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ABSTRACT
The aim of the present investigation was to develop and evaluate gastroretentive drug delivery tablets (GRDDTs)
of ofloxacin using different polymers such as HPMC K4M, HPMC K15M, Polyethylene oxide WSR 303, Carbopol
971P, Xanthan Gum in different ratios for local action in gastric region to eradicate Helicobacter pylori infection.
The GRDDTs were prepared by wet granulation method and evaluated for physical characteristics such as
hardness, thickness, friability, drug content and floating properties. The optimized formula F4 showed better
sustained drug release and which also had good floating properties and fitted best to be Korsmeyer-Peppas
model with R2 value of 0.9848. As the n value for the Korsmeyer- Peppas model was found be less than 0.45 it
follows Fickian diffusion mechanism. FT-IR result showed that there is no drug excipient interaction. In vivo
radiographic studies were conducted with BaSO4 loaded tablets to examine the increased gastric residence time
of the prepared tablets. The study revealed that the tablet remained in the stomach for 300±10min which
indicates the increase in the gastric residence time for the effective localized action of the ofloxacin in the
treatment of Helicobacter pylori caused peptic ulcer.
Key words: Ofloxacin, Helicobacter pylori, gastric residence time, gastroretentive drug delivery system.

to the stomach and small intestine (Ali et al.,
2005). In case of many drugs which are released
in the stomach have the greatest therapeutic
effect while their release is prolonged in a
continuous and controlled manner. This type of
drug delivery system will have relatively less
side effect and removes the need of repeated
dosages (Hwang et al., 1998).

INTRODUCTION
Over the past three decades the oral controlled
release dosage forms have been developed due
to their significant advantages such as patient
compliance, ease of administration and
flexibility in formulation. There are several
difficulties in this approach such as inability to
restrain and locate the controlled drug delivery
system within the desired region of gastro
intestinal tract due to gastric motility and gastric
emptying which leads to reduced efficacy of the
administered dosage (Rouge et al., 1996). To
overcome these problems oral controlled dosage
form with gastro retentive properties were
developed (Streubel et al., 2006). Gastroretentive
dosage forms are suitable for local drug delivery

Various approaches are available to increase
gastric residence time of oral dosage form in the
stomach which includes floating systems
(Deshpande et al., 1997), swelling and expanding
systems (Urquhart and Theeuwes., 1984),
bioadhesive systems (Alvisi et al., 1996),
modified shape systems (Cargill et al., 1988),
high
density systems
(Bechgaard
and
Ladefoged., 1978) and other delayed gastric
emptying devices (Groning and Heun., 1989;
Groning and Heun., 1984). The buoyant
preparation increases gastric residence time of
dosage form and also gives sustain release (Sing
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and Kim., 2000). Based on the mechanism of
buoyancy, two types of technologies are
developed in the floating systems. They are non
effervescent and effervescent systems. Non
effervescent systems prepared by using polyacrylate,
polycarbonate,
polystyrene
as
excipients swells unrestrained via inhibition of
gastric fluid to an extent which will prevent
their exit from stomach (Garg and Gupta., 2008).
Effervescent system utilizes matrices prepared
by using swellable polymers like methocel,
polysaccharides and effervescent compounds
like sodium bicarbonate, citric acid or tartaric
acid (Rubinstein and Friend., 1994).

retaining abilities but floating abilities were
found to be poor. Finally, floating tablets were
formulated with HPMC K4M and HPC.
Gambhire et al., (2007) formulated a floating
drug delivery system of diltiazem hydrochloride
using polymers such as hydroxypropyl methyl
cellulose K100M CR and compritol 888 ATO,
alone and in combination. They have
investigated the effect of sodium bicarbonate
and succinic acid on drug release. The high level
of both methocel K100M CR and compritol 888
ATO favored the preparation of floating
controlled release of diltiazem tablets. They
have observed that incorporation of succinic
acid in the formulation nullified the effect of the
acidic dissolution media on the drug release in
that formulation, methocel K100M CR retards
the release by diffusion mechanism and
compritol 888 ATO decreases the hydration of
matrix and retards the release by erosion
mechanism owing to its hydrophobic property.
Together, these polymers retard the release of
drug using different mechanisms. Mahesh et al.,
(2006) reported Novel sustained release,
swellable and bioadhesive gastro retentive drug
delivery system for ofloxacin. Mahesh et al.,
(2005) proposed a new strategy for the
development of gastroretentive dosage forms
for ofloxacin preferably once daily. The design
of the delivery system was based on the
sustained release formulation, with floating and
swelling features in order to prolong the gastric
retention time of the drug delivery systems.
They tried different polymers, such as psyllium
husk, HPMC K100M, crospovidone and its
combinations in order to get the desired
sustained release profile over a period of 24
hours. They found that in vitro drug release rate
increased
with
increasing
amount
of
crospovidone due to the increased water uptake,
and hence increased driving force for drug
release.

Drugs suitable for floating drug delivery system
includes drugs with narrow absorption window
in GI tract, drugs which are mostly absorbed
from stomach and upper part of GIT, drugs that
act locally in the stomach, drugs that degrades
in the colon, drugs which have poor solubility at
alkaline pH. Several factors influence the gastric
retention time of dosage forms such as density,
size, shape, single or multiple unit formulation
(Coupe et al. 1991), nature of meal, caloric
content, frequency of feed (Mazer et al.,1998;
Agyilirah et al., 1991; Sangekar et al., 1987;
Muller-Lissner et al., 1981; Oth et al., 1992; Moore
et al., 1984; Mojaverian et al., 1985), gender, age,
posture (Mojaverian et al., 1988).
Ofloxacin is a flouroquinolone, broad spectrum
antibiotic, rapidly well absorbed from the
gastrointestinal tract. Half life of ofloxacin is 9
hours and is used in the treatment of gentio
urinary, respiratory, gastrointestinal, skin and
soft tissue infections. Boldhane and Kuchekar.,
(2009) developed a gastroretentive drug delivery
systems of metformin hydrochloride. Their
study has shown that the metformin gastroretentive tablets prepared using sodium alginate
and sodium carboxy methylcellulose can
successfully be employed as a once a day oral
controlled release drug delivery system.
Jagadale et al., (2009) developed a gastroretentive drug delivery system of propranolol
hydrochloride. Their investigation indicated that
the tablets formulated using HPC, sodium
alginate, HPMC E15 LV failed to produce matrix
of required strength, while formulation
containing xanthan gum showed good drug

MATERIALS AND METHODS
Ofloxacin was a generous gift sample from
Ranbaxy Laboratories Ltd, Gurgaon New Delhi,
India. Polyethylene oxide WSR 303 was gift
sample from Ra Chem Pharma Ltd, Hyderabad,
India. Hydroxy propyl methyl cellulose (HPMC
K4M and HPMC K100M), Carbopol 971P,
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xanthan gum and Avicel 112 were gifted by
Orchid Health Care Pvt Ltd, Chennai, India. All
other chemicals used were of analytical grade.

dissolution vessel. 5ml of sample were
withdrawn at predetermined time intervals of
0.5, 1, 2, 3, 4, 6, 8, 10 and 12 hours. The volume
of dissolution fluid was adjusted to 900 ml by
replacing 5ml of fresh dissolution medium after
each sampling. The release studies were
performed in triplicate, and the mean values
were plotted versus time. Each sample was
analyzed at 293nm using double beam UV Visible Spectrophotometer against reagent
blank.

Preparation Method of Ofloxacin Floating
Tablets
Drug, polymer and sodium bicarbonate were
weighed and passed through sieve with mesh
#40 and were mixed homogeneously in a polybag for about 5-10 mins and was taken in a
mortar. 5% PVP K30 in isopropyl alcohol was
used as granulating agent. The wet mass was
passed through mesh #14 and dried in hot air
oven at 50°C for 30 mins. and dried granules
were sieved through mesh #16. Finally well
formed granules were lubricated with magnesium stearate and talc. Formulation compositions of all batches were shown in Table 1.

Drug release kinetics
Various models were tested for explaining the
kinetics of drug release. To analyze the
mechanism of the drug release rate kinetics of
the dosage form, the obtained data were fitted
into zero-order (Donbrow et al., 1980), first order
(Merchant et al., 2006), Higuchi (Higuchi T.,
1963) and Korsmeyer-Peppas (Korsmeyer et al.,
1983) release model.

Evaluation of Floating Tablets
The prepared floating tablets were evaluated for
hardness, thickness and friability which were
measured by a hardness tester (Monsanto,
Germany), vernier calipers (Mitutoyo Corporation, Japan) and friability test apparatus
(Campbell
Electronics
friabilator,
India)
respectively. The drug content in each
formulation was determined by triturating ten
tablets in a mortar and amount equivalent to
one average tablet was accurately weighed and
dissolved in 100ml 0.1 N HCl taken in a 250 ml
volumetric flask. The flask was kept on
mechanical shaker for overnight, later was
filtered through a filter paper and the first few
ml were discarded. The filtrate was sufficiently
diluted and the absorbance was recorded
against the blank at 293 nm using UV- Visible
spectrophotometer.

Fourier Transform Infrared Spectroscopy
Studies
Fourier transform infrared spectra of the
ofloxacin pure drug, polymer, physical mixture
of drug and excipients and placebo were
obtained using Fourier Transform Infrared
Spectrophotometer (Bruker Model: Alpha-T,
Ettlingen, Germany). Samples were prepared
using KBr disks by means of hydraulic pellet
press at a pressure of 7-10 tons. The samples
were scanned from 4000 to 400cm-1.
In vivo confirmation of buoyancy by using
radiographic studies
For this study the tablets of optimized batch (F4)
were prepared by replacing half of the amount
of drug with barium sulfate. After overnight
fasting of three healthy volunteers they were fed
with low calorie food and allowed to take water
after these tablets were administered orally.
Radiographs were obtained at predetermined
time intervals (1hr., 2hrs., 3 hrs. and 5hrs.). The
Institutional
Human
Ethical
Committee
approved the protocol for this study.

In vitro buoyancy studies
The in vitro buoyancy was determined by
floating lag time and floating duration in a 100
ml glass beaker containing 0.1N HCl.
In vitro drug release studies
The in vitro drug release study was conducted
using the USP dissolution apparatus-II (paddle
method) and 900ml of 0.1N HCl (pH 1.2) as
dissolution release medium. The study was
conducted at 37 ± 0.5°C and at paddle rotation of
50 rpm. The tablet was placed inside the
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Table 1. Formulation composition of gastroretentive tablets of Ofloxacin.
Code
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13
F14
F15

Drug
(mg)
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

HPMC
K4M (mg)
95
190
285
-

HPMC K
15M (mg)
95
190
285
-

PEO
(mg)
95
190
285
-

Carbopol
971P (mg)
95
190
285
-

Xanthan
Gum (mg)
95
190
285

SBC
(mg)
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190

Avicel 112
(mg)
246
151
56
246
151
56
246
151
56
246
151
56
246
151
56

HPMC- Hydroxy Propyl Methyl Cellulose; PEO- Polyethylene Oxide; SBC- Sodium Bicarbonate; All formulations contained 1%
Magnesium Stearate and 1% Talc.

Table 2. Physical evaluation parameters of gastroretentive tablets of Ofloxacin.
Code
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13
F14
F15

Weight
Variation (mg)
951.16 ± 1.2
950.80 ± 2.6
950.22 ± 3.4
949.11 ± 4.5
948.65 ± 2.5
952.21 ± 1.5
953.11 ± 1.3
950.28 ± 21
951.65 ± 1.7
952.09 ± 2.4
951.18 ± 3.5
950.51 ± 4.3
951.19 ± 1.4
952.32 ± 2.9
950.29 ± 1.5

Hardness
(kg/cm2)
6.0 ± 0.5
5.5 ± 0.5
6.0 ± 0.5
5.0 ± 0.1
5.4 ± 0.4
6.0 ± 0.5
5.5 ± 0.5
6.5 ± 0.5
5.5 ± 0.5
6.5 ± 0.3
5.4 ± 0.2
5.5 ± 0.5
6.0 ± 0.1
5.5 ± 0.4
5.6 ± 0.2

Thickness
(mm)
5.51 ± 0.01
5.42 ± 0.04
5.61 ± 0.07
5.56 ± 0.05
5.80 ± 0.02
5.73 ± 0.03
5.64 ± 0.09
5.89 ± 0.05
5.77 ± 0.04
5.68 ± 0.08
5.72 ± 0.06
5.65 ± 0.04
5.79 ± 0.07
5.37 ± 0.05
5.64 ± 0.08

Friability
(%)
0.34
0.25
0.42
0.29
0.36
0.45
0.22
0.28
0.37
0.44
0.24
0.31
0.27
0.35
0.21

Drug content
(%)
98.0 ± 0.3
98.7 ± 0.2
98.5 ± 0.1
98.7 ± 0.2
94.1 ± 0.5
98.5 ± 0.1
95.0 ± 1.1
92.0 ± 1.8
94.5 ± 1.3
91.5 ± 2.3
93.0 ± 2.0
92.0 ± 1.9
95.0 ± 0.9
97.5 ± 0.6
96.2 ± 1.5

Table 3. Floating properties of gastroretentive tablets of Ofloxacin.
Code
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13
F14
F15

Floating Lag Time (s)
09
11
20
28
32
38
60
126
189
80
140
200
600
1100
1800
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Total Floating Time (h)
01
03
05
>12
>12
>12
08
>12
>12
09
06
04
>12
>12
>12
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Table 4. Regression Coefﬁcient (R2) Values of Drug Release Data Obtained from Various Kinetic Models and n
Value According to Krosmeyer–Peppas.
Code
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13
F14
F15

Zero-Order
R2
0.610
0.685
0.825
0.805
0.817
0.903
0.863
0.979
0.968
0.826
0.932
0.946
0.839
0.856
0.831

First Order
R2
0.451
0.516
0.394
0.886
0.961
0.967
0.972
0.891
0.985
0.963
0.982
0.978
0.910
0.913
0.862

Higuchi
R2
0.864
0.911
0.971
0.961
0.966
0.987
0.983
0.922
0.960
0.981
0.985
0.965
0.973
0.913
0.862

Krosmeyer–Peppas
R2
n
0.905
0.151
0.960
0.215
0.963
0.354
0.984
0.335
0.976
0.327
0.975
0.431
0.981
0.427
0.905
0.675
0.992
0.787
0.979
0.388
0.982
0.666
0.923
0.339
0.975
0.336
0.989
0.362
0.933
0.320

Table 5. Characteristic peaks of pure drug, polymer, physical mixture of optimized formulation and placebo in
FTIR spectra.
Sl. No

Compound

Group

1

Pure drug

C-F
C=C-O-C
-CH3
-COOH
-COOH
Aromatic
Hydrocarbons

Type of
vibration
C-F Stretching
C-O Stretching
C-H Stretching
C=O Stretching
O-H Stretching
Ar-H Stretching
C=C Stretching

2

Polymer

3

Physical mixture of optimized
formulation

-CH2-OH
-CH2-OH
CH-OH
C-O-CH3
C-F
C=C-O-C
-CH3
-COOH
-COOH
Aromatic
Hydrocarbons

O-H Stretching
C-O Stretching
C-O Stretching
C-H Stretching
C-F Stretching
C-O Stretching
C-H Stretching
C=O Stretching
O-H Stretching
Ar-H Stretching
C=C Stretching

-CH2-OH
-CH2-OH
CH-OH
C-O-CH3
-CH2-OH
-CH2-OH
CH-OH
C-O-CH3

O-H Stretching
C-O Stretching
C-O Stretching
C-H Stretching
O-H Stretching
C-O Stretching
C-O Stretching
C-H Stretching

4

Placebo

13

Peaks (cm-1)
1457.70
1072.31
2968.12
1711.55
2755.71
3042.49
1620.57,1548.28,
1520.88,1457.70
3402.52
1048.84
1314.09
2873.29
1458.32
1072.18
2968.65
1712.29
2756.75
3042.87
1620.72,1549.34,
1520.78,1456.32
3378.63
1054.39
1304.91
2834.43-2866.62
3332.65
1051.67
1313.91
2882.76
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Figure 1. In vitro Drug Release Profile of Ofloxacin Tablets Prepared with (A) HPMC K4 M;
(B) HPMC K15 M; (C) PEO; (D) Carbopol 971P (E) Xanthan Gum
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Figure 2. The FTIR spectra. a) pure drug b) polymer c) physical mixture of optimized formulation
d) Placebo

Figure 3. Radiographic images showing the presence of floating tablet in the stomach at different time
periods (the tablet is indicated with an arrow). The tablet altered its position in the stomach. Images
were taken after: A) 1 h, B) 2 h, C) 3 h and D) 5 h after tablet administration.

15

Veerareddy et al., 2011

S. J. Pharm. Sci. 4(1): 09-18

tablet. Formulation F4 gave the best results
which retarded the drug release 98.80% for
12hours and hence it was considered as the
optimized formulation. The formulation F5 had
drug release of 83.69% in 12hours and F6 had
drug release of 73.01% in 12 hours. The
formulations which contain PEO show retarded
effect on drug release with the increase in the
polymer ratio. The formulation F7 which contain
polymer ratio 10% of total tablet weight
dissolved in the dissolution medium at about 8
hours.

RESULT AND DISCUSSION
Evaluation of floating tablets
All formulations were tested for physical
parameters like hardness, thickness, weight
variation, and friability and results were shown
in Table 2. The best formulation (F4) showed
hardness of 5.0 ± 0.1kg/cm 2, thickness of 5.56 ±
0.05 mm, friability of 0.29% and the drug content
of all the formulations was determined and was
found to be within the permissible limit and in
vitro floating evaluation parameters were
showed in Table 3.

With other formulations the tablet floated more
than 12hours. The formulations which contain
carbopol showed retarded effect on drug release
when there was increase in the polymer ratio.
However, it has a disadvantage where increase
in the polymer ratio leads to decrease in the
floating time which is due to increase in the
density. Xanthan gum has sustaining effect on
the release of drug from the floating matrix
tablets but the increase in the concentration of
the same polymer in the formulation retards the
release of drug from the tablet. The release of
drug from all formulation was less than 55%
within 12 hours.

As the amount of HPMC K4M decreased, TFT
decreased probably because of the poor gelling
strength. In the case of HPMC K15M and PEO,
TFT increased this is because of increased gel
strength of matrices which prevents escape of
evolved CO2 from matrices, leading to decreased
density. As the amount of carbopol 971P
increased, TFT decreased which may be due to
high affinity of carbopol towards water, which
promotes water penetration into tablet matrices,
leading to increased density. Xanthan Gum will
have the nature of high viscosity therefore
sodium bicarbonate takes more time to react
with dissolution medium which leads to
increase in the floating lag time.

Drug Release Kinetics
Regression coefficient value (R2) and n values
for all formulation were shown in Table 4. The
release profile of optimized formula F4, fitted
best to Korsmeyer-Peppas model with R2 value
of 0.9848. As the n value for the KorsmeyerPeppas model was found to be less than 0.45 it
follows Fickian diffusion mechanism.

In vitro drug release studies
In vitro drug release profile for all prepared
formulations were depicted in Figure 1. The
formulations containing HPMC K4M showed
poor integrity. Further attempt were made to
improve the integrity by increasing the polymer
percentage but were unable to show the desired
integrity within the highest possible concentration of the polymer in the formulation. The
formulation F1 which contain least (10%)
amount of polymer showed drug release to the
extent of 96.18% within 4 hours. When the
polymer concentration is increased to 20% of
total weight of the tablet (F2), 96.49% of drug
release was achieved within 6 hours. Further
increment of the polymer to 30% (F3) has
resulted in 95.68% of drug release in 8 hours.
The formulations containing HPMC K15M have
shown sustaining effect on the release of drug
from the floating matrix tablets, but the increase
in the concentration of the same polymer in the
formulation retards the release of drug from the

Fourier Transform Infrared Spectroscopy
Studies
FTIR spectra and Characteristic peaks for pure
drug, polymer, physical mixture of optimized
formulation, and placebo were represented in
Figure 2 and Table 5 respectively. Pure drug
characteristic peaks were observed in pure drug
and physical mixture of optimized formulation
only but not in pure polymer and placebo.
Polymer chrematistic peaks were observed in
polymer, physical mixture of optimized formulation and placebo. Therefore, from this FTIR
study can be concluding that the pure drug has
no interaction with excipients.
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a controlled release formulation of ursodeoxycholic
acid in man. Drugs Exp.Clin. Res. 22: 29-23.

In vivo confirmation of buoyancy by using
radiographic studies
In vivo studies were conducted on healthy
human volunteers to find the gastric residence
time of the optimized formulation (F4). The
studies were based on X-ray radiography.
Images were taken at different time points to
find the location of the tablet shown in Figure 3.
The radiograms were taken for every 1hr and
the tablet was found floating on the gastric
content for about 300±10 min.
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CONCLUSION
Gastroretentive drug delivery tablets of
ofloxacin were developed to enhance gastric
residence time and there by eradication of
Helicobacter pylori infection. The optimized
formula F4 showed better sustained drug release
and which also had good floating properties.
The release profile of optimized formula, fitted
best to Korsmeyer-Peppas model with R2 value
of 0.9848. As the n value for the KorsmeyerPeppas model was found be less than 0.45 it
follows Fickian diffusion mechanism. In vivo
radiographic studies revealed that the tablets
remained in the stomach for 300±10 min which
indicates the increase in the gastric residence
time.

Coupe AJ, Davis SS, Wilding IR. (1991) Variation in
gastroin-testinal transit of pharmaceutical dosage
forms in healthy subjects. Pharm. Res. 8: 360–364.
Coupe AJ, Davis SS, Wilding IR. (1991) Variation in
gastroin-testinal transit of pharmaceutical dosage
forms in healthy subjects. Pharm. Res. 8: 360–364.
Donbrow M, Samuelov Y. (1980) Zero order drug
delivery from double-layered porous films: release
rate
profiles
from
ethylcellulose,
hydroxypropylcellulose and polyethylene glycol
mixtures. J Pharm Pharmacol. 32:463-470.
Deshpande AA, Shah NH, Rhodes CT, Malick W. (1997)
Development of a novel controlled release system
for gastric retention. Pharm. Res 14: 815-819.
Gambhire MN, Ambade KW, Kurmi SD, Kadam VJ,
Jadhav KR. (2007) Development and in vitro
evaluation of an oral floating matrix tablet
formulation of diltiazem hydrochloride. AAPS
Pharm Sci Tech. 8 (3), E73.

ACKNOWLEDGEMENT
The authors are greatly thankful Mr. T. Jaypal
Reddy, Director, St. Peter’s Institute of
Pharmaceutical Sciences for providing facilities.

Garg R, Gupta GD. (2008) Progress in controlled
gastroretentive delivery systems. Trop. J. Pharm.
Res. 7(3), 1055-1066.
Groning R, Heun G. (1989) Dosage forms with controlled
gastrointestinal passage studies on the absorption
of nitrofurantoin. Int. J.Pharm.56:111- 116.

REFERENCES
Agyilirah GA, Green M, DuCret R, Banker GS. (1991)
Evalua tion of the gastric retention properties of a
cross-linked polymer coated tablet versus those of
a non-disintegrating tablet. Int. J. Pharm. 75 241–
247.

Groning R, Heun G. (1984) Oral dosage forms with
controlled gastrointestinal transit. Drug Dev.
Ind.Pharm. 10:527-539.
Higuchi T. (1963) Mechanism of sustained action
medication. J. Pharm. Sci. 52:1145–1149.

Ali J, Arora S, Khar RK. (2005) Floating drug delivery
system: A review. AAPSPharmSci Tech. 06(03):
E372-E390.

Hwang SJ, Park H, Park K. (1998) Gastric retentive drug
delivery systems. Crit. Rev Ther Drug Carrier Syst
15: 243- 284.

Ali J, Hasan S, Ali M. (2006) Formulation and
development of gastroretentive drug delivery
system for ofloxacin. Methods Find Exp Clin
Pharmacol. 28(7): 433.

Jagdale SC, Agavekar AJ, Pandya SV, Kuchekar BS,
Chabukswar AR. (2009) Formulation and
evaluation of gastroretentive drug delivery system
of propranolol hydrochloride. AAPSPharmSciTech.
10(3): 1071-9.

Alvisi V, Gasparetto A, Dentale A, Heras H, FellettiSpadazzi A, Ambrosi AD. (1996) Bioavailability of

17

Veerareddy et al., 2011

S. J. Pharm. Sci. 4(1): 09-18

Jimenez MI, Quirino BT, Villafuerte RL. (2008) Sustained
delivery of captopril from floating matrix tablets.
Int J Pharm. 362 (1-2): 37-43.

site specific pharmacotherapy, Wiley, Chichester.
pp.282-283.
Sing BN, Kim KH. (2000) Floating drug delivery systems:
an approach to oral controlled drug delivery via
gastric retention. J.Control.Rel.63:235–259.

Korsmeyer RW, Gurny R, Docler E, Buri P, Peppas NA.
(1983) Mechanism of solute release from porous
hydrophilic polymers. Int. J. Pharm. 15: 25–35.

Streubel A, Siepmann J, Bodmeier R. (2006)
Gastroretentive drug delivery system. Expert Opin
Drug Deliv 3(2): 217-233.

Mahesh DC, Paras J, Sachin C, Rajesh S, Pradeep RV.
(2005)
Development
of
sustained
release
gastroretentive drug delivery system for ofloxacin:
Invitro and in vivo evaluation. Int.J.Pharm.304:
178-184.

Sangekar S, Vadino WA, Chaudry I, Parr A, Beihn R,
Digenis G. (1987) Evaluation of the effect of food
and speciﬁc gravity of tablets on gastric retention
time, Int. J. Pharm. 35: 187–191.

Mahesh DC, Paras J, Sachin C, Rajesh S, Pradeep RV.
(2006) Novel sustained release, swellable and
bioadhesive gastroretentive drug delivery system
for ofloxacin. Int.J.Pharm. 316: 86-92.

Urquhart J, Theeuwes F. (1984) Drug delivery system
comprising a reservoir containing a plurality of
tiny pills. US Patent 4, 434, 153.

Mazer N, Abisch E, Gfeller JC, Laplanche R, Bauer-feind
P, Cucala M, Lukachich MA. Blum. (1988)
Intragastric behavior and absorption kinetics of a
normal and ‘ﬂoating’ modiﬁed-release capsule of
isradipine under fasted and fed conditions, J.
Pharm. Sci. 8:647–657.
Merchant HA, Shoaib HM, Tazeen J, Yousuf RI. (2006)
Once-Daily tablet formulation and in vitro release
evaluation of Cefpodoxime using Hydroxypropyl
Methylcellulose: A Technical note. AAPS PharmSci
Tech. 7(3) Article 78.
Mojaverian P, Ferguson RK, Vlasses PH, Rocci ML Jr,
Oren A, Fix JA, Caldwell LJ, Gardner C. (1985)
Estimation of gastric residence time of the
Heidelberg capsule in humans: effect of varying
food composition. Gastroenterology. 89: 392–397.
Moore JG, Christian PE, Brown JA, Brophy C, Datz F,
Taylor A, Alazraki N. (1984) Inﬂuence of meal
weight and caloric content on gastric emptying of
meals in man, Dig. Dis. Sci.29: 513–519.
Mojaverian P, Vlasses PH, Kellner PE, Rocci ML. (1988)
Effects of gender, posture, and age on gastric
residence time of an indigestible solid:
pharmaceutical considerations, Pharm. Res. 10:
639–644.
Muller-Lissner SA, Will N, Muller-Duysing W, Heinzel
F, Blum AL. (1981) A ﬂoating capsule with slow
release of drugs: a new method of oral drug
medication, Dtsch. Med. Woch- enschr. 106: 1143–
1147.
Oth M, Franz M, Timmermans J, Moes A. (1992) The
bilayer ﬂoating capsule: a stomach- directed drug
delivery system formisoprostol. Pharm. Res. 9: 298–
302.
Rouge N, Buri P, Doelker E. (1996) Drug absorption sites
in the gastrointestinal tract and dosage forms for
site specific delivery. Int J Pharm.136: 117-139.
Rubinstein A, Friend DR. (1994) Specific delivery to the
gastrointestinal tract. ln Domb AJ (Ed.) Polymeric

18

