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ABSTRACT

Gastro retentive drug delivery systems have been widely used to prolong retention of dosage
forms in stomach. Among the various approaches, the floating bilayer tablets formulation
offers sustained drug release as well as prolonged gastric retention, along with the added
advantage of liquid oral dosage form. The present study was an attempt to formulate and
evaluate floating bilayer tablets of Epleronone by using various polymers like guar gum,
ethyl cellulose, SSG, CCS. The prepared floating Bilayered tablets were evaluated for
hardness, Weight variation, thickness, friability, drug content uniformity, and in-vitro
dissolution studies. Based on various evaluation parameters formulation F3 (IR) & F12 (SR)
was selected as optimized formulation. From the above floating buoyancy studies shows that
F12 shows higher Total floating time than other formulations. It was observed that
Formulations F3 (IR) & F12 (SR) gave maximum drug release within time. All formulations
were subjected for drug release kinetics studies viz. Zero order, first order, Higuchi matrix,
Peppas model equations and the formulations of sustained release (SR) formulations followed
zero order release with non-fickian diffusion mechanism.
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INTRODUCTION

Gastroretentive Drug Delivery System

After oral administration, such a dosage form
would be retained in the stomach and release the
drug there in a controlled and prolonged manner, so
that the drug could be supplied continuously to its
absorption sites in the upper gastrointestinal tract.
Gastro retentive dosage form can remain in the
gastric region for several hours and hence
significantly prolong the gastric residence time of
drugs (Moses AJ et.al.,1993).

Classification of Gastroretentive Drug Delivery
System

I. Floating Drug Delivery System: FDDS have a
bulk density less than gastric fluids and so remain
buoyant in the stomach without affecting the
gastric emptying rate for a prolonged period of
time.

A) Effervescent system: These buoyant delivery
systems utilize matrices prepared with swellable
polymers such as Methocel or polysaccharides
(chitosan), effervescent components (sodium
bicarbonate, citric acid, and tartaric acid) and

matrices containing chambers of liquid that gasify
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at body temperature (Singh BN etal.,, 2000,
Kawashima Y et.al.,1992)

a) Gas-generating systems:

b) Volatile liquid containing
(Osmotically controlled DDS)

systems

B) Non-Effervescent FDDS

Non-effervescent floating dosage forms use a gel
forming or swellable cellulose type of
hydrocolloids, polysaccharides and matrix-forming
polymers like  polycarbonate, polyacrylate,
polymethacrylate  and polystyrene. Non-
effervescent systems based on several principles of
following types.

a) Low density due to swelling (HBS System)

b) Inherent low density system

i Floating Microsphere (Hollow
microspheres/Microballons)

ii. Floating beads

iii. Microporous compartment  system

(Kawashima Y et.al., 1992)

Bilayer Tablets: Bilayered Tablets consist of two
or more active pharmaceutical ingredients in One
unit (Kawashima Y et.al., Park K, et.al., 1984)

Types of bilayer tablet press:

1. Single sided tablet press, 2. Double sided tablet
press, 3. Bilayer tablet press with displacement
monitoring (Gaurav Singh Gurjar etal., 2017,
Sanjana. A, etal., 2016, Rakesh Kumar, et.al.,
2016)

Types of Different Release Patterns of Bilayer
Dosage Forms

Controlled release, Delayed release, Immediate
release, Sustained release (Extended-/prolonged-
release tablets) (Whitehead L, et.al., 1996, Ramu B,
et.al., 2015, Vinay C.H, et.al., 2016)

MATERIALS AND METHOD

Epleronone was obtained as gift sample from BMR
Chemicals, Hyd, India. CCS, Sodium Starch
gylcolate, Guar Gum was procured from Narmada
Chemicals, Hyd. Mg stearate, MCC, Talc, PVP-
K30 procurred from SD Fine Chemicals. EC,
NaHCO3, Citric acid, Sunset yellow CFC procured
from BMR Chemicals, Hyd. Lactose procured from
Agastan Bio Cheme Pvt Ltd.

Preparation of Bilayer tablets

a) Preparation of Immediate release layer: The
Immediate release layer contains uniform mixture
of Epleronone, Povidone, & CCS were weighed
followed by shifting through 40# sieve and mixed
well for 10min. finally prepared powder lubricated
with magnesium stearate and Talc the well mixed
powder were used as upper layer (Oth M, 1992)

b) Preparation of Sustained release layer: 20mg
of Epleronone, GUAR GUM & ethyl cellulose,
variable amount using of MCC, PVP K30, sodium
bicarbonate, citric acid, Magnesium stearate and
Talc was mixed properly in a mortar with weighed
amount of polymers and excipients, The well-
mixed powder was compressed by direct
compression technique and used as sustained
release layer (M. Yasmin Begum, 2014)

c) Preparation of Bilayer tablet: Bilayer tablets
were prepared by combining of fast release layer
and various formulations of sustained release layer.
After the compression upper punch was lifted and
the blend of powder for immediate release layer
was poured into the die, containing initially
compressed matrix tablet on multi station punching
machine using flat punches, with the hardness of 6-

8 kg/cm2.

Formulation Design
Table-1 Formulation of Immediate release layer
(Epleronone).

Ingredients | =1 | £y |E3 |E4 |E5 |E6

(mg)

Epleronone 10 |10 (10 |10 |10 |10

CCs 3 6 9 - - -

SSG -- -- -- 3 6 9

Lactose 102 | 100 | 98 102 | 100 | 98

Mg stearate

Talc

Sunset

yellow CFC 3 2 1 3 2 1

Total wt 120 | 120 | 120 | 120 | 120 | 120
Table 2: Formulation of Bilayer tablets of
Epleronone

Ingredients

(mg) F7 F8 F9 F10 | F11 | F12

IR formulation

(F3) 120 | 120 | 120 | 120 | 120 | 120

Epleronone 20 20 20 20 |20 |20

Ethyl

cellulose 30 60 90 -- -- --

GUAR GUM | -- -- -- 30 |60 |90

Sodium

bicarbonate 80 80 80 80 80 80

Citric acid 10 10 10 10 10 10

PVP K30 30 30 30 30 |30 |30

Lactose 124 | 94 64 124 |94 | 64

Talc 3 3 3 3 3 3

Mg. Sterate 3 3 3 3 3 3

Total 300 | 300 | 300 | 300 | 300 | 300
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Compression of Bilayer Tablets: The quantity of
granules for the sustained-release layer was
compressed lightly using 12 stationary double
rotary compression machine using 12 inch circular
shaped plain punches. Over this compressed layer
required quantity of the immediate release granules
were placed and compressed to obtain hardness in
the range of 6-8 kg/cm? to form a bilayer tablet of
sustained release of Epleronone and immediate-
release of Epleronone. Then the compressed bilayer
tablets were evaluated.®%-53

Evaluation of Tablets’*™

Epleronone tablets were evaluated for bulk density,
tapped density, Carr’s index, Hausner’s ratio, angle
of repose and moisture content as per the
procedures explained above and the results were
tabulated in Table

POST COMPRESSION PARAMETERS:
The formulated tablets were evaluated for the
following physicochemical parameters.

Thickness: Thickness mainly depends on die
filling, physical properties of material to be
compressed and compression force. There is bound
to be a small variation in the thickness of individual
tablet in a batch. But it should not be apparent to
the unaided eye. The thickness and diameter were
measured by using Vernier calipers. Tablet
thickness should be controlled within = 5%
variation of standard value.

Hardness: Tablet requires certain amount of
strength or hardness to withstand mechanical
shocks of handling in manufacture, packing and
shipping. Ten tablets were randomly picked from
each formulation during manufacturing and
evaluated for hardness using Monsanto hardness
tester. It is expressed in kg/cm2Oral tablets
normally have a hardness of 4 to 10kg/cm?.

Friability: The friability test is closely related to
tablet hardness it is usually measured by the use of
the Roche friabilator. Ten tablets were weighed and
placed in the apparatus where they are exposed to
rolling and repeated shocks as they fall 6 inches in
each turn within the apparatus. After four minutes
of this treatment or 100 revolutions, the tablets are
then dedusted and reweighed and compared with
the initial weight. Loss of less than 1% in weight is
considered to be acceptable.
Intial wt. — Final wt.

F (%) x 100

Initial wt.

Weight Variation Test: Twenty tablets were
selected randomly and weighed individually.
Average weight was calculated and compared to

10

individual tablet weight. The tablets meet the USP
test if not more than 2 tablets are outside the
percentage limit and if no tablet differs by more
than 2 times the percentage limit.

Table-3 Weight variation tolerances for
uncoated tablets
Average weight | Maximum percentage
of tablets (mg) difference allowed
130 or less 10
130-324 75
More than 324 5

Drug content uniformity: The test is used to
ensure that every tablet contains the amount of
drug intended with little variation among tablets
within a batch. Ten tablets were weighed and
crushed in the mortar. The powder equivalent to
20mg drug was dissolved in 6.8pH buffer and
volume was made up to 100ml to give a
concentration of 250u g/ml. 1ml of this solution
was taken and diluted to 10ml to give a
concentration of 50 g/ml. The absorbance of the
prepared solution was measured using UV
Visible spectrophotometer (PG Instruments,T60)
and the drug concentration was determined from
the standard calibration curve by using the
regression equation.

T absorbance - intercept
Concentration (ug/ml)=

slope

Drug content (wg) = concentration X dilution factor

Drug content
X 100

% Drug content = -
Labeled claim

The preparation passes the test if individual drug

content is 95-105% of the average content.

In-vitro buoyancy studies: The invitro floating
behaviour of the tablets was studied by placing
them in 100ml beaker 100ml of 6.8 pH buffer The
time, tablet required for the emerge on the surface
is floating lag time (FLT) or buoyancy lag time
(BLT). And the time tablet constantly float on the
surface of the medium is called total floating time
(TFT). In vitro Dissolution Studies:

Dissolution for Immediate release tablets of
Epleronone: The release rate of Epleronone from
immediate release tablets was determined using
USP dissolution testing apparatus 11 (paddle). The
dissolution test was performed using 900ml of 6.8
pH buffer solution at 37.5+ 0.5°C and 50 rpm. A
sample (5ml) of the solution was withdrawn from
the dissolution apparatus at times 5, 10, 15, 20, 30,
40, 50, & 60 mins and the samples were replaced
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with fresh dissolution medium. The samples were
observed for absorbance at wavelength of 236 nm.

In vitro drug release studies of bilayer tablets:

In vitro drug release studies of bilayer tablets were
carried out using USP dissolution apparatus type 11
in 900mL of 6.8 pH buffer up to 720 min. Samples
were collected at regular intervals of time and
filtered. The collected samples were filtered and

observed in UV spectrophotometer.

RESULTS AND DISCUSSION
Characterization of blend (immediate release)

Inference: The angle of repose of different
formulations (F1-F6) was found to be in the range
of 26.95 to 29.84 which indicates that material had
excellent flow property. So it was confirmed that
the flow property of blends were free flowing. The
bulk density of blend was found between 0.315 to
0.335. Tapped density was found between 0.368 to
0.398. These values indicate that the blends had
good flow property. Carr’s index for all the
formulations was found to be between 13.32 to
16.71 and Hausner’s ratio from 1.15 to 1.20 which
reveals that the blends have good flow character.

Table: Pre  Compression  parameters
(Immediate release)

Angle Bulk Tapped | Carr’s

of Density | Density | Index. | Hausner’s
Code | Repose | (g/ml) (g/ml) (%) ratio
F1 27.54 0.331 0.375 13.97 1.16
F2 26.95 0.319 0.368 15.82 1.19
F3 29.56 0.315 0.385 16.71 1.18
F4 28.62 0.328 0.379 14.87 1.20
F5 29.84 0.335 0.398 16.71 1.17
F6 27.91 0.326 0.384 13.32 1.15

Characterization of Immediate Release Tablets
Table no: Post Compression parameters

Formulation | Mean Hardness Diameter | Average Friability Disintegration | Mean drug
code Kg/cm? Thickness | (mm) weight (mg) | % wiw test (sec) content %
F1 3.8 3.22 8.85 150.24 0.80 15 96.47

F2 3.5 2.90 8.54 149.53 0.65 32 99.52

F3 3.2 2.64 8.84 148.35 0.83 23 95.33

F4 4.0 2.84 8.52 150.36 0.96 91 101.14

F5 3.6 2.76 8.49 151.75 0.72 45 97.28

F6 3.9 2.79 8.60 149.68 0.50 15 98.65

Inference: Hardness of the tablet was acceptable
and uniform from batch to batch variation, which
was found to be 3-4 kg/cm?. All the formulations
passed the weight variation test as the % weight
variation was within the pharmacopoeial limits of

Friability values were found to be less than 1% in
all the formulations F1 — F6 and considered to be
satisfactory ensuring that all the formulations are
mechanically stable.

+10% of the tablet weight.

Characterization of blend of Floating SR tablets:

Table : Pre Compression parameters

Formulation | Angle of | Bulk Tapped | Carr’s | Hausner’s
code Repose | Density | Density | Index | Ratio

F7 30.54 0.625 0.737 1231 | 1.17

F8 32.16 0.624 0.721 1357 |1.15

F9 29.57 0.653 0.728 1522 ]1.18

F10 31.93 0.614 0.749 1519 |1.16

F11 29.61 0.641 0.743 1493 |1.17

F12 30.82 0.628 0.735 13.85 |1.14

11
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Inference: The angle of repose of different
formulations was < 32.16 which indicates that
material had good flow property. So it was
confirmed that the flow property of bends were free
flowing. The bulk density of blend was found
between 0.614g/cm? to 0.653 g/cm?®.Tapped density

and Hausner’s ratio from 1.14 - 1.18 which reveals
that the blends have good flow character.

Characterization of tablets
Post Compression parameters
All the batches of tablet formulations were

was found between 0.721g/cm?® to characterized for official evaluation parameters like

0.749g/cm®. These values indicate that the blends Weight variation, Hardness, Friability, Tablet

had good flow property. Carr’s index for all the thickness and drug content.

formulations was found to be between 12.31-15.22

Table : Characterization of Bilayer tablets

Average Thickness Diameter Friability Drug

Formulation Weight (mg) | (mm) (mm) Hardness (%) content (%)
F7 299.1 3.96 12.11 6.5 0.54 99.72
F8 291.9 3.58 12.03 6..9 0.72 100.86
F9 298.0 3.68 12.22 6.7 0.43 98.64
F10 291.3 3.78 12.13 7.8 0.28 96.91
F11 289.9 3.58 12.02 7.3 0.92 98.27
F12 287.7 3.92 12.21 6.8 0.67 101.83

Inference: Hardness of the tablet was acceptable
and uniform from batch to batch variation, which
was found to be 6 - 8 kg/cm?. All the formulations
passed the weight variation test as the % weight
variation was within the pharmacopoeial limits of
5% of the tablet weight. Friability values were
found to be less than 1% in all the formulations F7
— F12 were considered to be satisfactory ensuring
that all the formulations are mechanically stable.
The % drug content for all the formulations were
close to 100 and varied between 95 to 105%.

Effervescent floating systems:
Table 6.5: In vitro floating buoyancy studies:

Formulation | Floating Lag | Total Floating
Code Time (secs) Time (hrs)

F7 123 >10

F8 121 >10

F9 108 >12

F10 106 >10

F11 132 >11

F12 120 >12

Discussion: From the above floating buoyancy
studies shows that F12 shows higher Total floating
time than other formulations.

12

In vitro dissolution studies:
Table: Percent Drug Release of Epleronone
(IR) Tablets for all formulations (F1-F6)

Time
(min
) F1 F2 F3 F4 F5 F6
0 0 0 0 0 0 0
334 | 37.2 | 425 | 265 | 29.6 | 33.1
5 9 6 9 4 7 5
41.1 | 44.0 | 505 | 33.1 | 36.8 | 39.9
10 9 2 3 6 2 2
45.6 | 48.3 | 55.3 | 37.4 | 419 | 447
15 2 2 6 7 1 8
50.3 | 53.0 | 60.1 | 41.2 | 46.7 | 50.0
20 2 5 2 8 3 2
59.5 | 61.8 | 70.4 | 49.4 | 56.1 | 59.9
30 1 9 3 6 9 2
68.8 | 71.1 | 80.2 | 57.3 | 66.2 | 70.6
40 6 2 8 5 3 2
78.3 | 80.7 | 90.1 | 65.9 | 754 | 81.1
50 1 9 5 1 2 2
87.9 | 914 | 999 | 746 | 84.6 | 92.8
60 4 7 2 1 9 4
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Figure: Percent Drug Release versus Time Plots of Epleronone Tablets F1-F6
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Figure: Percent Drug Release versus Time Plots of Epleronone Tablets for F1-F3

Discussion: F1 shows maximum drug release at the
end of 60mins i.e.,, 87.94 %. While F2 shows
91.47% of drug release at the end of 60mins.
Whereas F3 shows 99.92% of drug release at the

100
90
80
70
60

% Drug release

50 ——F4
40 —--F5
0 F6
20
10
(]
0 10 20 30 40 50 60 70

Time {mins)

end of 60mins. By observing the dissolution
profiles of F1-F3 increase in the superdisintegrant
concentration shows decrease in the drug release
time.

Figure: Percent Drug Release versus Time Plots of Epleronone Tablets for F4-F6

Discussion: F4 shows maximum drug release at the
end of 60mins i.e., 74.61%. While formulation F5
shows 84.69% of drug release at the end of 60mins.
While formulation F6 shows 92.84% of drug
release at the end of 60mins.Above dissolution

studies indicate that all the formulations F3
formulation containing higher concentration of
CCS as the disintegrant had showed faster drug
release in 60mins. So F3 formualtion is considered
as optimized formulation.

Table : Dissolution profile for Bilayer tablets of all formulations (F7-F12)

Time

(MINS) F7 F8 F9 F10 F11 F12
I.R. Layer

0 0 0 0 0 0 0

60 99.92 ]99.92 | 99.92 | 99.92 | 99.92 | 99.92

13
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S.R. Layer
0 0 0 0 0 0 0
60 40.25 | 39.42 | 32.54 | 38.87 | 36.86 | 31.85 120 1
120 50.33 | 49.32 | 40.96 | 47.92 | 44.78 | 38.96
180 56.12 | 55.21 | 46.53 | 53.89 | 50.92 | 44.53
240 61.75 | 60.12 | 52.16 | 60.23 | 56.35 | 49.53
300 67.83 | 65.96 | 57.87 | 67.18 | 62.02 | 54.37 o
360 74.61 | 72.29 | 63.45 | 74.38 | 67.43 | 59.16 3
420 82.02 | 77.92 | 69.12 | 81.41 | 73.12 | 63.99 gn
480 89.12 | 84.88 | 75.36 | 88.54 | 79.13 | 69.65 =
540 96.73 | 92.02 | 82.23 | 96.32 | 85.35 | 75.42
600 98.96 | 89.36 92.04 | 81.95 Time{min)
660 96.95 98.12 | 88.62 - - -
720 9601 In-vitro drug relgase profile of Bilayer
tablets of Formulation F7-F12.
120 4
100 + (A
80 4
v 60 - ——F7
é —=—F8
w 40 F9
Sa 20
(U T T T |
200 400 600 800
Time(min)

In-vitro drug release profile of Bilayer tablets of Formulation F7-F9.

From the in vitro dissolution studies of formulaions
F7-F9 formulated by using Ethyl cellulose in three
different ratios. The F7 formulation containing
Ethyl cellulose (30mg) shows 96.73% of drug
release at the end of 540mins. While in F8

formulation containing Ethyl cellulose (60mg)
shows 98.96 % of drug release at the end of
600mins.  While in F9 formulation containing
Ethyl cellulose (90mg) shows 96.95% of drug
release at the end of 660mins.

120 4

100

% Drug release

——=F10
=l=F11
F12

500 600

Time(min)

700

In-vitro drug release profile of Floating bilayer
tablets of Formulation F10 - F12.

The F10 formulation containing Guar gum (30mg)
shows 96.32% of drug release at the end of
540mins. whereas the F11 formulation containing
Guar gum (60mg) shows 98.12% of drug release at
the end of 660mins. whereas the F12 formulation
containing Guar gum (90mg) shows 96.01% of
drug release at the end of 720mins. By comparing

14

the in vitro dissolution studies of two polymers like
Ethyl cellulose and Guar gum, it was observed that
the controlled drug delivery was obtained with the
higher concentration of Guar gum in F12
formulation than the remaining formualtion. So the
drug release kinetics were performed for the
formulation F12 formulation, as it maintains
constant drug release in a sustained manner with
optimum swelling and gel forming nature.
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Drug Release Kinetics of Epleronone Bilayer Tablets: (F12)
Zero order release kinetics

120 4

100

80 -

60 -

% CDR

y¥=0.1075x+ 19.287
R2=0.9345
40 |

20

4] T T T T T T T 1
4] 100 200 300 400 500 600 700 800

Time (mins)

Fig: Zero order release profile of bilayer tablets of Epleronone best formulation F12
First order release Kinetics data of FBT of Epleronone best formulation F12

y=-0.0015x+2.0413
R?=0.8482

Log % ARA

Time {mins)

Fig: First order release profile of bilayer tablets of Epleronone best formulation F12

Higuchi Release Kinetics Data of Bilayer Tablets of Epleronone Best Formulation F12
120

100
y=3.2964x+0.5538 *

R?=0.9803
80 -

60 | s *

% CDR

40 |

20 -

0

T T T T T !
0 5 10 15 20 25 30
Root time

Fig:. Higuchi release kinetics profile of bilayer tablets of Epleronone best formulation F12

Peppas Release Kinetics Data of Bilayer Tablets Of Epleronone Best Formulation F12

25 4

y=0.6643x+0.1057
R?=0.9745

0.5 4

0 0.5 1 1.5 2 2.5 3 35
Log time

Fig: Peppas release kinetics profile of bilayer tablets of Epleronone best formulation F12
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CONCLUSION

The study involves preformulation studies,
formulation, evaluation and stability studies of
prepared matrix tablets. The physical evaluation of
API along with excipients has shown compatibility
supporting the choice of excipients. FTIR studies
reveal no incompatibility between drug, polymer
and various excipients used in the formulations.
CRDDS of a model drug were formulated and
evaluated with different polymers. Formulations

release upto 12hours and they were formulated by
using direct compression. Immediate release tablets
of a model drug were formulated and evaluated
with different polymers. Formulations with CCS
polymers has successfully releases the model drug
release within time and they were formulated by
using direct compression. The dissolution profiles
and kinetic studies (zero-order, first-order,
Higuchi’s equation and Korsmeyer-peppas
equation) indicate that the release of Epleronone

with higher concentration of GUAR GUM follows zero order release and with non-fickian
polymers has successfully releases the model drug diffusion mechanism.

REFERENCES

1. Garg S and Sharma S. Gatroretentive drug delivery system in: Drug delivery oral, Business Brief.:

Pharmatech 2003,160-166.

interdigestive migratory motor

2. Rouge N, Buri P, Doeilkar E. Drug absorbtion sites in the gastrointestinal tract and dosage forms for site-
specific delivery. Int J Pharm, 1996; 136, 117-139.

3. Fell JT, Whitehead L, Collet H, Prolonged gastric retension using floating dosage forms. Pharm Technol.
2000; 24 (3): 82-90.

4. Matharu RS, Sanghvi NM. Novel drug delivery system of captopril. Drug Dev Ind Pharm. 1992; 18: 1567-
1574.

5. Fell JT. Delivery sytem for targeting to specific sites in the gastrointestinal tract. J Pharmacol.1999; 51:
41.

6. Baumgartner S, Kristil J, Vrecer F, Vodopivec P, Zorko B. Optimization of floating matrix tablets and
evaluation of their gastric residence time. Int J Pharm. 2000; 195 (1-2): 125-135.

7. Moses Al. Gastro Retentive Dosage Forms: Critical review. Ther Drug Carier Syst. 1993; 10: 143-195.

8. Tortora GJ and Derrickson B. Principles of Anatomy and Physiology. 11" ed. John Wiley & Sons, Inc.
2006:895-948.

9. Washington N, Washington C, Wilson CG. Physiological Pharmaceutics. Il, Taylor and Francis, New
York, 2001.

10. Bannister LH, Alimentary system, in: Williams PL, Gray’s Anatomy.38" ed, New York: Churchill
Livingstone, New York, 1995, p1683-1812.

11. Desai S. A Novel Floating Controlled Release Drug Delivery System Based on a Dried Gel Matrix
Network [master’s thesis].Jamaica: NY, St John’s University; 1984.

12. Vantrappen GR, Peeters TL, Janssens J. The secretory component of
complex in man. Scand J Gastroenterol. 1979; 14: 663-667.

13. Wilson CG, Washington N, The stomach: its role in oral drug delivery. In: Rubinstein MH, ed.
Physiological Pharmacetical:Biological Barriers to Drug Absorption. Chichester; UK: Ellis Horwood;
1989 p47-70.

14. Desai S, Bolton S. A floating controlled release drug delivery system: in vitro- In vivo evaluation. Pharm
Res. 1993; 10: 1321-1325.

15. Talukder R, Fassihi R. Gastroretentive Delivery System: A Mini Review.Drug Dev Ind Pharm 2004; 30
(10): 1019-1028.

16. Timmermans J, Moes AJ. Factors controlling the buoyancy and gastric retention capabilities of floating
matrix capsules new data for reconsidering the controvers, J Pharm Sci. 1994; 83: 18-24.

17. Mojaverian P, Vlasses PH, Kellner PE, Rocci ML. Effects of gender, posture, and age on gastric residence
time of an indigestible solid:pharmaceutical considerations. Pharm Res. 1988;10: 639-644.

18. Garg R, Gupta GD. Progress in Controlled Gastroretentive Delivery Systems. Trop J Pharm Res. 2008; 7
(3): 1055-1066.

19. Jain SK, Jain NK, Agarwal GP. Gastroretentive Floating Drug Delivery: An Overview. Drug Deliv.
Technol. 2005(a); 5: 62-71.

20. Hui, et al., Design and Fabrication of Oral Control release drug delivery system, In: Controlled Drug
Delivery: Fundamentals and applications, V.H.L. Eds. (Marcel Dekker, Inc. New York), 1987, 419-420.

21. Watanabe S, Kayano M, Ishino Y, Miyao K. Solid therapeutic prepration remaining in stomach. US
Patent, 3976764:1976.

22.

Singh BN, Kim KH. Floating drug delivery systems: an approach to oral controlled drug delivery via
gastric retention. J Control Release 2000; 63: 235-259.

16



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Pallavi et al., World J Pharm Sci 2022; 10(04): 8-17

Arora S, Ali J, Ahuja A, Khar RK, Baboota S. Floating Drug Delivery Systems: A Review. AAPS Pharm
Sci Tech. 2005; 6 (3): 372-389.

Kawashima Y, Niwa T, Takeuchi H, Hino T, Ito Y. Hollow Microsphere for use as a floating controlled
drug delivery system in the stomach. J Pharm Sci. 1992; 81: 135-140.

Whitehead L, Fell JT, Collett JH. Development of a gastroretentive dosage form. Eur J Pharm Sci. 1996;
4:182.

Park K, Robinson JR. Bioadhesive polymer As platform for oral controlled drug delivery: method to study
Bioadhesion. Int J Pharm 1984; 19 (1): 107-127.

Bahri-Najafi R, Mostafavi A, Tavakoli N, Taymouri S, Shahraki MM. Preparation and in vitro-in
vivo evaluation of acyclovir floating tablets. Res Pharma Sci 2017;12:128-36.

Kai Chen, Haoyang Wen, Feifei Yang, Yibin Yu, Xiumei Gai, Haiying Wang, Study of controlled-release
floating tablets of dipyridamole using the dry-coated method, Drug Development and Industrial Pharmacy
, 2018 (44) 1,116-124.

Rahim Bahri-Najafi, Abolfazl Mostafavi,1 Naser Tavakoli,1 Somayeh Taymouri,1 and Mohammad-
Mehdi Shahraki2, Preparation and in vitro-in vivo evaluation of acyclovir floating tablets, Res Pharm Sci.
2017,12(2): 128-136.

Ramu B, Shanmunga Pandiyan P,et.al.,Formulation And Evaluation Of Gastroretentive Floating
Bioadhesive Tablets Of Hydrochlorothiazide, Asian J Pharm Clin Res, 2017,10(5): 150-155.

Gaurav Singh Gurjar*, Mithun Bhowmick, Vaishali Rathi, Jagdish Rathi, Design And Evaluation Of
Extended Release Cefuroxime Axetil Floating Tablets With Improved Gi Absorption, Journal of Drug
Delivery & Therapeutics. 2017; 7(1):49-59.

Mohammed Gulzar Ahmed*, Sanjana. A and Vinay C.H. Formulation And Evaluation Of Gastro
Retentive Floating Tablet Of Rosuvastatin, ejpmr, 2016,3(4), 492-496.

Navjot Kanwar, Rakesh Kumar, Amita Sarwal & V. R. Sinha., Preparation and evaluation of floating
tablets of pregabalin, Drug Development and Industrial Pharmacy 2016, 42,(4).

D. Nagendrakumar, G. Keshavshetti and Bhagyashri Patil, Emerging trend in gastroretentive floating
tablets technology of Ranitidine hydrochloride, Journal of Chemical and Pharmaceutical Research, 2015,
7(4):262-270.

Mahajan Ashwini, Dr. Sarode S. M. , Prof. Sathe B.S. , Dr. Vadnere G.P., formulation and in-vitro
Evaluation of gastroretentive Drug delivery system for Nevirapine, International Journal of Pharma
Sciences and Research, 2015,6(5),823-829.

Patil Bhupendra S., Dr. Jain Paragl, Dr. Sarode Surajj1, Mr. Sathe Bhushankumarl, Mr. Jain Bharat1, Dr.
Vadnere G.P.1 Formulation And Evaluation Of Sustained Release Floating Tablet Of Famotidine,2014:
3(4), 1231-1248.

Rushikesh K, Mahesh P, Shivraj S, Shubhangi J; formulation and evaluation of sustained release floating
Mucoadhesive tablet of nizatidine 1JPRBS, 2014; 3(3):112-122

K. Kavitha*, Narendra Chary T., G. Rajesh, S. Ramesh, S. Shivaleela, P. Lavanya and Premalatha.,
formulation and evaluation of ranitidine Floating tablets, international journal of pharmaceutical, chemical
and biological sciences, 2013, 3(3), 761-766

17



