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ABSTRACT
PURPOSE: The present study involves the preparation of floating microspheres (1) of Famotidine with Ethyl cellulose in the different ratio of drug
and polymer. The aimed of Floating microspheres were to achieve an extended retention in the upper GIT (2) which may result in enhanced
absorption & thereby improved bioavailability. Famotidine is a non- imidazole blocker of those histamine blocker that mediate gastric secretion.
METHODS: Microspheres were prepared using solvent evaporation method (3). RESULTS: The average particle size was found to be 59.85µm. The
maximum % yield of the microspheres was found to be 86.05±2.74. Powder had good flow property. In-vitro drug release was satisfactory
presenting sustained release effect and it is showing good floating ability (>12hrs). CONCLUSION: The concept of floating microspheres can be
utilizes the minimized the irritant effect of drug in the stomach by avoiding direct contact with mucosa and increasing gastric residence time (4).
Keywords: Floating microspheres, Famotidine, GIT dosage form.

INTRODUCTION
Drug delivery is the method of process of administrating
pharmaceutical compound to achieve the therapeutic effect in
human beings or animals (5). Despite of the advances in the
inhalable, injectable, transdermal, nasal, and other routes of
administration , we can’t deny the point that oral drug delivery
system remains well ahead as the preferred route of drug delivery.
The oral route is the most convenient route of drug administration
because of ease of administration, patient compliance and flexibility
in formulation, etc. but the limitations of the conventional oral drug
delivery system is that they don’t have control over the drug release
pattern from the dosage form and they may result in the fluctuation
of plasma drug concentration. One of the reasons for its limitation is
the unique GI physiology. In these areas even small improvements in
drug delivery technology can make significant differences in
enhancing patient compliance and drug bioavailability.
Drug delivery technologies modify drug release profile (6),
absorption, distribution for the benefit of improving product efficacy
and safety as well as patient convenience and compliance.
One of the most feasible approaches for achieving a prolonged and
predictable drug delivery profile in the GI tract is to control the
gastric residence time. Dosage forms with a prolonged GRT, i.e.
gastroretentive dosage forms (GRDFs), will provide us with new and
important therapeutic options.
GRDFs not only prolong dosing intervals, but also increase patient
compliance beyond the level of existing controlled release dosage
forms. This application is 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. To address this, oral administration (7-8)
of sparingly soluble drugs is carried out frequently; here we can
increase the transit time of our formulation by formulating gastro
retentive drug delivery system. GRDFs greatly improve the
pharmacotherapy of the stomach through local drug release, leading
to high drug concentrations at the gastric mucosa (eradicating
Helicobacter pylori (9) from the submucosal tissue of the stomach),
making it possible to treat stomach (10-11) and duodenal ulcers,
gastritis and oesophagitis, reduce the risk of gastric carcinoma and
administer non-systemic, controlled release antacid formulations
(calcium carbonate). Drugs reported to be used in the formulation of
floating dosage forms are floating microspheres ( griseofulvin, pnitroaniline, ibuprofen (12), cimetidine (13), piroxicame (14),
metformin Hydrocholoride (15) and repaglinide (16)), floating
granules (diltiazem hydrochloride-Gelucire (17),diclofenac sodium,

indomethacin and prednisolone), films (cinnarizine), floating
capsules (Nicardipine hydrochloride (18), chlordiazepoxide
hydrogen chloride, diazepam, furosemide, misoprostol, L-Dopa,
benserazide, ursodeoxycholic acid and pepstatin) and floating
tablets and pills (acetaminophen, acetylsalicylic acid, ampicillin,
amoxycillin trihydrate, atenolol, diltiazem (19), ranitidine (20),
fluorouracil, isosorbide mononitrate, para-aminobenzoic acid,
piretamide, theophylline and verapimil hydrochloride, etc.).
Excipients used most commonly in these systems include HPMC,
ethyle cellulose, polyacrylate polymers, polyvinyl acetate,
Carbopol®, agar, sodium alginate, calcium chloride, polyethylene
oxide and polycarbonates etc.
MATERIALS AND METHODS
Materials
Famotidine was obtained as gift sample from Sun Pharma, Jammu,
India. Ethyl Cellulose Procured as gift sample from Evonik Degussa
India Pvt. Ltd. Dichloromethane Selected as a solvent and procured
from CDH,New Delhi) Ethanol Selected as a solvent and procured
from CDH, New Delhi. All other chemical were analytical grade.
Preparation of Microspheres
Floating Microspheres were prepared solvent diffusion evaporation
method. Various formulations of microspheres (Table-1) were
prepared using gradually increase EC concentration. In this method
the polymer is dissolved in a definite volume of internal phase
(Ethanol, Dichloromethane and Acetone) and then the drug is also
dissolved in the polymer solution. This drug polymer solution is
then dispersed in an external medium consist of 0.75% aq. Solution
of PVA hot (polyvinyl alcohol) in a 500 ml of beaker. The whole
system was stirred at a 800-1000 rpm using mechanical stirrer
equipped with three blade propellers for 3-4 hrs at 25-40°c to
ensure the evaporation of the solvent. The solvent removal leads to
polymer precipitation at o/w interphase of droplets forming cavity
and thus making them hollow to impart floating property. The
prepared microspheres then filtered off, washed with n- hexane, airdried and stored in a desiccators.
Physicochemical Evaluation of Floating Microspheres
The prepared Microspheres were evaluated for % yield, particle size,
flow property, density (bulk and tapped density), and In- vitro drug
release.
Calculation of % yield
The prepared microspheres were collected and weighed. The ratio
of the actual weight of obtained microspheres and weight of the
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material that was used for the preparation of the microspheres
multiplied by 100 gives the %yield of the microspheres (Equation-1)
% Yield = Actual weight of product obtained X 100 …………… (1)
Total weight of recipient and drug
Particle size analysis
Optical microscopy
The size of microspheres was determined using an optical
microscope magnification 10X (Magnus MLX-DX) fitted with an
ocular micrometer and stage micrometer. At least 200 particles must
be counted to obtain a good size distribution analysis of data.
Morphology
Scanning electron microscopy
Scanning electron microscopy (LEO, 430 surface controlled digital
SEM) was performed to characterize the surface of formed
microspheres. A small amount of microspheres were spread on glass
stub. Gold palladium coating on the prepared stub was carried out
by using sputter coater. Afterwards, the stub containing the sample
was placed in the electron microscope. The scanning electron
photomicrograph was taken at the acceleration voltage of 20 kV,
chamber pressure of 0.6 mm Hg.
Angle of Repose
It is used to determine the flow property of powder. This is
determined by fixed funnel method (21). This is calculated by the
between the surface of a pile of the powder and the horizontal plane
(radius of pile) (Equation-2).
tan θ = h/r …………… (2)
θ = tan-1 (h/r)
Where, h=height of pile
r=radius of the base of the pile.
Tapped density
The prepared micro spheres were weighted, collect, and poured in
to a 5 ml of graduate cylinder. This system was tapped 100 times
and then measured the volume of filled microspheres. Tapped
density was calculated by using the following formula (Equation-3).
Tapped Density = Mass of microspheres X 100 …………… (3)
Volume of microspheres after tapping
% Compressibility index
The prepared microspheres were weighted, collect, and poured in to
a 5 ml of graduate cylinder. This system was tapped 100 times and
then measured the volume of filled microspheres. It is the ratio of
the volume before tapping which was filled in the graduate cylinder
and after tapped volume (Equation-4).
% Compressibility index = 1-V/V0 X 100 …………… (4)
Where V and V0 are the volume of the samples after tapping and
before tapping.
Partition Coefficient
The partition coefficient is defined as the ratio of unionized drug
distributed between the organic and aqueous phase at equilibrium.
For a drug delivery system, Lipophilic/ Hydrophilic balance has
been shown to be contributing factors for rate and extent of drug
absorption. Partition coefficient provides a means of characterizing,
Lipophilic / Hydrophilic nature of drug. The measurement of drug
lipophilicity and indication of its ability to cross the lipoidal cell
membrane is the oil/water partition coefficient in system such as
octanol/water and octanol / buffer.
Partition coefficient of famotidine was determined by using shake
flask method. This relies on the equilibrium distribution of a drug
between an oil and aqueous phase. In this study 10 mg of drug was
taken in a 60 ml vial and then 20 ml of Simulated Gastric Fluid pH

1.2 was added to it and shaked it, then 20 ml of n-octanol was added.
n-octanol layer was less dense than water, so the n-octanol layer
was on the top of the water. The system was then shaked for 30
minutes and then it was left to reach equilibrium for 24 hrs in a
separating funnel. The two phases were then separated. Then the
concentration of drug was measured in each phase of UV
spectroscopy (Shimadzu 1800) at 264 nm. The partition coefficient
was calculated by the following equation (Equation-5).
Po/w = (Corganic / Caqueous) …………… (5)
Buoyancy Percentage
Microspheres 50 mg were spread over the surface of a USP xxiv
dissolution apparatus (type II) filled with 900ml of simulated gastric
fluid containing 0.02% tween 80. This medium was agitated with
paddle rotation speed 100 rpm for 12 hours. After 12 hours the
floated and settled microspheres were collected separately. The
microspheres were dried and weight, than calculate by the following
formula (Equation-6).
Buoyancy percentage = Mass of floating microspheres X 100 …(6)
Total mass of microspheres
Drug Entrapment Efficiency
The 50 mg of prepared microspheres were crushed in a glass mortar
and the powder microspheres were suspended in a 10 ml of
methanol after 24 hours, the solution was filtered and the filtrate
was analyzed after suitable dilutions using UV spectrophotometer
(ShimadzuUV-1800 series) at λmax 227 nm. The amount of drug
entrapped in the microspheres was calculated by the following
formula (Equation-7).
Drug entrapment efficiency = Practical drug content X 100 ……7)
Theory drug content
In-vitro Dissolution Study
The drug release study was performed using USP xxiv dissolution
apparatus at 37°C±0.5°C at 50 rpm using 900 ml of simulated gastric
fluid containing 0.02% tween 80. 100 mg of Microspheres were
taken and tied in muslin cloth and introduced in 900ml of 0.1N HCl
(PH 1.2). Aliquots (5ml) were withdrawn at 1 hrs interval for 12 hrs
and an overnight reading was also taken at 24 hrs. Their volume was
making up to 10 ml with SGF. Sink condition was maintained
throughout the study by replacing with equal amounts of fresh
dissolution medium i.e. SGF. These aliquots were then analyzed
under UV spectrophotometer (Shimadzu 1800) and their
absorbance is recorded. With the help of the absorbance obtained,
the concentration of drug released in particular time is also
calculated and a graph is plotted between time and drug release.
RESULT AND DISCUSSION
Now let us discuss the effect of another variable that is effect of
stirring speed during the formulation on the mean particle size of
the microspheres. Consider the batch formulated using Ethyl
cellulose. The average mean particle size of the microspheres
formulated under the stirring speed of 700 rpm was found to be
74.21±20.96µm whereas those formed under the stirring speed of
1000 rpm was 70.58±17.50 µm. In Figure-1 the graph showed the
significant effect of the ratio of the polymer Ethyl cellulose with drug
on the physical properties of the microspheres such as mean particle
size, % compressibility and angle of repose. The graph is
representing three series of variables, first series denotes the mean
particle size, second series denotes the % compressibility and the
third series is denoting angle of repose. As we increased the polymer
ratio a increased in particle size has been observed and Second
series represents also increasing the % compressibility and third
series angle of repose found to be little increased of the
microspheres on increasing the polymer ratio (Figure-1). The Figure
-2 showed the Comparative Study of Particle Size, Incorporation
Study and Buoyancy. As increased the particle size the incorporated
efficiency has been observed increased this may be due to the
polymer had greater drug loading capacity and poor solubility of
drug in water and when increased the particle size buoyancy had
also increased because poor solubility of polymer in simulated
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gastric fluid and floating tendency also depend on amount of
dichloromethane used during the formulation of floating
microspheres. When greater volume of dichloromethane was used
that formulation showed good buoyancy because of greater volume
of dichloromethane formed the larger air core. when prepared the
floating microspheres with solvent ratio of ethanol,
dichloromethane and acetone, ethanol and acetone present in oil
droplet diffuse to water thus drug and polymer mixture solidified on
dichloromethane droplet, which was core of microspheres so when
increased the temperature more than 500C the dichloromethane was
evaporate and larger air was created in core of microspheres and
due to this air core microspheres showed hollowness.
The maximum percentage yield were found to be 86.05±2.74 (Batch
FE-7) (Table-2A). The range found between 71.51±2.84 (Batch FE-5)
to 85.02±1.25 (Batch FE-6).The mean particle size of the
microspheres significantly increase with increasing polymer
concentration and was in the range of 30.90±12.10µm to
74.21±20.96µm (Table-1). It was observed that, on increasing the
polymer amount the average particle size increased. This may be
due to higher viscosity.
The SEM photograph showed that the floating microspheres were
spherical, smooth and hollow with a perforated smooth rough
surface (Figure-3). The microspheres surface was also found smooth
and shape is roundness (Figure-3, Batch FE-1) .The perforation may
be due to evaporation of dichloromethane from embryonic
microspheres. These images also confirm that rapid evaporation of
dichloromethane causes rapture of microspheres. The tapped and
bulk density was in range between 0.115±0.07 (Batch FE-7) to
0.182±0.07 (Batch FE-1) and 0.099±0.12 (Batch FE-7) to 0.201±0.65
(Batch FE-1) g/cm3 respectively (Table-1). Density is decreases as
polymer size of microspheres is increases. The pellets of KBr and
drug were prepared and examined under spectrum RX1, Perkin
Elmer, FTIR system, UK. The drug sample peak is similar to
reference standard (Figure-4). Compressibility index ranged from
12.33±3.02 (Batch FE-1) to 21.66±1.03 (Batch FE-7) (Table-1). The
percentage compressibility is increases as particle size is increases.
The drug entrapment efficiency was found in the range of
52.28±3.75 (Batch FE-1) 73.03±2.83 (Batch FE-7) (Table-2A).
Maximum drug entrapment efficiency was found 73.03±2.83 (Batch
FE-1) .The cause of good drug entrapment efficiency may be the
insolubility of drug in water. The microspheres were floating for
prolong time (more than 12 hrs.) over the surface of simulated
gastric fluid with 0.02% tween 80 (pH 1.2). Buoyancy percentage of
microspheres was in the range 66.17±3.65 (Batch FE-1) to
80.76±1.46 (Batch FE-7) (Table-2A).It was observed that floating
ability increased with increasing average particle size.
In-vitro Famotidine release study was performed in simulated
gastric fluid (pH 1.2) with 0.02% tween 80 for 24 hours (Graph-1).
The cumulative release of Famotidine significantly decreases with
increasing polymer concentration. The cause of low drug release in
the acidic medium was the weak acid is nature of drug and it will
remain unionized in the same medium. No significant increase in
cumulative drug release was observed on increasing the ratio of
polymer ethyl cellulose. Solvent ratio was not affected (ethanol:
dichloromethane: acetone) on cumulative drug release profile in
simulated gastric fluid pH 1.2 (Graph-2). All release kinetics model
were applied on all seven formulation. The best fit model was found
to be Higuchi for all formulation. The best model was based on
residual sum of squares. If the release of drug from the matrix, when

plotted against square root of time, shows a straight line, having
highest R value and lowest Residual Sum of Square (RSS), it
indicates that the release pattern is obeying Higuchi's kinetics
(Equation-8). Where Qt is the amount of drug released at time t; in
the formulation; kH, is release rate constants for, Higuchi model rate
equations.
Qt = kH t1/2 …………… (8)
In-vivo Study
Two groups containing three animals in each group were used for
performing the experiment. New-Zealand white rabbit species for
performing this study weighing 2.0-2.5 kg. Animals were kept
fasting for overnight. Water was given during fasting and
throughout experiment. Microspheres were swallowed easily
without any difficulties. The procedures employed in this study were
approved by Institutional Ethical Committee, Bundelkhand
University, Jhansi UP, India by using Registration No:
BU/Pharm/IAEC/10/031.
One group was fed with pure drug (Famotidine) at a dose of 10 mg/
kg, other groups were fed with prepared floating microspheres of
100 mg, which is equivalent to 10 mg/ kg of drug (FE-1 having the
drug polymer ratio 1:1). One animal of each group was kept as
control.
Blood samples (3ml) were collected from marginal ear vein of
control animals using heparin into centrifuge tubes. Blood sample
was centrifuged at 2000rpm and plasma separated. In 1 ml. plasma
sample added 4 ml of acetonitrile, now the tubes were centrifuged at
3000 rpm in ultracentrifuges for 10 minute. 2ml of the supernanent
was pipette out to which 0.3 ml of 1.47M percloric acid was added
and the concentration was determined by UV spectrophotometer
(Shimadzu-1800) at 260nm. The same method was followed in all
cases at an interval of 1, 2, 4, 6, 8, 10, 12, 18 and 24th hr during
study.
The graph - 3 showing the blood plasma concentration of the drug vs
time for the Pure drug (famotidine) and batch FE-1 of floating
microspheres. The maximum plasma drug concentration was found
at the fourth hour and then the rapidly decreases drug concentration
of the pure drug. While in case of floating microspheres (FE-1) the
maximum plasma drug concentration was found at 8th hour and
showily decreased the concentration as showed controlled release
profile (Table-3). The controlled effect was observed for a longer
period of time in the case of floating microspheres due to the slow
release and extended absorption. This sustained release formulation
was more effective than the immediate release famotidine
suspension.
Table 1: Batch Specification of the Prepared Microspheres
Formulation
Code
FE-1
FE-2
FE-3
FE-4
FE-5
FE-6
FE-7

Drug : Polymer
(in mg.)
1:1
1:2
1:3
1:4
1:5
1:6
1:7

Speed
800
800
800
900
1000
700
700

Solvent Ratio (ml.)
(ETN: DCM: ACT)
1:1:1
1:1:2
1:2:2
2:2:2
2:1:1
2:2:1
1:1:1

ETN: ethanol, DCM, Dichloromethane, ACT: Acetone

Table 2: Micromeritics Properties of Optimized Formulation
Formulation
Code
FE-1
FE-2
FE-3
FE-4
FE-5
FE-6
FE-7

Mean Particle
Size*
30.90±12.10
41.30±14.16
57.57±19.18
67.69±18.53
70.58±17.50
73.21±21.62
74.21±20.96

Bulk
Density*
0.201±0.65
0.185±0.18
0.165±0.45
0.150±0.26
0.135±0.09
0.120±0.47
0.099±0.12

Tapped
Density*
0.182±0.07
0.165±0.09
0.141±0.18
0.130±0.05
0.129±0.11
0.120±0.09
0.115±0.07

Compressibility
Index*
12.33±3.02
14.65±3.25
16.03±2.18
17.33±1.15
19.00±2.25
20.36±2.23
21.66±1.03

*Mean±SD, n=3
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Table 2A: Others Properties of Microspheres
Formulation
Code
FE-1
FE-2
FE-3
FE-4
FE-5
FE-6
FE-7

Angle of Repose*

% age Yield*

14.23±0.89
18.89±1.23
22.78±2.45
25.7± 0.85
28.65±1.45
29.45±0.12
31.45±2.87

72.03±2.10
74.26±2.80
76.11±1.45
78.31±0.68
71.51±2.84
85.02±1.25
86.05±2.74

Incorporation
Efficiency*
52.28±3.75
54.23±3.05
59.67±2.39
64.26±1.51
69.08±3.61
72.51±0.88
73.03±2.83

Buoyancy % age*
66.17±3.65
68.20±0.71
71.64±0.18
73.34±1.43
76.84±1.85
79.94±3.85
80.76±1.46

*Mean±SD, n=3
Table 3: In-vivo comparative study of Famotidine and floating microspheres (Batch FE-1)
S. No.

Time (hour)

1
2
3
4
5
6
7
8
9
10

0
1
2
4
6
8
10
12
18
24

Plasma Drug Concentration (µg/ml)
Pure Drug
Floating Microspheres
(Famotidine)
(Batch FE-1)
00.00
00.00
05.87
06.37
08.29
08.41
16.37
09.18
09.94
11.28
05.72
12.67
11.84
10.26
09.63
08.67

Fig. 1: Effect of Polymer Ratio on Micrometrics properties

Fig. 2: Comparative Study of Particle Size, Incorporation Study and Buoyancy
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(a)

(b)

Fig. 3: (a) showed the single microsphere with spherical smooth surface (b) it was showed the Hollowness and rough surface of
microsphere.

(a) IR Spectra of Famotidine

(b) IR Spectra of Ethyl cellulose

Fig. 4: FTIR Spectra of Drug Famotidine and Polymer Ethyl Cellulose

Graph 1: Release Profile of Different Floating Formulation
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Graph 2: Effect of stirring Rate and Solvent Ratio on Drug Release

Graph 3: In-vivo comparative study of Famotidine and floating microspheres (Batch FE-1)

CONCLUSION
Drug sample gives almost straight line for graph between
concentration vs absorption in methanol and buffer, which fallows
Beer's law; it indicates that drug sample was pure. The yield of
microballoons was good. Microspheres showed good floating for
more than 12 hours. SEM confirmed their spherical size, perforated
smooth surface and a hollow cavity in them hours. In-vitro drug
studies were performed in Simulated Gastric Fluid (pH 1.2).
Different drug release kinetics models were applied for selected
batches. It was concluded that for kinetic drug release Hugichi was
the best fit model.
The hollow floating microspheres were prepared by solvent
evaporation diffusion method. The floating microspheres are free
flowing powder having particle size less than 100µm. different
batches have been prepared on which the effect of different
variables has been studied. The mean particle size of the
microspheres has been obtained by optical microscopy. In the
batches, mean particle size of the microspheres found to increase on
increasing the drug polymer ratio. When we have decreased the

volume of internal phase, there is significant increase in the mean
particle size of the microspheres. We have also concluded that on
increasing the stirring rate during the formulation, the particle sizes
have decreased. Tapped density refers to the bulk density of the
powder after a specified compaction process. Tapped density is
determined because bulk density is not an intrinsic property of the
material as it can be changed depending how material is handled.
After studying the effect of such variables on the physical
characteristics of the microspheres, we can optimize the processing
parameters to design required characteristics in our formulation
and since it is known that physical characteristics of the dosage form
effect the pharmacokinetic properties of the drug, so, this approach
may play a role in designing a formulation with desirable
pharmacokinetic patterns.
ACKNOWLEDGMENT
Authors are thankful to We are thankful Sun Pharma, Pvt. Ltd.
Jammu, India for providing generous gift of Famotidine and Birbal
Shahni Institute of Paleobotany, Lucknow, UP, India for providing
Scanning Electron Facility (SEM) within the time limit.
381

Gupta et al.
Int J Pharm Pharm Sci, Vol 4, Suppl 5, 376-382
REFERENCES
1.

Shrivatva A. K., Floating microspheres of cimetidine:
Formulation, characterization and in vitro evaluation. Acta
Pharm. 2005, 55, 277-285.
2. Illum L., Ping H., Gastroretentive controlled release
microspheres for improved drug delivery. US patent 6, 2001,
207, 197. March 27.
3. Kawashima Y., Niwa T., Takeuchi H., Hino T., Ito Y., Preparation
of multiple unit hollow microspheres (microballoons) with
acrylic resins containing tranilast and their drug release
characteristics (in vivo). J Control Release. 1991,16, 279-290.
4. Spickett R.G.W., Vidal J.L.F., Escoi J.C., Antacid preparation
having prolonged gastric residence. US patent 5, 1993, 288,506.
February 22.
5. Sato Y., Kawashima Y., In-vitro, and in-vivo evaluation
ofriboflavin containing microballoons for a floating controlled
drug delivery system in healthy human volunteers. J Control
Release.2003, 93, 39-47.
6. Streubel A., Siepmann J., Bodmeier R., Floating matrix tablets
based on low density foam powder: effect of formulation and
processing parameters on drug release. Eur J Pharm Sci.
2003,18, 37-45.
7. John B.S., Controlled Delivery Oral Dosage Forms in the New
Millenium, Sales@nutraceutics.com.
8. Thanoo BC, Sunny MC, Jayakrishnan A. Oral sustained release
drug delivery systems using polycarbonate microspheres
capable of floatingon the gastric fluids. J Pharm Pharmacol.
1993, 45, 21-24.
9. Yang L, Esharghi J, Fassihi R. A new intra gastric delivery
system for the treatment of helicobacter pylori associated
gastric ulcers: in vitro evaluation. J Control Release. 1999,
57,215-222.
10. Wilson C.G., Washington N., The stomach: its role in oral drug
delivery. In: Rubinstein M.H., edition. Physiological

11.
12.

13.

14.

15.

16.
17.

18.

19.

20.
21.

Pharmacetical: Biological Barriers to Drug Absorption.
Chichester, UK. Ellis Horwood. 1989, 47-70.
Jain N.K., Controlled, and Novel Drug Delivery. C.B.S.
Publication. 1, 236-255 (1997).
Kawashima Y, Niwa T, Takeuchi H, Hino T, Ito Y. Hollow
microspheres for use as floating controlled drug delivery
system in stomach. J Pharm Sci. 1992, 81,135-140.
Shrivatva Anand K. floating microspheres of cimetidine:
Formulation, characterization and in vitro evaluation.Acta
Pharm. 2005, 55, 277-285.
Jayakrishnan A., Floating type oral dosage form for piroxicame
based on hollow polycarbonate microspheres: In vitro and in
vivo evaluation in rabbit. J cont. rel. 2002, 79, 71-79.
Ray S. In vitro evaluation and optimization of controlled
release drug delivery system of Metformin Hydrochloride.
DARU. 2006, 14, 2.
Jain S. K., A novel calcium silicate based microspheres of
repaglinid: In vivo investigations. J Control Rel. 2006, 113, 111116.
Shimpi S, Chauhan B, Mahadik KR, Paradkar A. Preparation,
and evaluation of diltiazem hydrochloride-Gelucire 43/01
floating granules prepared by melt granulation. AAPS Pharm
Sci. Tech. 2004, 5, E43.
Moursy NM, Afifi NN, Ghorab DM, El-Saharty Y. Formulation,
and evaluation of sustained release floating capsules of
Nicardipine hydrochloride. Pharmazie. 2003,58,38-43.
Gu TH, Chen SX, Zhu JB, Song DJ, Guo JZ, Hou JM.
Pharmacokinetics and pharmacodynamics of diltiazem floating
tablets [in Chinese] Chung Kao Yao Li Hsuesh Pao. 1992,
13,527-531.
Patel V. F. studies on formulation and evaluation of Ranitidine
Floating Tablets. Indian J. Pharm. Sci. 2005, 67, 6, 703-709.
Solanki A, Parikh R. Preparation, Characterization, optimization,
angle of repose and stability studies of Aceclofenac Proniosomes,
Iranian J. Phar Res. 2008, 7, 4,237-246.

382

