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Abstract 

Controlled release technology is relatively a new field and as a consequence research in this field has been 

extremely fertile and has produced many discoveries. New and more sophisticated sustained release drug 

delivery systems are constantly being developed and tested. An example of these is gastro resident systems 

which enable the extended delivery of drugs with limited colonic absorption. Hollow microsphere ( 

Microballoons) promises to be a potential approach for gastric retention. Hollow microsphere drug-delivery 

systems are based on non-effervescent system containing empty particles of spherical shape without core 

ideally having a size less than 200 micrometer. Hollow microsphere drug delivery systems have shown to be 

of better significance in controlling release rate for drugs having site specific absorption. Optimized Hollow 

microsphere will find the central place in novel drug delivery, particularly in safe, targeted and effective in 

vivo delivery promises to be a potential approach for gastric retention.  
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INTRODUCTION  

Successful fabrication of sustained release products 

is usually difficult and involves consideration of the 

physicochemical properties of the drug, 

pharmacokinetic behavior of the drug, and route of 

administration, diseased state to be treated and most 

importantly placement of the drug in a dosage form 

that will provide the desired temporal and spatial 

delivery pattern forthe drug.1Conventional oral 

dosage forms such as tablets, capsules provide a 

specific drug concentration in systemic circulation 

which do not release at the constant rate for 

prolonged period of time. Controlledrelease drug 

delivery system is capable of achieving the benefits 

like maintenance of therapeutic amount of drug 

concentration in blood with controlled release rate 

for an extended time period; enhancement of activity 

of duration for short half-life drugs; elimination of 

side effects; reducing the fluctuations of drug 

concentration and frequency of dosing; it optimized 

therapy and better patient compliances.2 The major 

pitfall encountered during the development of the 

conventional CR systems is inability to retain and 

localize the drug delivery system (DDS) within the 

desired absorptive region of gastrointestinal (GI) 

tract, which results in inadequate therapeutic 

response and incomplete drug 

absorption.2,3Gastroretentive drug delivery systems 

(GRDDS), in this regard, complement the oral CR 

formulations by continuously releasing the drug at a 

controlled rate for a prolonged period through the 

“drug absorption window” ensuring optimal extent 

of bioavailability too.2,4 

 

 

1.1 Gastroretentive drug delivery systems (GRDDS) 
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Dosage forms that can be retained in stomach for 

longer periods of time are called gastroretentive 

drug delivery systems (GRDDS).GRDDS are 

suitable and beneficial for such drugs by improving 

their absolute bioavailability, therapeutics 

efficiency, increase gastric residence time (GRT), 

possible reduction of the dose, reduces drug waste 

and improves solubility for drugs that are less 

soluble in a high pH environment2. Various attempts 

have been made to retain the dosage form in the 

stomach as a way of increasing the retention time. 

These attempts include introducing floating dosage 

forms (gas generating systems and swelling or 

expanding systems), mucoadhesive systems, high-

density systems, modified shape systems, gastric 

emptying delaying devices and co-administration of 

gastric emptying delaying drugs. Among these, the 

floating dosage forms are the most commonly used. 

For the understanding of gastro retentive 

fundamental first of all we have to understand the 

physiology of stomach.3,4 

 

1.2 Physiology of Stomach[5] 

Anatomically the stomach is divided into 3 regions: 

fundus, body, and antrum (pylorus). The proximal 

part made of fundus and body acts as a reservoir for 

undigested material, whereas the antrum is the main 

site for mixing motions and act as a pump for gastric 

emptying by propelling actions (Fig.1). 

 

 
Figure 1: Anatomy of stomach                          

 
Figure 2: Figure showing inter-digestive motility 

patterrn 

 Gastric emptying occurs during fasting as well as 

fed states. The pattern of motility is however distinct 

in the 2 states. During the fasting state an inter-

digestive series of electrical events take place, which 

cycle both through stomach and intestine every 2 to 

3 h. This is called the inter digestive myloelectric 

cycle or migrating myloelectric cycle (MMC), 

which is further divided into following 4 phases-  

(Fig. 2). 

1. Phase I (Basal phase) lasts from 30 to 60 min with 

rare contractions.  

2. Phase II (Pre burst phase) lasts for 20 to 40 min 

with intermittent action potential and contractions. 

As the phase progresses the intensity and frequency 

also increases gradually. 

 3. Phase III (burst phase) lasts for 10 to 20 min. It 

includes intense and regular contractions for short 

period. It is due to this wave that all the undigested 

material is swept out of the stomach down to the 

small intestine. It is also known as the housekeeper 

wave. 

 4. Phase IV lasts for 0 to 5 min and occurs between 

phases III and I of 2 consecutive cycles.  

 

2. Approaches to gastric retention. 5 
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2.1Hollow Microspheres  

Hollow microspheres are gastro-retentive drug 

delivery systems based on non-effervescent 

approach. Hollow microspheres (microballoons) are 

in strict sense, spherical empty particles without 

core. These microspheres are characteristically free 

flowing powders consisting of proteins or synthetic 

polymers, ideally having a size less than 200μm.6 

These solid biodegradable microspheres 

incorporating a drug dispersed or dissolved 

throughout particle matrix have the potential for 

controlled release of drugs. Gastro-retentive hollow 

micro spheres are low density systems that have 

sufficient buoyancy to float over gastric contents 

and remain in stomach for prolonged period. As the 

system floats over gastric contents, the drug is 

released slowly at desired rate resulting in increased 

gastric retention with reduced fluctuations in plasma 

drug concentration. Hollow microspheres loaded 

with drugs in their other polymer shelf were 

prepared by simple solvent evaporation or solvent 

diffusion / evaporation methods to prolong the 

gastric retention time (GRT) of the dosage form with 

continuously floating over the surface of an acidic 

dissolution media containing surfactant formore then 

12 h. 7,8 

 

3. MECHANISM OF HOLLOW 

MICROSPHERE 

When hollow microsphere  come in contact with 

gastric fluid the gel formers, polysaccharides, and 

polymers hydrate to form a colloidal gel barrier that 

controls the rate of fluid penetration into the device 

and consequent drug release. As the exterior surface 

of the dosage form dissolves, the gel layer is 

maintained by the hydration of the adjacent 

hydrocolloid layer. The air trapped by the swollen 

polymer lowers the density and confers buoyancy to 

the microspheres. However a minimal gastric 
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content needed to allow proper achievement of 

buoyancy.7,8 

 

 

 

Fig.4 Mechanism of floating systems, GF= 

Gastric fluid 

 4.  Materials used preparation of Hollow 

microsphere 9,10 

 
 

 

5. METHODS OF PREPARATION 

OF HOLLOW MICROSPHERE 5,,8 

 

5.1 Solvent evaporation method 

Solvent evaporation technique is widely employed 

to obtain the controlled release of drug. In this 

method, the drug and polymer are dissolved in an 

organic phase (usually methylene chloride) and 

dispersed in an excess amount of aqueous 

continuous phase, with agitation to form an 

emulsion. Depending upon the hydrophilicity or the  

 

 
hydrophobicity of drugs, different methods are used 

to prepare microspheres by solvent evaporation 

technique. The o/w method is frequently utilized for 

insoluble or poorly water-soluble drugs, whereas for 

hydrophilic drugs, this method is inappropriate due 

to dissolution and extensive loss of drug. Hence, for 

incorporation of hydrophilic drugs water in oil in 

water double emulsion method, oil in water co-

solvent method and oil in oil non-aqueous solvent 

evaporation method can beemployed8. 

 

 
Fig.5 Process steps involved in solvent 

evaporation method 

 

 
Fig. 6 Process of buoyancy of hollow 

microspheres solvent evaporation method 
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5.2 Emulsion solvent diffusion method 

The mixture of drug polymer is dissolved in the 

solution of ethanol: dicloromethane and this mixture 

is adding dropwise to polyvinyl alcohol solution. 

This solution is stirred at 1500 rpm for 1 hour and at 

different temperature ranges12,13.In the emulsion 

solvent diffusion method the affinity between the 

drug and organic solvent is stronger than that of 

organic solvent and aqueous solvent. The drug is 

dissolved in the organic solvent and the solution is 

dispersed in the aqueous solvent producing the 

emulsion droplets even though the organic solvent is 

miscible. The organic solvent diffuse gradually out 

of the emulsion droplets in to the surrounding 

aqueous phase and the aqueous phase diffuse into  

the droplets by which drug crystallizes.8 

 
Fig:7 Emulsion Solvent Diffusion Method 

 

5.3 Solvent diffusion-evaporation technique 

This technique is with slight modification of both 

emulsion solvent evaporation method and emulsion 

solvent diffusion method. Drug, polymers and 0.1% 

of surfactant such as PEG are mixed in the solution 

of ethanol: dichloromethane (1:1) at room 

temperature. This solution is slowly introduced into 

80 ml of 0.46% w/w of polyvinyl alcohol as 

emulsifier. This is stirred using propeller agitator for 

1 hour for evaporation of organic solution and then 

filtered it11,12,. 

The best formulation is selected on the basis of 

optimized result of various process variables such as 

polymer ratio, drug: polymer ratio, stirring speed 

and concentration of emulsifier12. 

5.4Multiple emulsion solvent evaporation 

technique 

Multiple emulsion or double emulsion technique is 

appropriate for the efficient incorporation of water 

soluble peptides, proteins and other 

macromolecules. In this process the polymers are 

dissolved in an organic solvent and emulsified into 

an aqueous drug solution to form an emulsion. The 

primary emulsion is re-emulsified into an aqueous 

solution containing an emulsifier to produce 

multiple w/o/w dispersion. The organic phase acts as 

a barrier between the two aqueous phases, 

preventing the diffusion of the active material 

toward the external aqueous phase. Microspheres 

developed by w/o/w method exhibit various 

characteristics such as porous or nonporous external 

shell layer enclosing hollow, macroporous, or 

microporous internal structures depending on 

different parameters. These methods utilize high-

speed homogenization or ultrasonication, followed 

by evaporation of the solvent, either by continuous 

magnetic stirring at room temperature or under 

reduced pressure. Afterwards, the solidified 

microparticles can be collected by 

ultracentrifugation and washed with distilled water 

to remove additives such as surfactants and finally, 

the product is lyophilized. 13,14 

 
Fig:8  Double Emulsion Technique 

5.5  Spray drying 

Spray drying is the most widely employed industrial 

process for particle formation and drying. It is an 

ideal process where the required particle size 

distribution, bulk density and particle shape can be 

obtained in a single step,15,16  

First of all, polymer is dissolved in a suitable 

volatile organic solvent such as dichloromethane, 

acetone etc. to form a slurry. The slurry is then 

sprayed into the drying chamber, concentration 

gradient of the solute forms inside the small droplet 

with the highest concentration being at the droplet 
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surface. This is because the time of the solute 

diffusion is longer than that of the solvent in the 

droplets evaporating during the drying process. 

Subsequently, a solid shell appears leading toward 

formation of microspheres. Separation of the solid 

products from the gases is usually accomplished by 

means of a cyclone separator while the traces of 

solvent are removed by vacuum drying and the 

products are saved for later use15,16  . 

    

 
Fig:9  Spray Drying Method 

 

6 Factors Affecting Physiochemical Properties of 

Hollow Microsphere 12,17 

6.1 Stirring rate 

Due to increase in agitation during stirring, higher 

energy is produced which helps in breaking the 

particles and resulting in decrease in particle size. 

The size of the resulting microspheres decreases 

with increasing agitation, but the increase is not 

statistically significant. It may be inferred that the 

agitation speed over the study range is not able to 

break up the bulk of the polymer into finer 

droplets12. 

6.2 Temperature of preparation 

The study of optimum preparation temperature with 

respect to microsphere cavity formation. The 

solution drug and polymer are poured into an 

aqueous solution of PVA at various temperatures, 

i.e., 20, 30, 40 and 50 ºC. They conclude that 

preparation at 20 or 30 ºC provided porous 

microspheres having higher porosity with a surface 

so rough as to crumble upon touching. As the 

preparation temperature increases, particle size 

decreases. Because at high temperature, emulsion is 

less viscous and it becomes much easier for the 

emulsion to be broken down into smaller droplets at 

the same power of mixing input27. Microballoons 

prepared at high temperature are found to be a 

uniform internal pore distribution. Microspheres 

formed at higher temperature gives very slow 

release rates after their initial drug release.17 

6.3 Plasticizers 

Upon addition of plasticizer, it provides elasticity 

and flexibility to the wall of material so that it never 

gets brittle or ruptured under pressure. It is also 

observed that the release of the drug increased 

significantly with the increase of plasticizer 

concentration17. 

6.4 Volume of aqueous phase (Continuous phase) 

The effect of various volumes on the formation of 

hollow microspheres. When the volume of aqueous 

phase increases the particle size decreases and thus 

buoyancy increases. Using of large volumes of the 

external aqueous phase reduces the required stirring 

times. The solubility of dichloromethane in water is 

1% w/v. Using a larger volume (400 to 500 ml), the 

diffusion of dichloromethane into the aqueous 

phase, and hence the solidification of particles, 

occurred faster, when compared to a volume of 200 

ml. 17. 

6.5 Solvent ratio 

The bridging liquid plays a key role in microsphere 

preparation. Very small volume of the bridging 

liquid gives irregularly shaped microspheres while 

very large volume of bridging liquid prevents from 

solidifying of the emulsion droplets. Therefore, the 

amount of dichloromethane needs to be carefully 

controlled18. The ratio of dichloromethane with 

ethanol affects the morphology of the microspheres 

so optimized the ratio which can give best spherical 

shape. The ratio of ethanol to dichloromethane is 

2:1 obtains the best result with spherical shape.12 

Faster rate of solvent evaporation gives smooth 

surface, spherical shape and lower encapsulation. 

6.6 Amount of polymer and viscosity 

Smaller microballoons are formed at a lower 

polymer concentration and has a larger surface area 

exposed to dissolution medium giving faster release 

of drug12. 

6.7 Effect of solvent 

The effect of various organic solvents on the 

formation of microspheres by the solvent 
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evaporation method. Dichloromethane is employed 

as polar internal organic solvent phase for 

preparation of microspheres because it is a good 

solvent for most of the polymers and drugs. 

However, it is observed that the microspheres 

obtained are not at all spherical in shape. To solve 

this problem, methanol is used, along with 

dichloromethane, in the preparation of microspheres. 

The microspheres so obtained will be a spherical, 

but lack of smooth texture. As ethanol  have  high  

boiling point in relation to other organic solvents 

such as dichloromethane, acetone, methanol etc., 

which prevents immediate polymer precipitation. 

The researchers observed that the microspheres so 

obtained were completely spherical, with a smooth 

surface12,18. 

6.8 Emulsifier concentration 

The effect of emulsifier concentration on particle 

size is studied by the scientist. They found that the 

particle size and size distribution is increased when 

the surfactant concentration is reduced from 1% to 

0.25% (w/w). The role of the emulsifier (surfactant) 

is to decrease the interfacial tension between the 

dispersed droplets and the continuous phase, as well 

as to protect the droplets from collision and 

coalescence33. At lower emulsifier concentrations, 

droplets are more likely to collide and fused to form 

larger globules; it is insufficient to shield the entire 

droplet surface. At higher concentration of 

emulsifier, it reduces the encapsulation efficiency18.  

 

7 CHARACTERIZATIONOF HOLLOW 

MICROSPHERE17,18. 

7.1 Percentage Yield 

The percentage yield of the hollow microspheres is 

determined for drug and is calculated using the 

following equation 

Yield=M/Mo x 100 

Where M = weight of beads 

Mo = total expected weight of drug and  polymer. 

 

7.2 Micromeritic properties 

 particle size 

 tapped density 

 compressibility index 

 true density and flow properties 

 angle of repose37 

 

Particle size is determined by an optical microscopy, 

and average diameter of particle is calculated with 

the help of calibrated ocular micrometer (by 

measuring 200 to 300 particles). True density is 

determined by liquid displacement method; tapped 

density and compressibility index are calculated by 

measuring the change in volume using a bulk 

density apparatus; angle of repose is determined by 

fixed funnel method. The hollow nature of 

microspheres is confirmed by scanning electron 

microscopy. 

Angle of repose of the micro balloons are 

determined by the fixed funnel method. 

7.3 In vitro buoyancy/Floating Behavior 

Appropriate quantity of hollow/empty microspheres 

are placed in 900 ml of 0.1N HCl. The mixture is 

stirred at 100 rpm for 8-10 hours in dissolution 

apparatus. After 8 to 10 hours, the layers of buoyant 

microspheres are pipetted and separated by 

filtration. Particles which  lies in the layer of sinking 

particulate are separated by filtration. Particles of 

both types (buoyant microspheres and settled 

microspheres) are dried in a desiccator until constant 

weight is achieved. Both the fractions of 

empty/hollow microspheres are weighed, and In 

vitro buoyancy is determined by the weight ratio of 

floating microspheres to the sum of floating and 

sinking microspheres17. 

Buoyancy (%) = {Wf / (Wf + Ws)} × 100 

Where, Wf and Ws are the weights of the floating 

and settled microspheres 

7.4 Scanning electron microscopy 

Dry hollow microspheres are placed on an electron 

microscope brass stub a coated with gold in an ion 

sputter. Then pictures of microsphere are taken by 

spectro random scanning of the stub. The 

microspheres are viewed at an accelerating voltage 

of 20KV17. 

7.5 In-vitro drug release studies17,19 

The release rate of hollow microspheres are 

determined in a United States Pharmacopoeia (USP) 

XXIII basket type dissolution apparatus.A weighed 

amount of hollow microspheres (filled into a hard 

gelatin capsule) equivalent to dose of drug and place 
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in the basket of dissolution rate apparatus containing 

dissolution medium. The dissolution fluid is 

maintained at 37 ± 1 °C and rotation speed at a 

specific rpm. Perfect sink conditions carry out 

during the drug release study. Few ml (5 ml) of 

samples are withdrawn at each time interval and 

analyzes using Liquid chromatography / Mass 

spectroscopy method to determine the concentration 

of microballoons present in the dissolution medium. 

The initial volume of the dissolution fluid is 

maintained by adding 5 ml of fresh dissolution fluid 

after each withdrawal. All experiments are run in 

triplicate. 

7.8 In-vivo studies 19  

The in-vivo studies are performed on suitable animal 

models example such as rat, beagle dogs etc. The 

floating behavior can be investigated by 

radiographical studies using barium sulphate 

microballoons. 19  

 

8 APPLICATIONS OF HOLLOW 

MICROSPHERE12,14 

 Microballoons can ameliorate the 

pharmacotherapy of the stomach through local drug 

release and it leads to high drug concentrations in 

the gastric mucosa, thus eliminating Helicobacter 

pylori from the sub mucosal tissue of the stomach 

and making it possible to treat stomach and 

duodenal ulcers, gastritis and oesophagitis. 

 These empty microspheres allow sustained 

drug release behavior and release the drug over a 

prolonged period of time. Hollow microspheres are 

fabricated as a floating controlled drug delivery 

system. 

 It is recently described that drugs is to be 

entrapped in hollow microspheres and reduces the 

fluctuations include Prednisolone,Lansoprazole, 

Celecoxib, Piroxicam, Theophylline, Diltiazem 

hydrochloride, Verapamil hydrochloride and 

Riboflavin, Aspirin, Griseofulvin, Ibuprofen,  

Terfenadine. 

 Floating microspheres can greatly enhance 

the absorption of those drugs which have poor 

bioavailability and thus it improves absolute 

bioavailability. 

 Floating microspheres are site specific drug 

delivery especially for those drugs which are 

specifically absorbed from stomach or the proximal 

part of small intestine. 

 Polymer granules having internal cavities 

prepared by de acidification when added to acidic 

and neutral media are found buoyant and provided a 

controlled release of the drug prednisolone. Floating 

hollow microcapsules of melatonin showed gastro 

retentive controlled-release delivery system. Release 

of the drug from these microcapsules is greatly 

retarded with release lasting for 1.75 to 6.7 hours in 

simulated gastric fluid. Most of the mucoadhesive 

microcapsules are retained within the stomach for 

more than 10 hours e.g., Metoclopramide and 

glipizide loaded chitosan microspheres.20 

 Microballoons can be used to transport the 

drugs with so-called absorption windows, these 

substances, for example, antiviral, antifungal and 

antibiotic agents (Sulphonamides, Quinolones, 

Penicillins, Cephalosporins, Amino glycosides and 

Tetracyclines) are taken up only from very specific 

sites of the GI mucosa. 

 Empty microspheres of NSAIDS drugs are 

very successful for controlled release as well as it 

reduces the side effect of gastric irritation; for 

example floating microspheres of Indomethacin is 

quite beneficial for rheumatic patients. 
 Floating microspheres are especially 

effective in delivery of sparingly soluble and 

insoluble drugs. It is known that as the solubility of 

a drug decreases, the time available for drug 

dissolution becomes less adequate and thus the 

transit time becomes a significant factor affecting 

drug absorption. For weakly basic drugs that are 

poorly soluble at an alkaline pH, hollow 

microspheres may avoid chance for solubility to 

become the rate-limiting step in release by 

restricting such drugs to the stomach. The gastro-

retentive floating microspheres will alter 

beneficially the absorption profile of the active agent 

that has poor bioavailability because of their limited 



Review Article            ISSN: xxxx-xxxx 
JIIPS    Maanet al., 1(1):29-41, 2020 
 

 

 Journal of Innovation and Invention in Pharmaceutical Sciences (JIIPS) Volume 1 Issue 1: July 2020      P - 37 
 

absorption in the upper GIT, thus enhancing its 

bioavailability. e.g Furosemide, Riboflavin etc. 21 

9 ADVANTAGES OF HOLLOW MICROSPHERE 
14 

 Reduces the dosing frequency and thereby 

improve the patient compliance.              

 Better drug utilization will improve the 

bioavailability and reduce the incidence or intensity 

of adverse effects, and despite the first-pass pass 

effect because fluctuation in plasma drug 

concentration is avoided, a desirable plasma drug 

concentration is maintained by continuous drug 

release.       

 Hollow microspheres are used to decrease 

material density and Gastric retention time is 

increased because of buoyancy 

 Enhanced absorption of drugs which solubilize 

only in stomach.   

 Drug releases in controlled manner for prolonged 

period.                                                         

 Site-specific drug delivery to stomach can be 

achieved.                                                                   

 Superior to single unit floating dosage forms as 

such microspheres releases drug uniformly and there 

is no risk of dose dumping. 

  Avoidance of gastric irritation, because of 

sustained release effect. Better therapeutic effect of 

short half-life drugs can be achieved. 

 Microsphere morphology allows a controllable 

variability in degradation and drug release. 

 

10.  DISADVANTAGES HOLLOW 

MICROSPHERE14 

 The modified release from the formulations. 

 The release rate of the controlled release 

dosage form may vary from a variety of factors like 

food and the rate of transit though gut. 

 Differences in the release rate from one dose 

to another. 

 Controlled-release release formulations 

generally contain a higher drug load and thus any 

loss of integrity of the release characteristics of  the 

dosage form may lead to potential toxicity. 

 Dosage forms of this kind should not be 

crushed or chewed. 

 

 

11 RECENT RESEARCHES ON HOLLOW 

MICROSPHERE12,14 

Table 1 :List Of Marketed Formulations Of 

Hollow Microsphere 

Marketed formulations  

Drug Brand 

name                                            

Manufacturer name  

Nizatidine 

Tazac                                

Dr. Reddy Laboratories LTD 

Propranolol 

Hydrochloride                 

Inderal Pellets Pharma Limited  

Domperidone    MotiliumNishchem International 

Pvt. Ltd 

Theophylline Uniphyl Kores India Limited 

 

Table 2: Various hollow microspheres prepared 

by solvent evaporation method 12,23 

S.N

o 

Drug Polymer (s)    Remarks 

1 Valacyclovir 

HCl            

EC Floating 

microspheres 

developed to 

localize the 

drug in upper 

part of GIT, 

for improved 

absorption   

2 Captopril Eudragit S 100, 

EC 

Sustained 

release 

floating 

microspheres 

to reduce the 

dosing 

frequency of 

drug   

3 Stavudine EC, 

dibutylphthalat

e 

Novel 

polymeric 

combinations 

for controlled 

release 

microspheres 

to improve 
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the very short 

half-life (1.30 

h) of drug  

4 Metformin 

HCl 

 

HPMC, EC Floating 

microballoons 

to achieve an 

extended 

retention in 

upper GIT  

5 Boswellic acid Eudragit RS 

100, Eudragit 

RL 100 

The drug 

release could 

be controlled 

by changing 

polymer ratio.   

6 Ranitidine 

HCl 

HPMC K 100, 

Xanthan gum, 

Eudragit S 100 

The GI 

retention 

enhanced by 

combining 

acrylic and 

hydrophilic 

polymer; 

frequency of 

administration 

could also be 

decreased 

7 Rosiglitazone 

maleate 

HPMC, EC Floating 

microspheres 

to prevent the 

degradation of 

drug as pH 

increases and 

to reduce the 

gastric 

disturbances  

8 Cephalexin EC Concentration 

of EC had 

significant 

effect on the 

floating 

ability as well 

drug release   

9 Ketoprofen HPMC, EC HPMC and 

two different 

grades of EC 

as polymer 

utilized for 

safe and 

effective 

sustained drug 

delivery  

10 Fomatidine Acrylocoat S 

100, cellulose 

acetate 

Characteristic

s of two 

polymers 

compared; 

cellulose 

acetate 

containing 

microspheres 

showed a 

desirable high 

drug content, 

good flow 

properties, 

buoyancy and 

adequate 

release 

characteristics  

11 Clarithromyci

n 

HPMC, 15M, 

K4M, 100 LV, 

EC 

Non-aqueous 

solvent 

evaporation 

method for 

preparation of 

clarithromyci

n 

microspheres 

for better 

eradication of 

H. pylori 

infection] 

GIT – Gastrointestinal tract; HPMC – Hydroxy 

propyl methyl cellulose; HCl – Hydrochloride; H. 

pylori – Helicobacter pylori; EC – Ethyl cellulose; 

GI – Gastrointestinal; LV – Low viscosity 

Table 3: Various hollow microspheres prepared 

by emulsion solvent diffusion method12,23 

S.No Drug Polymer 

(s) 

Remarks 

1 Curcumin HPMC, 

EC, 

PVP, 

Eudragit 

RS 100 

Floating 

microspheres 

prepared by using 

emulsion solvent 

diffusion method 

and evaluated for 

anti-inflammatory 
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and anti-arthritic 

activity   

2 Acelofenac Eudragit 

S 100, 

Eudragit 

L 100 

A novel approach 

(floating pulsatile 

drug delivery 

system) developed 

for site and time 

specific release of 

aceclofenac 

3 Glipizide Eudragit 

S 

Incorporation of 

porous carrier 

(calcium silicate) in 

the microspheres 

effective in 

achieving the 

desired release 

behavior and 

buoyancy   

4 Clarithromycin Eudragit 

S 100, 

RS 100, 

RL 100, 

L 100, L 

100 55 

The ability of 

Eudragit polymers 

to resist the acid 

environment of 

stomach has been 

utilized to prepare 

and retain the 

microspheres in the 

stomach for 

prolonged period   

5 Amoxycillin 

trihydrate 

HPMC, 

EC 

An attempt has been 

made for the 

eradication of H. 

pylori infections 

with amoxicillin 

trihydrate by using 

the FDDS   

6 Amoxicillin HPMC, 

EC 

Calcium 

silicate 

Microsphere with 

adsorbed drug and 

polymer coating 

showed a good 

floatability and drug 

release; great 

potential for its use 

powder form 

encapsulation 

7 Lovastatin Eudragit 

S 100, 

Eudragit 

Floating 

microspheres 

displayed better 

L 100 cholesterol lowering 

effect  

EC – Ethyl cellulose; HPMC – Hydroxy propyl 

methyl cellulose; PVP – Polyvinyl pyrrolidone; H. 

pylori – Helicobacter pylori; GIT: Gastrointestinal 

tract; GRT – Gastric residence time; FDDS – 

Floating drug delivery system 

 

Table 4: Various hollow microspheres prepared 

by spray drying method12,23 

SNo Drug Polymer 

(s) 

Remarks 

1 Cephalexin Sodiun 

alginate, 

PVA 

Floating 

microspheres 

successfully 

formulated with 

optimized spray 

dryer conditions. 

A Taguchi 

orthogonal array 

design was used 

to study the effect 

of formulation 

and process 

parameters in the 

development of 

microspheres 

2 Ketotifen Chotosan In vivo 

evaluation of the 

systems carried 

out by 

intraperitoneal 

administration in 

rats to evaluate 

plasma levels of 

the drug and 

possible tissue 

affectation 

3 Hydroxyapatite Ammonium 

bicarbonate 

HA microspheres 

fabricated by 

spray drying 

method; 

ammonium 

bicarbonate used 

as a gas forming 

agent, which can 

generate carbon 
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dioxide and 

ammonia gas 

bubbles during 

the spraying. The 

resultant hollow 

microspheres 

prepared with 

different amounts 

of ammonium 

bicarbonate were 

also characterized 

4 Budesonide Chotosan The drug release 

modifier and 

mucoadhesive 

properties of 

chitosan 

exploited while 

preparing 

sustained release 

formulations for 

pulmonary drug 

delivery 

5 Heparin Eudragit S 

100 

Establish 

feasibility of the 

spray drying for 

the preparation of 

microparticulate 

systems with 

incorporated 

controlled-release 

mechanism to 

modify LMWH 

release 

 

12 PATENTED HOLLOW MICROSPHERES 

(Microballoons) 12,14 

Table 5 :Some Patent Research Formulations of 

Hollow Microsphere 

Patent No Year Patent Title 

US0062071971B1 2001 Gastroretentive 

controlled release 

microspheres for 

improved drug 

delivery 

US2006/0013876 2006 Novel floating 

dosage form 

US2006/0015224A

1 

2010 Programmable 

buoyant delivery 

technology 

EP2329810A1 2011 Gastric retention 

drug delivery 

system, preparation 

method and use 

US2012/0201892A

1 

2012 Porous wall hollow 

glass microspheres 

as carrier for 

biomolecules 

EP2444064 A1 2012 Process for making 

multiparticulategastr

oretentive dosage 

form 

 

13 CONCLUSION 

Hollow Microsphere Drug Delivery promises to be a 

potential approach for gastric 

retention.Also,becomes an additional advantage for 

drugs that are absorbed primarily in the upper part of 

GI tract, i.e., the stomach, duodenum, and jejunum. 

A wide variety of drugs such as anti-inflammatory, 

antibiotic, antidiabetic, anti ulcerhave been 

formulated into hollow microspheres with promising 

in vitro- in vivo results. Some of the unresolved, 

critical issues like the quantitative efficiency of 

floating delivery systems in the fasted and fed states, 

role of buoyancy in enhancing GRT of FDDS and 

more than that formulation of an ideal dosage form 

to be given locally to eradicate H.Pylori, responsible 

for gastric ulcers also.  
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