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ABSTRACT

Floating matrix tablets of losartan potassium were developed with an aim to prolong its gastric residence time and
increase the bioavailability of drug. Rapid gastrointestinal transit could result in incomplete drug release from the
drug delivery system above the absorption zone leading to diminished efficacy of the administered dose. The tablets
were prepared by wet granulation technique, using polymers Methocel K15 and Methocel K100 in combination with
other standard excipients. Sodium bicarbonate was incorporated as gas generating agent. The effects of sodium
bicarbonate and polymers on drug release profile and floating properties were investigated. It was found that
viscosity of Methocel K15 and Methocel K100 along with sodium bicarbonate had significant impact on the release
and floating properties of the delivery system. The decrease in the release rate was observed with an increase in the
viscosity of the polymeric system. Polymer with high viscosity Methocel K100 was shown to be beneficial than low
viscosity polymer Methocel K15 in improving the floating properties of gastric floating drug delivery system
(GFDDS). The observed difference in the drug release and floating properties of GFDDS could be attributed to the
difference in the basic properties of two polymers, Methocel K15 and Methocel K100 due to their water uptake
potential and functional group substitution. The release mechanism were explored and described with zero-order,
first-order and Korsmeyer-Peppas equations. The drug release profiles and buoyancy of the floating tablets were

stable when stored at 40°C/75% RH for 6 months.

.
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INTRODUCTION

Drug biodisponibility is a crucial fact in therapeutic
effectiveness. One of the essential factors is the
residence time of the drug at the absorption site.
Over the last two decades, numerous gastroreten-
tive dosage forms have been designed to prolong
gastric residence time. They may be broadly
classified into: high-density (sinking) systems, low-
density (floating) systems, expandable systems,
superporous hydrogel
systems and magnetic systems. They enable oral

systems, mucoadhesive

therapy by drugs with a narrow absorption window
in the upper part of the gastrointestinal tract or
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drugs with a poor stability in the colon. Further-
more, the drug can act locally within the stomach
and prolonged intimate contact with the absorbing
membrane increases efficacy (Gro et al., 1984; Moes
et al., 1993; Deshpande et al., 1996).

Oral delivery of drugs is by far the most preferable
route of drug delivery. However, this route has
several physiological problems, including an
unpredictable gastric emptying rate, a brief gastro
intestinal transit time and the existence of an
absorption window in the upper small intestine for
several drugs (Agyilirah et al., 1991). Unpredictable
gastric residence time of a controlled release dosage
form leads to interest in targeting and retaining the
dosage form in the stomach for a prolonged period
of time (Ali et al., 2007). Drug absorption from the
gastro intestinal tract is a complex procedure subject
to many variables. It is widely acknowledged that

the extent of gastro intestinal tract drug absorption
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Table 1: Composition of floating tablets of losartan potassium.

F1 F2 F3 F4 F5 F6 F7 F8
50 50 50 50 50 50 50 50

Ingredients (mg)

Losartan potassium

Methocel K15 80 100 80 100 - - - -

Methocel K100 - - - - 80 100 80 10C
Sodium bicarbonate 30 30 40 40 30 30 40 40
Citric acid 15 15 15 15 15 15 15 15
PVP K30 50 50 50 50 50 50 50 50
Lactose 35 15 25 05 35 15 25 05
Magnesium stearate 10 10 10 10 10 10 10 10
Talc 10 10 10 10 10 10 10 10
Weight of tablets 280 280 280 280 280 280 280 28C

is related to contact time with the small intestine
mucosa (Arora et al., 2005).

Drugs that have narrow absorption window in the
gastro intestinal tract will have poor absorption
window. For these drugs gastrointestinal drug
delivery offer the advantage in prolonging the
gastric emptying time (Arza et al., 2009). Gastro
retentive controlled release systems are widely used
for controlled drug administration. These systems
are attractive approaches from an economic as well
as process development point of view (Pablo ef al.,
2008). The gastroretentive drug delivery systems
can be retained in the stomach and assist in improv-
ing the oral sustained delivery of drugs that have an
absorption window in a particular region of ga-
strointestinal tract (Jaimini et al., 2007).

Gastro retention helps to provide better availability
of new products with new therapeutic possibilities
and substantial benefits for patients (Chandel et al,
2012). Various approaches that have been reported
in the literature for the formulation of gastroreten-
tive systems: mucoadhesion, (Ponchel et al., 1998;
Lanerts et al., 1990) flotation, (Deshpande et al.1997)
sedimentation, (Rednick et al., 1970; Davis et
al., 1986) expansion (Urguhart et al., 1994; Mamajel et
al., 1980) and modified shape systems (Fix et al.,
1993; Kedzierewicz et al., 1999). Both single unit
systems and multiple unit systems have been
reported in the literature (Bechgaard et al., 1978).
Floating drug delivery systems also called hydro-
dynamic balanced system is an effective technology
to prolong the gastric residence time in order to
improve the bioavailability of the drug (Bardonnet
et al., 2006). This technology is suitable for drugs
with an absorption window in the stomach or in the
upper part of the small intestine, drugs acting

locally in the stomach and for drugs that are poorly
soluble or unstable in the intestinal fluid (Rouge et
al., 1996, Umamaheshwari et al., 2003).

Losartan potassium is a potent, highly specific
angiotensin II type 1(AT 1) receptor antagonist with
antihypertensive activity. It is readily absorbed from
the gastro intestinal tract with oral bioavailability of
about 33% and a plasma half-life ranging from 1.5 to
2.5 hour (Goldsmith et al., 1978). Floating matrix
tablets of losartan potassium were developed to
prolong gastric residence time, leading to an
increase in drug bioavailability.

MATERIALS AND METHODS

Losartan potassium was provided as a kind gift
from Cadila Pharma, Ahemdabad, India. Methocel
K15 and Methocel K100 were received as a gift
sample from Colorcon Asia Pvt. Ltd. Mumbai, India.
Polyvinyl pyrrolidine K30 (PVP K30), lactose and
talc were purchased from E Merck (India) Ltd,
Mumbai. Magnesium stearate, sodium bicarbonate
and citric acid were purchased from SD Fine Chem.
Ltd. Mumbali, India. All other ingredients used were
of laboratory grade.

Preparation of the losartan potassium floating tablets
All the ingredients (except glidents and lubricant) as
shown in Table 1 were weighed separately, mixed
thoroughly in poly bag for 10 minutes to enusure
uniform mixing and the mixture was passed through
sieve no.60. Granulation was done with a solution of
calculated quantity of PVP K30 in sufficient isopropyl
alcohol. The wet mass was passed through sieve no.
12, and dried at 45-55°C for 2 hours. The dried
granules were sized by sieve no. 18 and mixed with
magnesium stearate and talc. The blend thus ob-
tained was compressed (8 mm diameter, flat
punches) using a single station compression machine
(Cadmach, Ahmedabad, India).

Flow properties of granules

Angle of repose was determined using fixed funnel
method. A glass funnel is held in place with a clamp
on a ring support over a glass plate. Approximately
1lgm of power is transferred in to funnel keeping the
orifice of the funnel blocked by the thumb. When
the powder is emptied from funnel, the angle of the
heap to the horizontal plane is measured.
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Granules were poured gently through a glass funnel
in to a graduated cylinder cut exactly to 10 ml mark.
Excess granules were removed using a spatula and
the weight of the cylinder with pellets required for
filling the cylinder volume was calculated. The
cylinder was then tapped from a height of 2.0 cm
until the time when there was no more decrease in
the volume. Bulk density (ob) and tapped density
(ot) were calculated. Hausner ratio (Hr) and Carr
index (Ic) were calculated according to the equations
given below (Sinha et al., 2005):

H, =2t
Pb
Ic :(pt _pb)

Post compressional
floating tablets

The prepared tablets were tested as per standard
procedure for weight variation (n=20), thickness
(n=20), hardness (n=6), friability and drug content.

studies of the prepared

Thickness of the tablets was measured by digital
micrometer; hardness of tablet was determined by
using tablet hardness tester (EH-01, Electrolab,
Mumbai); friability test was conducted using Roche
friabilator (L.P., 1996; Banker et al., 1987; Rosa et al., 1994).

For estimation of drug content, ten tablets were
randomly selected and powdered. A quantity of
powder equivalent to 50 mg of losartan potassium
was accurately weighed and transferred into a
volumetric flask and dissolved in 100 ml of 0.1N
hydrochloric acid (HCI). The flask was shaken on a
flask shaker for 24 h and the solution was filtered
through 0.45p membrane. 1 ml of the above solution
was transferred to a volumetric flask and diluted
suitably with 0.IN HCI. The absorbance of resulting
solution was measured at 254 nm using UV/visible
spectrophotometer.

In vitro buoyancy study

The in vitro buoyancy was determined as per the
method described by Rosa et al. The test was
performed by placing each of the tablets in a 250 ml
beaker, containing 200 ml of 0.IN HCl with Tween
20 (0.02% w/v), pH 1.2, maintained at 37+0.5°C. The
time between introduction of the dosage form and
its buoyancy on the 0.IN HCI (lag time) and the
time during which the dosage form remains

buoyant (total buoyancy time) were determined
visually (Rosa et al., 1994).

In vitro dissolution study

The release rate of losartan potassium from floating
tablets was determined using United States Pharma-
copeia (USP) 24 Dissolution Testing Apparatus 2
(paddle method). The dissolution test was per-
formed using 900 ml of 0.1N HCI, at 37+0.5°C and
75 rpm. A sample (5 ml) of the solution was with-
drawn from the dissolution apparatus hourly and
the samples were replaced with fresh dissolution
medium. The samples were filtered through a 0.45
membrane filter and diluted to a suitable concentra-
tion with 0.1N HCIL. Absorbance of these solutions
was measured at 254 nm using a UV/Vis double-
beam spectrophotometer. Cumulative percentage
drug release was calculated using an equation
obtained from a standard curve.

Stability study

To assess the drug and formulation stability,
stability studies were done according to Interna-
(ICH)
guidelines. The floating tablets were stored at
40+2°C/75+5% relative humidity (RH) in closed
high-density polyethylene bottles for a period of 6
months. Tablets were analyzed at specified time

tional Conference on Harmonisation

intervals for the drug content, in wvitro dissolution
and buoyancy behaviour. The differences in
parameters from floating tablets were evaluated
using unpaired t-test. In t-test, a probability value of

p <0.05 was considered to be statistically significant.

RESULTS AND DISCUSSION

Flow properties of granules

The granules prepared for the formulation of
floating tablets were evaluated for angle of repose,
Carr's index and Hausner ratio. Angle of repose
ranged from 24.34 to 27.36 with Methocel K15 and
22.63 to 28.29 with Methocel K100, Hausner ratio
ranged from 1.12 to 1.24 with Methocel K15 and 1.12
to 1.21 with Methocel K100, Carr’s index ranged
between 11.79 to 14.53 with Methocel K15 and 13.55
to 15.36 with Methocel K100. These results indicate
good flow property of the granules.
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Table 2: Physico-chemical characterization of floating tablets of losartan potassium.

Thickness Average Hardness R Drug Content Floating Lag Total Floating
Code (mm) Weight (mg)  (kg/em?)  LHability o) ablen time (s) Time (h)
F1 4.38+0.001 279+1.25 4.75+0.000 0.642 +0.000 49.570+0.035 56.0+0.14 8.00+0.09
F2 4.40+ 0.005 277+2.07 4.50+0.001 0.451+0.001 49.757+0.015 67.5+1.13 9.30+0.06
F3 4.39+0.008 279+1.18 5.25+0.002 0.672+0.001 49.991 +0.025 42.5+1.06 7.30+0.08
F4 4.38+0.005 278+2.05 4.50+0.002 0.730+0.000 49.970+0.045 59.0+0.21 8.50+0.04
F5 4.40+0.003 277+1.32 4.75+0.001 0.582+0.000 49.247+0.045 89.6+0.32 11.50+0.07
Fé6 4.38+0.002 279+1.20 4.25+0.001 0.704+0.001 49.190+0.068 80.4+0.50 14.20+0.04
F7 4.40+0.001 278+3.07 5.25+0.002 0.455+0.000 49.835+0.045 52.8+0.15 10.50+0.02
F8 4.39+0.003 279+2.18 4.75+0.000 0.681+0.000 49.139+0.047 48.0+1.11 13.20+0.37

Physicochemical characterization of floating cy. Sodium bicarbonate and citric acid was added as

tablets of losartan potassium

The purpose of this study was to investigate the
influence of sodium bicarbonate on the physico-
chemical properties of sustained release floating
tablets containing Methocel K15 or Methocel K100.
The resulting formulations produced tablets with
acceptable physical properties (Table 2). The
thickness of floating losartan potassium tablets was
ranged from 4.38 to 4.40 mm. The weight variation
data of the prepared tablets indicated no significant
difference in the weight of individual tablet from
the average value. All tablets prepared in this study
meet the pharmacopeial requirements for weight
variation tolerance; coefficient of variance was less
than 1%. The hardness was found to be between
4.25 to 5.25 kg/cm? indicating satisfactory mechani-
cal strength. Tablet friability was measured using
friability testing equipment which evaluates tablet
integrity during shipping and handling. The
friability was below 1% which is an indication of
good mechanical resistance of the tablets. Tablet
friability results will show the integrity of the tablet
to withstand mechanical stress during shipping and
handling. Uniformity of tablet thickness and drug
content ensures the individual dose consistency and
reproducibility. The drug content varied between
98.63% to 99.82% in all tablet batches with low
standard deviation indicating content uniformity of
the prepared batches. Consistency in achieving
tablet weight was indication of providing adequate
dose to the patients.

In vitro buoyancy study

Effervescent floating drug delivery was used to
achieve in vitro buoyancy. Floating tablets prepared
using polymers Methocel K15 and Methocel K100
exhibit sufficient swelling to provide in vitro buoyan-

a gas generating agent. Sodium bicarbonate induced
CO:2 generation in the presence of dissolution
medium (0.IN HCI). The gas generated is trapped
and protected within the gel formed by hydration of
polymer, thus decreasing the density of the tablet
(Eyjolfsson et al., 2000). The in wvitro buoyancy of
floating tablets was induced by sodium bicarbonate
and citric acid without compromising the matrix
integrity with the possible shortest bouncy lag time
and buoyancy duration of up to 14h.

All the batches of tablets were found to exhibit short
floating lag times due to presence of sodium
bicarbonate and citric acid. Decrease in the sodium
bicarbonate level increased the floating lag time and
tablets were found to float for longer duration. The
tablets with Methocel K100 were found to float for
longer duration as compared with formulation
containing Methocel K15. The tablets with high
viscosity grade Methocel K100 floated for longer
duration as compared with formulations containing
low viscosity grade Methocel K15. As shown in the
Table 3 that the formulations containing Methocel
K15 shows total floating time from 7.30 h to 9.30 h
while Methocel K100 showed 10.50 to 14.20 h. This
indicates that the viscosity of the gel forming
polymer Methocel influenced the in vitro buoyancy.
Reduction in Methocel level in the formulations
shortened the total floating time. With reference to
buoyancy studies results it can be concluded that
the batch containing Methocel K100 polymers
showed satisfactory total floating time when
compared to batches containing Methocel K15. In
the present study, it was observed that the erosion
rate of the matrices decreased with increase in
polymer viscosity.
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Table 3: Fit of various kinetics models for floating drug delivery systems of losartan potassium.

Code Zero-order First-order Korsmeyer-Peppas
K (mg/h) R? K (h') R? n R?
F1 6.0278 0.9628 2.0024 0.9754 0.7930 0.9824
F2 4.8455 0.9896 2.0204 0.9681 0.7116 0.9958
F3 9.750 0.9702 1.9872 0.9584 0.7678 0.9982
F4 13.824 0.9562 1.9741 0.9397 0.7894 0.9794
F5 8.9429 0.9723 1.9968 0.9586 0.7985 0.9869
Fé6 10.824 0.9740 1.9994 0.9485 0.7892 0.9877
F7 12.879 0.9782 1.9791 0.9547 0.7343 0.9964
F8 12.571 0.9701 2.0014 0.9677 0.7507 0.9853

In vitro dissolution study

The release of losartan potassium from floating
tablets were determined by using six station
dissolution test apparatus 2 (USP, 2004) in 0.IN
hydrochloric acid. The dissolution data of all
batches was fitted to zero-order, first-order, Korse-
meyer-Peppas model to ascertain drug release
mechanism.

Since the pH of the stomach is elevated under fed
condition (~3.5), therefore citric acid was incorpo-
rated in the formulation to provide an acidic
medium for sodium bi- carbonate more over citric
acid has an establishing effect on losartan potassium
formulation. The effect of two different grades of
Methocel in the tablets with sodium bi- carbonate on
the release profile was studied (Dave et al., 2004).

In vitro dissolution studies of all the formulation of
floating tablets of losartan potassium were carried
out in 0.IN HCIL The study was performed and
cumulative drug release was calculated at prede-
termined time intervals (Figure 1). A significantly
higher rate and extent of drug release was observed
from the batches based on Methocel K100 as
compared with Methocel K15. Varying the amount
of Methocel K100 affect the amount of drug release.
Drug release from Methocel K 15 was lesser due to
difference in molecular weight of the two varieties
of Methocel. Methocel K 100, being of high molecu-
lar weight, forms gel of higher viscosity compared
to Methocel K 15. However, due to higher molecular
weight, the polymers chain are bulkier in Methocel
K100 leading to less flexibility and hence more time
is required for polymer solvent interaction and
polymer chain relaxation. Consequently, the poly-
mer chain unwinding is delayed in case of Methocel
K100 compared to Methocel K15, thereby leading to

reduced gelling rate for former, as a result of which
the effective diffusion rate of the drug through the
matrix containing higher percentage of Methocel
K100 is more prone to higher drug release.

It is evident from the in vitro release data that
increase in sodium bicarbonate concentration
increased the release rate and also reduced the
floating time, probably due to of excess carbon

dioxide, disturbing the monolithic tablets.

It was observed that the release of losartan potas-
sium from such formulations increased on
decreasing the proportion of Methocel in the
formulation. Comparing the two different grades of
Methocel, it was found that Methocel K100 pro-
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Figure 1: Comparison of drug release profiles of losartan
potassium floating tablets prepared with polymers
Methocel K15 and Methocel K100.
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vided better release characteristics with total
floating time of 14 h.

The coefficient of regression and release constant
values for zero-order and first-order kinetics,
Korsmeyer-Peppas equation were computed and
are shown in Table 3. The n' value calculated from
Korsmeyer-Peppas model were found to be between
0.7343 to 0.7678 indicating non-Fickian diffusion
mechanism of drug release from floating tablets
(Korsmeyer ef al., 1981). Varying the Methocel grade
increased the n value that is indicative of the release
mechanism from diffusion toward a relaxation and
erosion controlled process. The presence of CO:
bubbles produced after reaction of sodium bicarbo-
nate with the acidic dissolution medium decreases
the drug release rate. The matrix containing sodium
bicarbonate indicates a little more contribution of
relaxation and erosion to release mechanism.

Overall, the release mechanisms from these poly-
mers can be explained as a result of rapid hydration
of the polymers on the surface of the tablets, which
results in a gel or a highly viscous solution sur-
rounding the matrix that restrict water penetration
in to the center. The net result is a reduction of the
rate of drug release as a function of time. From this
study, it can be concluded that the drug release
predominantly follows non-Fickian diffusion. The
dissolution data reveal sustained release of losartan
potassium from the prepared floating tablets.

Stability study

Floating tablets of formulation F6 were subjected to
stability study at 40°C/75%RH. The results do not
show any significant change (p > 0.05) in physical
appearance, hardness, friability, content uniformity,
buoyancy and dissolution behaviour of floating
tablets in comparison with initial values. No visible
changes in the appearance of the tablets were
observed at the end of the storage period and there
was no change in the drug content. For buoyancy
testing, the stored tablets floated on the surface of
media (0.IN HCI) for 14 hours. The losartan potas-
sium release rate from the floating tablets showed
no significant change during storage. Thus, it was
found that the floating tablets of losartan potassium
prepared with sodium bicarbonate and Methocel
polymer were stable under these storage conditions
for at least 6 months.

CONCLUSION

Gastrofloating tablets of losartan potassium were
prepared by direct compression method. The tablets
were prepared with acceptable hardness, consistent
weight uniformity and low tablet friability. Tablets
containing Methocel K100 showed satisfactory
buoyancy charcteristics and longer floatation time. In
vitro release data were fitted to various kinetic models
and drug release predominantly follows non-Fickian
diffusion. The reduction in drug release rate as
polymer content or viscosity increased may be
attributed to stronger gel formation. Overall, this study
concludes that viscosity is a major factor affecting the
drug release and floating properties of FDDS.
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