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1. Introduction

   Oral rout of administration is the most convenient and 
widely used method of drug administration, and the 
development of stomach specific oral controlled-release 
drug delivery systems is a challenging job due to the 
variation of pH in different segments of the gastrointestinal 
tract, the fluctuation in gastric emptying time and the 
difficulty of localizing an oral delivery system in a selected 
region of the gastrointestinal tract. Rapid gastrointestinal 
transit can prevent the absorption of complete drug in the 
absorption zone and reduce the efficacy of the administered 
dose since the majority of drugs are absorbed in stomach or 
the upper part of small intestine[1,2]. 

   To overcome the above discussed issues, many types of 
oral controlled drug delivery systems having prolonged 
gastric residence times have been reported such as: floating 
drug dosage systems (FDDS)[3-7], swelling or expanding 
system[8], mucoadhesive systems[9,10], modified-shape 
systems[11], high-density systems and other delayed gastric 
emptying devices[12].
   FDDS have lower density than gastric fluids and thus remain 
buoyant in the stomach fluid without affecting the gastric 
emptying for a prolonged period of time. While the system is 
floating in the gastric fluid, the drug is released slowly from 
the system at a desired rate. Materials used for FDDS include 
carbon dioxide gas-forming agents (carbonate or bicarbonate 
compounds)[8,13], highly swellable hydrocolloids and light 
mineral oils[14,15]. Multiple unit systems and floating systems 
prepared by solvent evaporation methods have also been 
developed[12,16-20].
   However, it has been shown that products based on a 
multiple unit system comprising many small units have 
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advantages over single-unit preparations such as matrix 
tablets[21]. The gastric emptying of multiple unit dosage 
forms occur gradually, in a more consistent manner, with 
less individual variation[2,22]. Multiple unit dosage forms 
also have the potential to distribute widely over a large area 
in the stomach and small intestine, thus yielding a more 
predictable drug release by suppressing the effect of many 
variables in the gastrointestinal environment. As multiple 
unit dosage forms consist of many small units, less risk of 
dosage dumping is expected[23].
   Famotidine, a competitive histamine H2-receptor antagonist 
is used to treat gastrointestinal disorders such as gastric 
or duodenal ulcer, gastroesophageal reflux disease, and 
pathological hypersecretory conditions. Famotidine inhibits 
many of the isoenzymes of the hepatic CYP450 enzyme system. 
Other actions of famotidine include an increase in gastric 
bacterial flora such as nitrate-reducing organisms[24].
   Famotidine is widely used as the treatment of peptic ulcer 
disease and gastroesophageal reflux disease. Famotidine 
binds competitively to H2-receptors located on the 
basolateral membrane of the parietal cell, blocking histamine 
affects. This competitive inhibition results in reduced basal 
and nocturnal gastric acid secretion and a reduction in 
gastric volume, acidity, and amount of gastric acid released 
in response to stimuli including food, caffeine, insulin, 
betazole and pentagastrin[25].
   Floating microspheres are one of the multiparticulate 
delivery system and are prepared to obtain prolonged or 
controlled drug delivery to improve bioavailability and to 
target drug to specific sites. Microspheres can also offer 
advantages like limiting fluctuation within therapeutic range, 
reducing site effects, decreasing dosing frequency and 
improving patient compliance[26].
   In the present study, the multiple-unit-type oral floating 
microspheres bearing famotidine were developed by modified 
solvent evaporation technique. Eudragit S-100 was used as 
polymer.
   The high surface tension of stirring phase causes the 
solidification and aggregation of polymer on the surface when 
the polymeric solution is poured from upside. To minimize 
the contact of polymer solution with interface, a new method 
of introducing the polymer solution into stirring phase was 
adopted as established by Lee et al[27].
 

2. Materials and methods

   Famotidine was obtained as a gift sample from Cadila 
Pharmaceutical Ltd., Mumbai (Maharastra). Eudragit S100 
(Rohm Pharma GmbH, Germany) was used as polymers. All 
other chemicals and reagents were of analytical grade and 
were used without further purification.

2.1. Preparation of floating microspheres

   Floating microspheres were prepared by the method 
reported by Kawashima et al. with slight modifications[19]. 
Ten formulations of floating microspheres were developed. 
Different ratios of famotidine and Eudragit S-100 were mixed 

in a mixture of dichloromethane (DCM) and ethanol (Table 
1). The resulting suspension was added slowly into stirring 
to 0.25% w/v 400 mL solution of polyvinyl alcohol (PVA) at 
room temperature from the bottom side as shown in Figure 
1[27]. The stirring was continued for 2 h by mechanical stirrer 
equipped with four blade propellers in order to evaporate 
the solvent. After evaporation of solvent, microspheres were 
collected by filtration and washed repeatedly with water. The 
collected microspheres were dried at room temperature and 
stored in a desiccator.
Table 1
Batch specifications for floating microspheres.
Code Drug: polymer (mg) Speed Solvent ratio  (DCM: ethanol, mL)

FS-1 1:1   900 1:1
FS-2 1:2   900 1:1
FS-3 1:3   900 1:1
FS-4 1:4   900 1:1
FS-5 1:5   900 1:1
FS-6 1:3 1 000 1:1
FS-7 1:3 1 200 1:1
FS-8 1:3 1 300 1:1
FS-9 1:3   900 1:3
FS-10 1:3   900 3:1

Figure 1. Method of injection of volatile phase into PVA solution.
2.2. Characterization of floating microspheres

2.2.1. Morphology
   The morphology of microspheres was studied by scanning 
electron microscopy (SEM). The samples for SEM were prepared 
by sprinkling the microspheres on a both side adhesive tape 
stuck to a stub. Gold palladium coating on the prepared stub 
was done by using sputter coater (POLARON model SC-76430). 
The thickness of coating was 200 Å. The coated stubs were 
randomly scanned under electron microscope (LEO-430, UK). 
The photomicrograph of prepared microspheres are presented 
in Figure 2.
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2.2.2. Particle size analysis
   The size of microspheres was determined by using an 
optical microscope (Magnus MLX-DX, Olympus, India) fitted 
with an ocular micrometer and a stage micrometer. The mean 
particle size was calculated by measuring 200-300 particles.

2.2.3. Micromeritic properties
   The prepared microspheres were characterized for their 
micromeritic properties such as true density, tapped density 
and % compressibility index. The tapping method was used to 
calculate tapped densities and % compressibility index using 
following equations[28]:
 
Tapped density =

Mass of microspheres

Volume of microspheres after tapping
Compressibility index (%) =(1-V/VO)×100
   Where V and Vo are the volumes of the samples after and 
before the standard tapping respectively.
   True density of floating microspheres was determined by 
immersing the microparticles in 0.02% Tween 80 solution 
for three days in a metal mesh basket. The microparticles 
that were sunk after the process were used for density 
measurement as carried out by the displacement method[29].

2.2.4. Angle of repose
   Flow characteristic such as angle of repose (θ) of the 
microspheres, which measures the resistance to particle 
flow, was determined by fixed funnel method using following 
equation[28]:

Tan θ= h
  r

   Where, h is the height of pile, r is the radius of the base of 
pile on the graph paper.

2.2.5. Yield of microspheres
   The prepared microspheres were collected and weighed. 
The actual weight of obtained microspheres divided by the 
total amount of all drug and polymer solid material that was 
used for the preparation of the microspheres[30]:

Yield (%) = ×100   Actual weight of the product
Total weight of the excipients and drug

2.2.6. Incorporation efficiency
   To determine the incorporation efficiency 50 mg 
microspheres were taken and dissolved in 25 mL of methanol. 
The solution was filtered to separate shell fragments. The 
estimation of drug was carried out at the λmax of 264 nm 
by using a UV double-beam spectrophotometer (Shimadzu 
UV-1 800 series). The incorporation efficiency was calculated 
using following equation[30]:

Incorporation efficiency= ×100   
Calculated drug content
Theoretical drug content

2.2.7. In-vitro floating ability
   Floating microspheres (50 mg) were placed in 100 mL 
beaker. A total of 10 mL of 0.1 mol/L HCl containing 0.02% 
Tween 20 was added to that. The beaker was shaken 
horizontally in a water bath at (37.0依0.1) °C. Floated particles 
were collected after 20 h and dried in a desiccator till 
constant weight. This process was applied to all the batches. 
Floating microspheres are shown in Figure 3. The percentage 
of floating microspheres was calculated using following 
equation[30]:
Floating ability (%) = ×100   

Weight of floating microspheres
Initial weight of microspheres

Figure 3. Floating microspheres.

 
Floating microspheres

Figure 2. Scanning electron micrograph of floating microsphere.     
A: Photo micrograph showing population of batch FS-3; B: Photo micrograph showing a floating cavity and porous surface in microsphere of batch FS-5.

Photo No=197 Photo No=460838 µm 10 µm Mag= 432伊    BSIPMag= 500伊 BSIP
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2.3. In-vitro drug release

   In-vitro drug release studies were performed in 
0.1 mol/L HCl (pH 1.2) for floating microspheres. The drug 
release rate of the floating microspheres was determined 
in 900 mL 0.1 mol/L HCl at 100 r/min by using USP XXIII 
dissolution apparatus (paddle type). A weighed amount 
of floating microspheres equivalent to 50 mg drug was 
placed in a non-reacting muslin cloth having a smaller 
mesh size than the microspheres. The mesh was tied with 
a nylon thread to avoid the escape of any microspheres 
and a glass bead was placed in the mesh to induce 
sinking of microspheres in the dissolution medium[31]. 
The temperature of dissolution medium was maintained at 
(37.0依0.5) °C.
   At specified time intervals, 5 mL aliquots were 
withdrawn, filtered, diluted with the same medium and 
assayed at 264 nm for famotidine using a UV double-beam 
spectrophotometer (Shimadzu UV-1 700 series). Samples 
withdrawn were replaced with equal volume of the same 
dissolution medium. All the experiments as specified 
above were conducted in triplicate.

2.4. Kinetics of drug release 

   The zero-order rate (equation 1) describes systems where 
drug release is independent of its concentration and this 
is applicable to the dosage forms like transdermal system, 
coated forms, osmotic system as well as matrix tablets with 
low soluble drugs. The first-order equation (equation 2) 
describes systems in which the release is dependent on its 
concentration (generally seen for water-soluble drugs in 
porous matrix). The Higuchi model describes the release of 
the drug from an insoluble matrix to be linearly related to 
the square root of time and is based on Fickian diffusion 
(equation 3). The Hixson-Crowell cube root law (equation 
4) describes the release of drug from systems where it 
depends on the change in surface area and diameter of the 
particles or tablets with time and mainly applies in the 
case of systems that dissolute or erode over time. In order 
to authenticate the release model, dissolution data can 
further be analyzed by Peppas and Korsmeyer equation 
(equation 5). 
   Qt=kn t                                (equation 1)
   ln Qt=ln Qo-k1 t                   (equation 2)
   Qt=kHC t1/2                            (equation 3)
   Qo

1/3-Q1/3=kHC t                     (equation 4)
   Mt/M∞=k tn                          (equation 5)
   Where Qt is the amount of drug released at time t; Q0 is 
the initial amount of the drug in the formulation; k0, k1, kH, 
and kHC are release rate constants for zero-order, first-
order, Higuchi model and Hixson-Crowell rate equations. 
In equation 5, Mt is the amount of drug released at time t, 
and M∞ is the amount of drug released at time ∞; k is the 
kinetic constant, and n is the diffusion coefficient[32].
   The release data of various formulations were fitted 
in various models to ascertain the mechanism of drug 
release.

2.5. Preparation of dosage form for radiographic study

   The optimized formulations which showed good in-
vitro buoyancy and sustained release behavior were finally 
selected for radiography study. The drug in all selected 
formulations was replaced with the same amount of barium 
sulphate while all other ingredients were kept constant. These 
formulations were analyzed for their physical properties. The 
analysis confirmed that the developed dosage forms were 
similar to those containing drug.

2.5.1. Radiographic studies 
   The experimental protocol to carry out in-vivo radiographic 
studies were reviewed and approved by the Institutional 
Animals Ethical Committee of Institute of Pharmacy, 
Bundelkhand University, Jhansi, India (Registration No. BU/
Pharm/IAEC/10/031). The in-vivo radiographic studies were 
conducted in young and healthy male albino rabbits weighing 
2.0 kg to 2.2 kg. The animals were kept under standard 
laboratory conditions [temperature (25依2) °C]. Rabbits were 
kept for one week in animal house to acclimatize them and 
were fed a fixed standard diet. The 4 healthy male albino 
rabbits were used to monitor the in-vivo transit behavior of 
the prepared floating microspheres. None of the animal had 
symptoms or past history of gastro-intestinal disease. In order 
to standardize the conditions of gastrointestinal motility, the 
animals were fasted for 12 h prior to the commencement of 
each experiment. In each experiment, the first radiographic 
image of the animal subjects was taken to ensure the absence 
of radio-opaque material in the gastrointestinal tract. One of 
each dosage form (capsule containing microspheres) prepared 
for radiography was orally administered to rabbits with 
sufficient amount of water. During the study the rabbits were 
not allowed to eat, but water available with ad libitum[33,34].
   For radiographic imaging, the legs of the rabbit were tied 
over a piece of plywood (20 inch×20 inch), and location of 
the formulation in the stomach was monitored by keeping 
the subjects in front of X-ray machine (Allengers, Bharat 
Electricals, India, model No. E-080743). The distance 
between the source of X-rays and the object was kept same 
during the imaging process. Gastric radiography was done 
at the intervals of 0 h, 1 h, 3 h, 5 h and 6 h. In between the 
radiographic imaging, the animals were freed and allowed to 
move and carry out normal activities but were not allowed to 
take any food.
 

3. Results 

   The formulations of famotidine loaded floating microspheres 
were developed by modified solvent evaporation method. In 
this method, the drug-polymeric suspension was introduced 
into stirring 0.25% w/v solution of PVA from bottom side to 
reduce the aggregation of polymer on the top of PVA. This 
technique produced more spherical microspheres and good 
yield of product could be achieved.
   The formulation mechanism of polymeric floating 
microspheres is well documented in the literature (Figure 4). 
The polymer and drug were dissolved in solvent mixture such 
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as dichloromethane and ethanol. The polymeric mixture at 
different ratio were dissolved in a volatile solvent (ethanol, 
dichloromethane combined) as given in Table 1. This 
polymeric drug solution was poured in 0.25% w/v solution of 
PVA. Thus, an O/W emulsion was formed. The ethanol present 
in oil droplet diffuse, to water thus polymer and drug mixture 
solidified on dichloromethane droplet. Now the temperature 
was raised up to 45 °C-50 °C. After evaporation of solvent, 
microspheres were collected by filtration, washed with water, 
and dried at room temperature. As a result, hollow cavity 
within microspheres was formed.

Figure 4. Mechanism of formation of floating microspheres.
ETN: Erythrityl tetranitrate; DCM: Methylene chloride.
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   SEM photo micrograph confirmed that prepared 
microspheres were spherical with smooth perforated surface 
(Figure 2). The formation of perforation may be attributed 
to evaporation of alcohol form embryonic microspheres. 
The prepared microspheres were found to be spherical 
in shape with smooth perforated surface as indicated by 
photomicrographs. Floating cavities could also be observed 
on some micrographs.
   The mean particle size of the floating microspheres was 
found to be ranging from (52.18依1.82) µm to (91.64依5.16) µm. 
It was observed that, on increasing the polymer amount, 
the average particle size increased. This may be due to 
diminished shearing efficiency at higher concentration of 
the polymer (higher viscosity). It was also observed that on 
increasing the volume of DCM, average particle size was found 
to be increased (Table 2).
Table 2
Micromeritic properties of floating microspheres.
Formulation 

code

Mean particle 

sizea  (µm)

Bulk densityb  

(g/cm3)

Tapped densityb

(g/cm3)

Compressibility 

indexb

Angle of 

reposeb

FS-1 52.18依182 0.185依0.070 0.165依0.120 25.07依1.23 32.56依0.85

FS-2 60.32依3.01 0.166依0.030 0.154依0.340 28.31依4.65 20.89依0.38

FS-3 77.75依6.84 0.160依0.090 0.145依0.070 34.21依4.01 21.16依1.10

FS-4 82.24依7.94 0.151依0.080 0.131依0.090 41.01依2.25 23.04依0.42

FS-5 91.64依5.16 0.145依0.040 0.124依0.060 49.31依0.36 24.01依0.94

FS-6 78.02依2.67 0.155依0.060 0.149依0.130 35.94依1.45 25.00依0.71

FS-7 71.31依0.89 0.169依0.040 0.175依0.640 29.02依2.64 29.74依1.48

FS-8 63.94依4.23 0.188依0.040 0.191依0.010 21.14依6.02 30.07依0.58

FS-9 56.30依0.78 0.195依0.300 0.199依0.070 19.84依0.08 19.31依0.89

FS-10 85.18依6.54 0.175依0.020 0.188依0.610 32.01依1.34 32.70依2.95

a: Mean依SD, n=200-300; b: Mean依SD, n=3.

   The measured tapped density was found to be in the range 
of (0.124依0.06) g/cm3to (0.199依0.070) g/cm3. Compressibility 
index ranged from (19.84依0.08) to (49.31依0.36) (Table 2).
   The angle of repose was found to be in the range of (19.31
依0.89) to (32.56依0.85). All the batches showed good flow 
properties except bathes FS-1 and FS-8 which exhibited 
higher angle of repose (Table 2).
   The yield was found to be ranging from (69.74依1.35)% to 
(95.11依0.35)%. The drug entrapment/incorporation efficiency 
of microspheres was found to be satisfactory (55.75依2.94)% to 
(75.35依1.96)% (Table 3).

Table 3
Various formulation parameters of floating microspheres.
Formulation code  Yielda (%) Incorporation efficiencya Buoyancy %a

FS-1 69.74依1.35 55.75依2.94 68.84依2.15

FS-2 78.94依2.65 57.35依1.75 73.16依1.76.
FS-3 81.75依0.45 60.70依2.94 86.46依1.64

FS-4 88.94依1.75 62.94依2.67 88.64依2.99

FS-5 95.11依0.35 65.74依2.94 95.81依2.46

FS-6 78.45依2.31 68.94依1.75 83.46依2.81

FS-7 79.44依2.03 70.88依3.16 75.11依2.41

FS-8 81.91依1.66 75.35依1.96 79.78依2.38

FS-9 70.46依1.74 57.68依1.09 61.64依2.67

FS-10 73.45依1.81 59.64依2.97 96.15依2.46

a: Mean依SD, n=3.
   All floating microspheres showed good floating ability/ 
buoyancy (61.64依2.67)% to (95.81依2.46)% up to 20 h. This could 
be attributed to insolubility of used polymers in the gastric 
fluid. It was observed that the floating ability increased with 
increasing average particle size (Table 3).
   It was also observed that the formulation prepared with 
higher volume of DCM (batch FS-10) showed better floating 
ability as compared to other batches. The reason behind this 
may be the formation of larger air core, which made them 
lesser dense than that of gastric fluid.
   The release of famotidine from the developed floating 
microspheres was studied in 0.1 mol/L HCl (pH 1.2) up to 
20 h. Since the acrylic polymers are insoluble in acidic 
medium, the microspheres retained their integrity during in-
vitro dissolution studies. The cumulative % drug release for 
microspheres was found to be between 85-98% (Figures 5- 7).
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Figure 5. Effect of polymer ratio on release profile of drug in 0.1 mol/L HCl.
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Figure 6. Effect of stirring ratio on release profile of drug in 0.1 mol/L HCl.
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Figure 8. Radiographic images showing the presence of BaSO4 loaded 
floating microspheres in the stomach at different time intervals. Images were 
taken after a: 0 h, b: 1 h, c: 3 h, d: 5 h.

A

B
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   The release profile data of all the developed formulations 
were fitted in kinetic model using PCP Disso software. The 
best model was selected on the basis of goodness of fit the 
values of residual sum of squares (RSS).

   The drug release of batches FS-1, FS-2 and FS-9 showed 
first order drug release and remaining all the batches showed 
Higuchi (Matrix) model (Table 4). 
   The hard gelatin capsule containing BaSO4 loaded floating 
microspheres were clearly visible in stomach after oral 
administration of dosage form. In radiographic image taken 
after 1 hour, all microspheres were found to be scattered in 
stomach. Dense images of microspheres were seen at initial 
hours, but as time passed on the images of microspheres 
became lighter. It may be because of distribution and 
scattering of microspheres within gastrointestinal region. The 
radiographic images indicted that these floating microspheres 
retained successfully in the stomach up-to 6 hours (Figure 8).

4. Discussion

   Novel floating microspheres were successfully prepared 
by solvent evaporation method with modified technique of 
administration of polymeric solution from bottom side, for 
prolonged as well as stomach specific action of famotidine. 
Due to their low densities, this multi particulate drug delivery 
system showed good floating ability.
   It was noted, on increasing the polymer ratio the cumulative 
% drug release decreased gradually. It may be because of 
increased partitioning of drug in polymer (Eudragit S-100). It 
was also observed that the release of famotidine decreased 
significantly (P<0.05) on increasing the amount of polymers.
   Further, a significant increase was found in drug release on 
increasing the stirring rate. It may be because of increased 
surface area of microspheres due to reduced size. 
   On increasing the volume of ethanol in solvent phase 
the release was found to be increased. On the other hand, 
when the volume of DCM was increased, the release of drug 
was found to be decreased. The reason behind this may be 
the size of microspheres which increases on increasing the 
volume of DCM. 
   From in-vitro drug release studies, it can be concluded that 
by changing the ratio of polymer and solvent, drug release 
can be controlled. These floating microspheres containing 
famotidine could be dispensed by filling them in the empty 
capsule shell.
   In-vivo radiographic images were also helpful to locate 
the position of floating micro spheres in gastrointestinal 
tract. And this study also confirmed that the prepared 
maicrospheres were able to retain in stomach for prolonged 

Table 4
Drug release kinetics for different formulations.
Formulation code Zero-order First order Higuchi Hixon-Crowell Peppas and Korsmeyer Best fit model

R RSS k0 R RSS k1 R RSS kH R RSS kHC R RSS k n
FS-1 0.0071 11334 6.7027 0.9740  849 -0.221 0.895 2252 26.44 0.869 3251 -0.044 0.911 1342 33.74 0.410 FO

FS-2 0.3195 10186 6.6340 0.9802  666 -0.213 0.915 1833 26.06 0.894 2778 -0.043 0.923 1222 31.65 0.431 FO

FS-3 0.5710   6305 6.0150 0.9530  928 -0.151 0.959 7460 23.35 0.921 2219 -0.034 0.958   412 28.16 0.430 M

FS-4 0.5170   6190 5.7000 0.9320 1543 -0.118 0.949 8250 22.22 0.849 2685 -0.030 0.942   561 25.90 0.447 M

FS-5 0.6290   4764 5.3800 0.9400 1272 -0.103 0.967 5100 20.85 0.873 2130 -0.0270 0.950   466 22.30 0.482 M

FS-6 0.6530   5245 5.8500 0.9610  799 -0.139 0.973 4830 22.63 0.935 1840 -0.0330 0.966   304 25.97 0.450 M

FS-7 0.5940   6165 6.0500 0.9530  765 -0.158 0.964 6690 23.48 0.933 2025 -0.0350 0.962   366 28.10 0.433 M

FS-8 0.5090   7277 6.2500 0.9610  736 -0.178 0.952 9070 24.35 0.932 2253 -0.0380 0.961   394 30.87 0.409 M

FS-9 0.5340   6990 6.1900 0.9630  800 -0.168 0.955 8610 24.09 0.929 2246 -0.0370 0.958   435 29.68 0.421 FO

FS-10 0.6090   5721 5.8600 0.9590 1000 -0.137 0.964 6430 22.74 0.918 2141 -0.0328 0.955   427 26.26 0.448 M

RSS: Residual sum of squares; K: Release constant; n: Diffusion coefficient; H: Higuchi (Matrix); HC: Hixson-Crowell; FO: First order; M: Matrix.
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