily integrated into the drug and should offer no hindrance to its release.  
 The polymers must not decompose on storage of the dosage form and its shelf life.  
 The cost of the polymer should not be high so that the prepared dosage form remains competitive. 
 It should be nonabsorbable from GI tract.  
 Robinson and his group using the fluorescence technique concluded that:  
 Cationic and anionic polymers bind more effectively than neutral polymers.  
 Polyanions are better than polycations in terms of binding/potential toxicity, and further, that wa-

ter-insoluble polymers give greater flexibility in dosage form design compared with rapidly or slowly dis-
solving water-soluble polymers.  

 Anionic polymers with sulfate groups bind more effectively than those with carboxylic groups. iv. A de-
gree of binding is proportional to the charge density on the polymer.  

 Highly binding polymers include carboxymethylcellulose, gelatin, hyaluronic acid, carbopol, and polycar-
bophil. 

3. Mechanism of Mucoadhesion 
The mucosal layer lines the gastrointestinal tract, acts as a lubricating and protective barrier for eye, mouth, nasal 

cavity, vaginal cavity, mucus is constantly secreted by goblet cells [2]. Mucoadhesive properties of mucus are due 
to the existence of glycoprotein called mucins are extremely glycosylated large molecules, which forms negative-
charge at physiological pH 7.4. In general, there are theories explain the adhesion to the mucosal surface [3], elec-
tronic theory, wetting theory, adsorption theory, diffusion theory, fracture theory, mechanical theory, the combina-
tion all the theories result in adhesion (Smart, 2005). There are two stages of adhesion, wetting stage is the intimate 
contact between the polymers, & mucosal surface, which is required for mucoadhesion, that is a polymer, will be 
exposed to the mucus and wetting occurs, the polymer forms a non-covalent bond with mucus, which is due to the 
presence of hydrophilic group on the polymer. The extent of the swelling of the polymer depends upon the contact 
time of polymer with mucus and penetration of the polymer chain into the mucosal surface is often directed by the 
initial contact time. 

Consolidation stage was a mucoadhesive strength is stronger when the polymer itself is completely dehydrated 
and are placed on the mucosal surface. The polymer will begin to absorb the moisture from the mucosal layer, 
which once dehydrated switches from having lubricating properties to adhesive properties. 

4. Factors Affecting Mucoadhesion 
4.1 Charge on the polymer  

Commonly used polymers have either an anionic or cationic charged some non-ionic polymers are also used, 
strong anion on the polymer is good sign of mucoadhesion, it has been shown that some cationic polymers are 
likely to found higher mucoadhesive property particularly in a neutral or slightly alkaline medium [4]. 

4.2 pH 

pH of the medium is important parameter for the degree of hydration. Bioadhesion can be influenced by the 
charges present on the surface of mucus as well as certain ionisable bioadhesive polymers. Mucus will have a dif-
ferent charge density depending on pH due to difference in dissociation of functional groups on the carbohydrate 
moiety and the amino acids of the polypeptide backbone [4]. 
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4.3 Molecular weight 

The optimum molecular weight for maximum mucoadhesion depends upon the type of mucoadhesive polymer 
and tissue, low molecular polymer penetrate the mucus layer better than high molecular weight, for example, po-
lyethylene glycol with a molecular weight of 200Daltons has little adhesive character whereas PEG with 
4000Daltons molecular weight has better and PEG with 6000Dalton has superior adhesive properties [4]. 

4.4 Swelling   
Once the polymer has adhered to the mucosal layer, it starts absorbing moisture from the surface and swell. This 

is advantageous as the surface area between the polymer and the mucosal layer will increase, by modifying the po-
lymer with the crosslinking moieties, such as the introduction of thiol groups the degree of swelling can be con-
trolled [4]. 

4.5 Mucoadhesive polymers 

Majority of polymers used in mucoadhesive are hydrophilic in nature, which shows better adhesion properties 
but shorter duration of action when compared to the synthetic polymer [5]. 

Mucoadhesive polymers are water-soluble and water-insoluble polymers, which are swellable networks, joined 
by cross-linking agents. These polymers have optimal polarity to permit sufficient wetting by the mucus and optim-
al fluidity that permits the mutual adsorption and interpenetration of polymer and mucus to take place. Mucoadhe-
sive polymers that adhere to the mucin-epithelial surface conveniently divided into three broad classes.  

1) Polymers that becomes sticky, when placed in water and owe their mucoadhesion to stickiness.  
2) Polymers that adhere to non-specific, non-covalent interactions that is primarily electrostatic in nature (al-

though hydrogen and hydrophobic bonding may be significant). 
3) Polymers that bind to the specific receptor site. All three polymers types can use for drug delivery. 

4.6 Chitosan  
Derived from the deacetylation of chitin is the most commonly used material for the mucoadhesive polymer. It is 

naturally occurring polysaccharides, which is the cationic, and hydrophilic in nature, cationic polymer is a unique 
character of chitosan as it attaches to the negatively charged mucosal membrane. Chitosan is a biocompatible and 
biodegradable amino polysaccharide, which is soluble in aqueous solutions at pH less than 6.5 [6]. 

It has been widely used for developing drug delivery system because of its excellent mucoadhesive, the nature of 
the interaction between chitosan and mucin remains poorly defined.  

4.7 Polyacrylic acid (PAA) 

PAA is an anionic polymer. The core method of adhesion of anionic polymer is due to hydrogen bonding be-
tween the polymer and mucin. Contacts of PAA with mucin are strongest at an acidic pH, indicating that the poly-
mer has mucoadhesive property in its protonated state. 

4.8 Pectin 

Similar to chitosan, pectin is a polysaccharide isolated from the citrus peel or apple. This natural of polymer has 
non-toxic properties and often used within the food and pharmaceutical industries. The Pectin is an anionic, com-
plex heteropolymer, which contains residuals of galacturonate and rhamnose and has the high level of carboxyl 
group along with its backbone. The swelling nature of a polymer is due to the presence of hydroxy groups. Modifi-
cation of pectin backbone methoxylated or amidated carboxyl group and the degree of modification can allow for 
the altered level of mucoadhesion. Incorporation of solid, liquid or gases into polymeric coatings done by microen-
capsulation technique. The different methods used for various microspheres preparation depends on particle size, 
route of administration, duration of drug release and these above characters related to rpm, the method of 
cross-linking, aconcentration of polymer, evaporation time, co-precipitation etc.  

5. Methods of Preparations 
5.1 Phase separation coacervation technique 

This development will take on the principle of decreasing the solubility of the polymer in the organic phase to 
mark the formation of polymer rich phase called the coacervates. In this method, the drug particles could distribute 
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in a solution of the polymer system, which makes the first polymer to phase separate and engulf the drug particles. 
Addition of non-solvent effects in the solidification of the polymer. Polylactic acid (PLA) microspheres prepared by 
this method by using butadiene as incompatible polymer. The process variables are very important in the rate of 
achieving the coacervates determines the distribution of the polymer film, the particle size, and agglomeration of 
the formed particles. The agglomeration must be circumvented by stirring the suspension using a suitable speed 
stirrer since as the process of microspheres formation begins the formed polymerize globules start to stick and form 
the agglomerates. Therefore, the process variables are critical as they control the kinetics of the formed particles 
since there is no defined state of equilibrium attainment [7]. 

5.2 Emulsion cross-linking method 
In this method, drug is dissolved in aqueous gelatin solution, which was formerly heated for 1 hr at 40°C. The 

solution is added dropwise to liquid paraffin while stirring the mixture at 1,500 rpm for 10 min at 35°C, results in 
w/o emulsion then further stirring is done for 10 min at 15°C Thus the formed microspheres are washed for three 
times with acetone and isopropyl alcohol, which then air dried and dispersed in 5mL of aqueous glutaraldehyde 
saturated toluene solution at room temperature for 3 hrs. for cross-linking and then treated with 100mL of 10mm 
glycine solution containing 0.1%w/v of tween 80 at 37°C for 10 min to block unreacted glutaraldehyde.  

5.3 Solvent Evaporation 

The processes are conceded out in a liquid manufacturing vehicle. The microcapsule coating is dispersed in a 
volatile solvent which is immiscible with the liquid manufacturing vehicle phase. A core material to be microen-
capsulated is dissolved or dispersed in the coating polymer solution with agitation the core material mixture is dis-
persed in the liquid manufacturing vehicle phase to obtain the appropriate size microcapsule. The mixture is then 
heated if necessary to evaporate the solvent for the polymer of the core material is dispersed in the polymer solution, 
polymer shrinks around the core. If the core material is dissolved in the coating polymer solution, matrix-type mi-
crocapsules are formed. The core materials may be either water-soluble or water in-soluble materials. Solvent eva-
poration involves the formation of an emulsion between polymer solution and an immiscible continuous phase 
whether aqueous (o/w) or non-aqueous. The comparison of mucoadhesive microspheres of hyaluronic acid, Chito-
san glutamate and a combination of the two prepared by solvent evaporation with microcapsules of hyaluronic acid 
and gelatin prepared. 

5.4 Ionic gelation 

Alginate/chitosan particulate system for diclofenac sodium release was prepared using this technique. In this 
method, drug is added to aqueous solution of sodium alginate. In order to get the complete solution stirring is con-
tinued and after that it is added dropwise to a solution containing Ca2+ /Al3+. Microspheres that are formed were 
kept in original solution for 24 hr. for internal gelification followed by filtration for separation. The complete re-
lease is obtained at pH 6.4-7.2 but the drug will not release in acidic pH [7]. 

5.5 Spray Drying 

In spray drying, the polymer is first dissolved in a suitable volatile organic solvent such as dichloromethane, 
Acetone, etc. The drug in the solid form is then dispersed in the polymer solution under high-speed homogenization. 
This dispersion is then atomized in a stream of hot air. The atomization leads to the formation of the small droplets 
or the fine mist from which the solvent evaporates instantaneously leading the formation of the microspheres in a 
size range 1-100µm. Microparticles should be separated from the hot air by means of the cyclone separator while 
the trace of solvent was removed by vacuum drying. One of the major advantages of the process is the feasibility of 
operation under aseptic conditions. This process is quick and this leads to the formation of porous microparticles 
[8]. 

5.6 Multiple emulsion polymerization technique 
Multiple emulsion method involves the formation of (o/w) Primary emulsion (nonaqueous drug solution in a po-

lymer solution) and the addition of primary emulsion to external oily phase to form o/w/o emulsion followed by 
either addition of cross-linking agent (glutaraldehyde) and evaporation of the organic solvent. This method of prep-
aration is ideal for incorporating poorly aqueous soluble drug, thus enhancing its bioavailability [9]. 



Srilatha Malvey et al. 
 

 

DOI: 10.26855/ijcemr.2021.10.003 440 International Journal of Clinical and Experimental Medicine Research 
 

5.7 Orifice-Ionic Gelation Method 

Sodium alginate and the mucoadhesive polymer are dispersed in purified water (50 ml) to form a homogeneous 
polymer mixture. A drug is added to the polymer matrix and mixed thoroughly to form a smooth viscous dispersion. 
Resulting dispersion is then sprayed into calcium chloride (10% w/v) solution by continuous stirring. Produced 
droplets are retained in the calcium chloride solution for 15 minutes to complete the curing reaction and to produce 
rigid spherical microspheres. The resulting microspheres is collected by decantation, and the product thus separated 
is washed repeatedly with purified water to remove excess calcium impurity deposited on the surface of micro-
spheres and then dried at 45°C for 12 hrs [10]. 

6. Evaluation of Mucoadhesive Microspheres 
6.1 FTIR studies 

FTIR studies should be done for possible interaction between the drug and polymers in the position of absorption 
bands [11]. 

6.2 Scanning electron microscopy (SEM) 
The surface topography of the microspheres should be examined using scanning electron microscopy at different 

magnification, the acceleration voltage applied samples were mounted on a scanning electron microscopy holder 
using a double-sided adhesive tape and coated with gold-palladium under vacuum, and the surface topography was 
investigated. The external and internal morphology of the microspheres is studied by (SEM) [12]. 

6.3 Micrometric studies 

Mucoadhesive microsphere is evaluated as per the method described by Aulton the angle of repose and flow rate 
is determined by the funnel method. The bulk density and tapped density were obtained by the cylinder method. 
[13]. 

6.4 Bulk density 

The bulk density of a powder is the ratio of the mass of an untapped powder sample and its volume containing 
the contribution of the interparticulate void spaces. Hence, the bulk density depends on both the density of powder 
particles and the spatial arrangement of particles in the powder bed. The bulking properties of a powder are depen-
dent upon the preparation, treatment, and storage of the sample, the bulk density is expressed in grams per milliliter 
(g/ml)  

Bulk density (ρb) = W/Vb 

Where w is weight of the sample in grams, Vb is final bulk volume of granules in cm3 

6.5 Tapped density 

The tapped density is an increased bulk density attained after mechanically tapping a container containing the 
powder sample. The tapped density is obtained by mechanically tapping a graduated measuring cylinder or vessel 
containing the powder sample. After observing the initial powder volume or mass, the measuring cylinder, and vo-
lume or mass readings are taken, if the volume changes were observed more than 2 percentages. The mechanical 
tapping is further continued to obtain the constant reading. Finally, tapped density can be calculated by the follow-
ing equation [14]. 

Tapped density (ρt) = W/ Vt 

Angle of repose 

The fixed funnel method was used for estimating the angle of repose for microspheres. 
Θ = tan-1 (h/r) 

Where Θ is the angle of repose, his the height of the cone, and r is the radius of cone or base radius [15]. 

% Compressibility index 

Percentage compressibility Index = 1-{V/Vo} ×100 where V and Vo are the volumes of the sample after and be-
fore the standard tapping, respectively [16]. 
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Hausner’s ratio 

The Hausner ratio is a number that is correlated to the flowability of a powder or granular material 
It can be calculated & expressed by the following equation [16]. 

H = ρb/ρt 

Particle size  

Size is measured using an optical microscope, and mean particle is calculated by can be measured by the optical 
microscopy method using a calibration stage micrometer. Further particle size analysis can be done by fitting cam-
era imaging accessory to the microscope [16]. Different sizes of microspheres and their distribution in each batch 
are measured by sieving in a mechanical shaker, using a standard sieve (ASTM) and the shaking period of 15 mi-
nutes. Particle size distribution can be determined and the mean particle size of microspheres is calculated by using 
the following formula  

Mean particle size = ∑ (mean particle size of the fraction × weight fraction)/∑ (weight fraction) 

Density determination 

The density of the microspheres can be measured by using a multi-volume pychnometer. Accurately weighed 
sample in a cup, which will be placed into the multi-volume pycnometer. Helium is introduced at a constant pres-
sure in the chamber and allowed to expand. This expansion results in a decrease in pressure within the chamber. 
Two consecutive reading of reduction in pressure at different initial pressure is noted. From two pressure reading 
the volume and density of the microspheres carrier is determined [16]. 

Floating behavior 

The floating test on the microspheres should be carried out using the dissolution method type II apparatus, speci-
fied in the USP XXII, each jar is filled with 0.1N HCl solution (pH 1.2, 900 ml) and maintaining the temperature of 
37±0.5°C, which is agitated by a paddle rotated at 100 rpm. Disintegration test solution No.1 (pH 1.2), containing 
Tween 20 (0.02 % w/v), was used as a dispersing the medium to simulate gastric fluid. After agitation for a pre-
viously determined interval, the microspheres that floated over the surface of medium and those that settled to the 
bottom of the flask were recovered separately. After drying, each fraction of the microspheres was weighed. The 
buoyancy of the microspheres was represented by the following equation [16]. 

Angle of contact 

The angle of contact measurement determines the wetting property of a microsphere. It determines the nature of 
the microsphere in terms of hydrophilicity or hydrophobicity. The angle of contact measures at solid/air/water in-
terface. The angle of contact will be measured by placing a droplet in a circular cell mounted above objective of the 
inverted microscope. Contact angle should be measured at 200° within a minute of deposition of microsphere [16]. 

Swelling index 

The swelling of the polymer is measured by their ability to absorb water and swells. A know desired quantity and 
the initial weight of the mucoadhesive microspheres are taken, followed by placing the microspheres in 0.1N HCl, 
900 ml rotated at 75 rpm. The medium should be maintained at 37±0.5°C through the study. The microsphere is 
removed periodically from the dissolution medium. After draining free water these are measured for weight gain 
swelling characteristics were expressed in terms of % water uptake 

WU% = weight of swollen microspheres – initial weight of microspheres/ initial weight of microsphere ×100 

Percentage Yield 

The yield was calculated by the following equation 
% yield = weight of the mucoadhesive microspheres/weight of drug taken+ total polymer weight × 100 

Percentage drug content  

A fixed amount of microspheres contain a drug is dissolved in a suitable solvent such as ethanol, methanol, etc. 
by ultra-sonication the solvent is then filtered through a 0.22 µm membrane filter. Finally, drug concentration was 
determined by the UV-visible spectrophotometrically [16]. 

Drug content can be calculated by the following equation formula  
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% of drug content = weight of drug in microspheres/weight of microspheres recovered ×100   

The percentage of drug entrapment 

The percentage of drug entrapment can be calculated by the following equation [16].  
% of drug entrapment = calculated drug concentration/theoretical drug content ×100 

Drug entrapment efficiency 

The microsphere loaded with a drug can be estimated by adding the desired volume of 0.1M HCl solution under 
stirring. The mixture should have filtered with the Whatman filter paper and the amount of drug can be determined 
by spectrophotometrically [16]. 

Encapsulation efficiency = M (actual)/M (theoretical) ×100 

Ex Vitro Mucoadhesive study 

The method with necessary changes. Overnight fasted male rats (200-250 g) should be sacrificed and stomach 
mucosa is wash with mimicking physiological saline After 15 min the mucosa held in inclined position. Mucosa 
was fixed to the glass slide with the cyanoacrylate glue and about desired mucoadhesive microspheres (N0) were 
hydrated with the little amount of water and dispersed on the mucosal tissue and left on it for 20 min for the inte-
raction with the mucosal surface. During this period the whole system will be placed in a constant humidity cham-
ber which was adjusted to 90% relative humidity. At the end, the system will be washed with 0.1 NHCl solution 
(pH 1.2) using a peristaltic pump. Microspheres detached from the mucosa (Nf) were observed visually and percent 
mucoadhesion was calculated [17]. 

% mucoadhesive strength = N0- Nf /N0 

In Vitro drug release studies 

The drug release profiles of drug-loaded microspheres should be carried out in 0.1 N HCl solutions (pH 1.2, 900 
ml) at 37±0.5°C using a USP XXII dissolution test apparatus. The rotation speed of the paddle was adjusted to 100 
rpm for homogeneous dispersion of mucoadhesive microspheres in the dissolution medium. An aliquot should be 
withdrawn periodically from test solution and replaced with the same sample of fresh medium maintained at 
37±0.5°C and assayed spectrophotometrically were collected in triplicate. In order to investigate the drug release 
mechanism, the release data were fitted to models representation zero-order, first-order, Higuchi and Pep-
pas-Korsemeyer equation [17]. 

In Vivo X-ray imaging study: 
In order to check the mucoadhesion of the microsphere, initially microspheres are fabricated by adding 50% of 

x-ray grade barium sulfate to the formulation, these can be administrated through the gastric tube with the aid of 
3-4 ml of water, using a syringe to push the beads forward. The position of mucoadhesive microspheres was moni-
tored by X-ray photography [17]. 

In Vitro wash-off test for microspheres 

The Mucoadhesive character of the microspheres should be evaluated by in-vitro adhesion testing method known 
as wash off method. A piece of rat stomach mucosa 1×1 cm will be tied on to a glass slide using a thread. Approx-
imately 100 microspheres were taken to spread on to the wet rinsed tissue specimen and the prepared slide was 
hung on to one of the grooves of a USP tablet disintegrating test apparatus. The disintegrating test apparatus was 
operated whereby the tissue specimen was given up and down movements regularly in the beaker of the disinte-
grating apparatus, which contained the gastric fluid (pH 1.2). At the end of 30 min, 1 hr and at hourly intervals up 
to 4 hrs, the number of microspheres still adhering to the tissue should be counted [17]. 

Percent mucoadhesion = (weight of adhered microspheres/weight of applied microspheres) × 100 

Mucoadhesive Microspheres stability in the pH 1.0 HCl medium 

Mucoadhesive microspheres should be dissolved in hydrochloric acid at 37°C, which directed that microspheres 
might be degraded by gastric acid. microspheres are suspended in pH 1.0 HCl for different periods of time, when 
mucoadhesive microspheres are examined for any morphological changes at 1, 2, 4 and 6 hrs, by SEM studies, 
when there is no change in morphological character, indicated that microspheres have stability in HCl medium [17]. 
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Stability study 

To assess the mucoadhesive formulation stability, stability studies should be carried out as per ICH guidelines. 
The best mucoadhesive microspheres formulation should be selected for stability study based on in vitro drug re-
lease studies, drug entrapment efficacy and in vitro wash off test. The selected formulations should be stored at 
40°C±10°C/Ambient, 25±20°C/60±5% RH, 40±20°C/75±5% RH in closed high density polyethylene bottles for 90 
days. The samples should be evaluated periodically for entrapment efficiency and percentage mucoadhesion, 
In-vitro drug release studies should be carried out [17, 18].  

7. Future Challenges 
The main aim of the author is to develop a factorial design by employing Design Expert (Stat ease) to the formu-

lation, which gives best-optimized outcome data [19]. 

8. Conclusion 
Here the effect of mucoadhesive microspheres may increase the gastric retention of the drug, hence increases its 

bioavailability. The present review attributed to mucoadhesive microspheres type of gastro retentive drug delivery 
systems with prominence on the novel delivery systems employing polymers. The mucoadhesive delivery system 
has proven to be suitable for the reduction of the transit time of the dosage form in many research works. Even 
though the numerous advantages offered by these delivery systems, a new technique is further required various 
drug to explore the in vivo data, which can mimic the in vivo performance. A mucoadhesive delivery device has 
wide scope in future administration of various drugs with improved adhesion and successive sustained delivery of 
drug throughout the gastrointestinal tract [20]. 
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