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ABSTRACT
Objective: The present study involves formulation and evaluation of gastro retentive drug delivery systems of lamotrigine
Methods: Gastro retentive drug delivery systems were prepared by developing buoyancy by usage of effervescent and non effervescent strategies
utilising gas generating materials and low density porous materials respectively. The finished tablets were subjected to floating studies, dissolution
studies, release kinetic studies and stability studies.
Results: The optimized tablets of lamotrigine, F4 showed floating lag time of 30 seconds and total floating time more than 12 hours with in vitro
percentage release of 89.43% at the end of 12hours. The kinetic studies showed that the release was by zero order and is best fit to Peppas model
showing the release by non- Fickian diffusion implying that both diffusion and erosion controlled the drug release. The n value greater than 0.89
indicates super case II transport mechanism which refers to the erosion of the polymeric chain. The optimized formulation when subjected to
stability studies showed no significant differences in drug content and release profile.
Conclusion: This design of the study will be helpful for the spatial and temporal control over the release from the dosage form making the
bioavailability to improvise with better patient compliance.
Keywords: Lamotrigine, Gastro retention, Absorption window, Direct compression, Floating tablet.

INTRODUCTION
Lamotrigine is an atypical anticonvulsant drug which is chemically 3,
5-diamino-6-(2, 3-dichorophenyl)-1, 2, 4-triazine currently used
both in monotherapy and combination therapy in patients with
partial and secondary generalized seizures [1, 2]. Lamotrigine is a
successful molecule to treat epilepsy. However Drug Rash
Eosinophilia and Systemic Symptoms (DRESS) syndrome, StevensJohnson syndrome (SJS) and Toxic Epidermal Necrolysis (TEN) are
caused by unregulated plasma concentrations of the antiepileptic
drug lamotrigine [3, 4, 5, 6]. The percentage of benign skin reactions
ranges between 8% and 11% [7]. The severity of the skin rash range
from simple non symptomatic erythema to severe, life-threatening
Stevens-Johnson’s syndrome [8, 9, 10, 11]. This can be controlled by
formulating lamotrigine as a controlled drug delivery system.
Moreover the drug shows proper absorption profile with maximum
absorption when it is retained between the stomach and the
ascending part of the colon. Lamotrigine shows pH dependant
solubility [12]. The phenomena of improvised absorption with
increased gastric residence time along with pH-dependant solubility
with high solubility at low pH make it suitable for formulation as a
gastro retentive drug delivery system [13].
Lamotrigine has biological half life more than 36 hours but still is
preferred to be formulated as sustained release dosage form
because of less chances of toxicity if the concentration of drug in
plasma is prevented from sudden hiking [14]. Existing formulations
of lamotrigine provide immediate release with t max ranging from
1.4 h to 4.8 h and result into a release profile exhibiting cyclic peaks
and troughs [15]. Gastro retentive drug delivery systems retain in
the stomach for longer duration of time and hence the bioavailability
of the drugs is improved preferentially by letting the drug absorbed
from proximal gastro intestinal tract [16].
MATERIALS AND METHODS
Materials
Lamotrigine was gifted by Dr. Reddy’s labs India ltd, Hyderabad.
HPMCK4M, HPMCE4M and HPMCK100 LV CR were obtained from

Colorcon, Verna, Goa, India as gift samples. Sodium bicarbonate was
purchased from S.D. Fine Chem ltd. Mumbai, India Micro crystalline
cellulose is obtained as a gift sample from SPI Pharma Bengaluru,
India. Porous calcium silicate was gifted by Tomita Pharmaceutical
Co., Ltd. Japan and Zeolite was gifted by R.A. Chem., Hyderabad,
India. Directly compressible lactose was obtained as gift sample
from DMV-Fonterra Excipients, Whitefield, Bengaluru, India. All
other materials used were of analytical grade.
Experimental Methods
Pre formulation study
Prior to formulation of any dosage form it is necessary to undertake
preformulation studies to understand the physic chemical
properties of the drug and the blend to have better idea on what
should be done to overcome the problems in the existing marketed
formulations helping in the design of novel methodologies.
Solubility study [17]
Excess of lamotrigine was added to vials containing solvents and
then the vials were shaken for 48 hours on a rotary shaker and the
solubility was observed by using ultra violet spectrophotometry at
244 nm with relevant dilutions after filtering.
Excipients compatibility study
Any formulation requires suitable excipients to organise the drug
performance and they are needed to be added in proper
proportions. IR spectroscopy was used to know and understand the
selectivity and compatibility of excipients.
Infrared spectrophotometer (IR)
Infrared spectrums were recorded within a range of 4000 to 400cmwavelength region.
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The samples to be tested are compressed into disc by mixing with
potassium bromide in Potassium bromide press and then are
exposed to light in the path and spectrums were obtained [18].
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sieve of mesh number 60, the contents of the poly bag were mixed
thoroughly and then tablets were prepared by direct compression
method using 8 mm diameter standard flat-face punches using
Rimek mini press, M/S: Karnavati engineering, Ahmadabad.,
maintaining a hardness of 5.5 kg/cm2. Tablets of non effervescence
type were also formulated and tableted the same way but by
replacing sodium bicarbonate with either porous calcium silicate or
zeolite as shown in table 1.

Preparation of floating matrix tablets of Lamotrigine
Weighed quantity of lamotrigine and the diluents, microcrystalline
cellulose or directly compressible lactose were sifted through sieve
with mesh number 22 and then taken into a poly bag, HPMC K4M,
HPMC K100LV CR and sodium bicarbonate were passed through
sieve of mesh number 40. The above pre-lubricated blend was mixed
with weighed quantity of magnesium stearate after passing through

Table 1: Composition of Lamotrigine floating matrix tablets
Ingredients

Effervescent type
F1
F2
F3
50
50
50
20
20
20
40
40
40
10
20
30
78
68
58

Lamotrigine
HPMC K100 LV CR
HPMCK4M
HPMC E 4 M
Sodium bicarbonate
Micro crystalline
cellulose
Porous Calcium
Silicate
Zeolite
Directly Compressible
Lactose
Magnesium Stearate
2
2
Total Weight
200
200
HPMC=Hydroxy propyl methyl cellulose

F4
50
20
40
30
0

F5
50
40
20
20
68

F6
50
40
20
30
58

F7
50
10
40
10
20
68

F8
50
20
50
0
20
58

F9
50
20
60
0
20
48

Non Effervescent type
F10
F11
F12
50
50
50
20
20
20
40
40
40
-

F13
50
20
40
-

-

-

-

-

-

-

-

50

50

-

-

-

58

-

-

-

-

-

38

38

50
38

50
38

2
200

2
200

2
200

2
200

2
200

2
200

2
200

2
200

2
200

2
200

2
200

Evaluation of dry Blend

Compressibility index

F1to F13 were evaluated for angle of repose, bulk density, tapped
density, Hausner’s ratio, Carr’s index.

Carr’s Compressibility index of the powder blend was determined by
the formula

Angle of repose [19]
carr s index % =

The powder blend is made to flow through a fixed funnel kept above
the graph paper at a height, h, of 2 centimetres placed on horizontal
surface. Angle of repose can be determined by following equation:
=

Tapped density − loose bulk density
× 100
Tapped density

Hausner’s ratio

-1

Hausner’s ratio can be determined by the following equation,

Where, θ is the angle of repose, h is height of pile; r is radius of base
of the pile.

Hausner s ratio =

Bulk density and tapped density

Tapped density
Loose bulk density

Evaluation of tablet characteristics

2 grams of powder from each formula was filled in a 10ml of
measuring cylinder. After the initial volume was observed, the
cylinder was allowed to fall down its own weight from the hard
surface from a height of 2.5cm at 2 sec Intervals. The tapping was
continued till no change in the volume was observed. Loose bulk
density and tapped bulk density were determined by using the
following formulae.

Evaluation was performed to assess the physicochemical properties
and release characteristics of the developed formulations. Following
parameters were evaluated.
Weight variation [20]
Twenty (20) tablets from each batch were individually weighed in
grams (g) on an analytical balance. The average weight and standard
deviation were calculated and the results were expressed as
compliance or non-compliance of set limits.

Loose bulk density: Weight of the powder/volume of the packing.
Tapped bulk density: Weight of the powder/tapped volume of the
packing.

Weight variation permissible limits
Average weight (mg)
130 or less

% Deviation allowed
10

130-323

7.5

More than 324

5

Tablet hardness [21]

Friability [22]

10 tablets were selected randomly and hardness was measured
using a Monsanto hardness tester in kg/cm2 and the average
hardness and standard deviation was reported.

Twenty (20) tablets were weighed from each batch and were rotated
at 25 rpm for 4 minutes (100 rotations) in the Roche friabilator. The
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tablets were re-weighed after dedusting loss in weight is recorded.
Friability was then calculated using formula.
&' − ()*
%=
× '++
(

Where, Qt = amount of drug released in time, t;
Q0 = initial amount of drug in the solution;
k = first order release constant.

Where, W0 is Weight of tablet before test and Wt
W is Weight of tablet
after test.

Graph: logarithmic value of % drug remained to be released vs. time.

Content uniformity [23]

Simplified Higuchi model can be expressed by following equation:

From each formulation batch ten tablets were collected randomly
and powdered. A quantity of powder equivalent to weight of one
tablet was transferred in to a 100 ml volumetric flask, to this 100 ml
of 0.1N HCL was added and then the solution was subjected to
sonication for about 2 hours. The solution was made up to the mark
with 0.1N HCL. The solution was filtered and suitable dilutions were
prepared with 0.1N HCL. Same concentration of the standard
solution was also prepared. The drug content was estimated by
recording the absorbance at 244 nm by using UV-Visible
UV
spectrophotometer.

Higuchi,

-

/5

1/2

Where, kH = Higuchi diffusion constant;
Qt = fraction of drug dissolved in time, t.
Graph: cumulative % release of the drug vs. square root of time.
Korsmeyer peppas,
0)1

Buoyancy / Floating Test [24]
determin
both floating lag
The in vitro buoyancy was done by determining
time and total floating time. The tablet were placed in a 100-ml,
100
beaker containing 0.1N HCL. The time required for the tablet to rise
to the surface and float was determined as floating lag time and total
duration of time by which dosage form remain buoyant is stated to
be the total floating time.
Water uptake studies [25]
The swelling nature of tablets can be studied by weight gain or
water uptake. The water uptake
ke study of the dosage form was
conducted by using USP dissolution apparatus--II in a 900ml of 0.1 N
HCl which was maintained at 37oC + 0.5oC,, rotated at 50 rpm. At
predetermined intervals the tablets were withdrawn and weighed.
Percentage swelling of the tablet was determined using the formula
%(,

(

()
()

'++

Where, Wt is the weight of the swollen tablet, Wo is the initial weight
of the tablet.

6
6)

/> .

9)1

Where Mt / M0= fraction of drug released at time, t;
km = the rate constant
n = release exponent. The value of n indicates the drug release
mechanism related to the geometrical shape of the delivery system,
if the exponent n ≤ 0.45 indicates Fickian diffusion; 0.45 < n < 0.89
indicates anomalous (non-Fickian)
Fickian) diffusion; n = 0.89 indicates case
II (relaxational) transport and n > 0.89 indicates
i
super case II
transport mechanism. Anomolous diffusion or non-Fickian
non
diffusion
refers to both diffusion and erosion controlled drug release. Case-II
Case
or Super case-II
II transport refers to the erosion of the polymeric
chain.
Similarity factor (f2) [29].
For each dissolution run, a mean of six determinations was recorded
for the reference and test methods both of which were matched for
similarity in drug release profiles by calculating the similarity and
difference factors. A comparison of the similarity
simil
and difference
factors was

Dissolution Study of tablets [26]

Kinetics of in-vitro drug release [27, 28]
To study the release kinetics in-vitro
vitro release data was applied to
kinetic models such as zero-order,
order, first order, Higuchi and
Korsemeyer-Peppas.
Zero-order,

Solubility of lamotrigine in disparate pH
3.5
Concentration (mg/ml)

The tablet was placed inside the dissolution vessel containing 900
ml of 0.1 N HCL. 5ml samples were withdrawn at each interval
replacing with 5ml of dissolution medium after each sampling. The
release studies were conducted with 6 tablets, & the mean values
were plotted versus time. Each sample was analyzed at 244
2
nm
using double beam UV Visible Spectrophotometer.
Spectrophotometer The dissolution
study for marketed formulation was also performed in the same
manner.

2.5
2
1.5
1
0.5
0

It can be represented by the following equation;
-

3

water 0.1N Hcl 4.5pH

-) . /)

6.8pH

7.4pH

Where, Qt = amount of drug released in time, t;
Qo = initial amount of drug in the solution;

Fig. 1: Solubility of Lamotrigine in different pH

k0 = zero order release constant.
Graph: % of drug remained to be released vs. time.
First-order,

Obtained using the formula
72

It can be represented by the following equation;
0)1 -

0)1 -) .

/
2. 4+4

8+

'

9)1 :&' . ∑ <

=

2 ] -0.5

'++?

Rt and Tt are the cumulative percentage dissolved at each of the
selected ‘‘n’’ time points of the reference and test product,
respectively..
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After 90 days the tablets were retested for any physical change or
change in release profile.
RESULTS AND DISCUSSION
Preformulation Studies
Lamotrigine showed pH dependant solubility as observed from the
data as shown in Figure 1.
Drug- excipient compatibility studies by using IR graphs
From the IR spectra, it was found that there is no significant change
in wave number plain drug spectra and spectra of drug with
excipient (as shown in Figure 2). So there is no Drug and excipient
interaction.
Micromeritic properties of drug and excipient blend
Micromeritic properties of pure drug and polymer blend were tested
and the values were as shown in Table 2. Angle of repose for all the
formulations were within the range of 26.9 ± 1.08 to 34.9 ± 1.11
indicating that the flow properties were good. The Carr’s index was
within the range of 8.17 ± 0.77 to 14.94 ± 0.33 indicating good
compressibility. The Hausner’s ratio ranged between 1.08 ± 0.31
to1.15 ± 0.54 showing that the blend showed good flow.
Evaluation of Tablet characteristics

Fig. 2: FTIR Spectra of a) Lamotrigine b) HPMC K4M c) HPMC
K100LV d) Drug polymer blend and e) Formulation F4 Tablet.
Stability study [30]
In present study, stability studies were carried at 400C and 75% RH
for 90 days for optimized formulation. For stability study, the tablets
were placed in desiccators maintained at 75%RH.

The floating tablets of lamotrigine tablets were evaluated for
diameter variation, thickness, hardness, friability, drug content, weight
variation. Weight of the tablet was fixed at 200mg and all batches found
to be showing values within the acceptance limits. Hardness of the
tablets of all batches was within the permissible limit range. The
thickness of floating tablets ranged from 3.00 ± 0.01 to 3.98 ± 0.01 mm
and linearly correlated with the weight of the tablets. Friability test
showed that the values of friability are within the limit. Drug content
uniformity for all formulations was determined and the percent of active
ingredient ranged from 98.45 ± 1.2 to 100.32 ± 2.21 indicating that the
values were within the limits (as shown in Table 3)

Table 2: Micromeritic properties of lamotrigine formulations
Code no.
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13

Bulk density
365.7 ± 0.65
352.6 ± 0.2
357.3 ± 1.01
362.8 ± 0.45
358.1 ± 0.58
353.2 ± 0.46
378.2 ± 0.35
353.9 ±0.26
355.6 ± 0.24
365.2 ± 0.78
369.4 ± 0.63
366.9 ± 0.23
359.8 ± 0.41

Tap density
412.9±0.2
407.4±0.31
405.9±0.24
411.2±0.11
413.2±0.12
414.25±0.5
431.4±0.62
416.1±0.44
410.3±0.21
401.2±0.87
402.3±0.32
405.4±0.24
403.2±0.13

Carr’s compressibility index
11.43±0.5
13.45±0.3
11.97±0.2
11.77±0.14
13.33±0.62
14.73±0.54
12.33±0.22
14.94±0.33
13.33±0.17
8.97±0.81
8.17±0.77
9.49±0.67
10.76±0.38

Hausner’s ratio
1.12±0.68
1.15±0.54
1.13±1.02
1.13±0.73
1.15±0.38
1.17±0.28
1.14±0.66
1.17±0.57
1.15±0.38
1.09±0.85
1.08±0.31
1.10±0.49
1.12±0.62

Angle of repose
30.8±0.3
34.2±0.2
32.3±0.25
32.6±1.02
34.1±0.6
34.9±1.11
34.3±0.54
34.8±0.21
32.6±0.32
27.6±1.15
26.9±1.08
28.4±1.21
29.4±1.45

All values are expressed are average ± SD (n=3)

Buoyancy determination
The floating lag time and total floating time were determined by using
0.1 N Hydrochloric acid. The floating lag time was determined by noting
the time required for the tablet to float from the time of insertion into the
dissolution medium. The floating lag time was in the range of 30 to 110
seconds. The floating lag time and the total floating time values are
represented in table 3 and the floating pictures are shown in figure 3.
Water uptake studies
The swelling index was calculated for 8 hours time. As time increased,
the swelling index increased, because weight gain by tablet was
increased proportionally with rate of hydration. (As represented in
Figure 4). Swelling index for f4 formulation has shown relatively a
higher value than other formulations. The formulations F10 to F13

showed an increase in swelling index initially but later the values
declined abruptly which might be due to the erosion of tablets.
In vitro dissolution testing
Dissolution studies of the tablet formulations were conducted using
0.1N HCL as dissolution medium. In vitro dissolution study of
formulations from F1to F9 with gas generating mechanism and F10
to F13 with porous materials was conducted in 0.1N HCL and the
percent of drug release from formulations were noted. The
formulations F1 to F9 containing HPMC K4 M, HPMC E4M and HPMC
K100LV have entrapped the carbon dioxide released by
effervescence and floated well compared to the formulations F10 to
F13 containing porous materials. More over the non effervescent
type formulations could float soon but could not float well for the
desired period of time and the drug release happened to complete
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by 8 hours. The Drug release was controlled for 12hrs in F4
formulation due to the presence of combination of HPMC K4M and
HPMC K100LV polymers and also shown 89.43 % of drug release.
This formulation also floated for the desired 12 hours time and also
shown very low floating lag time making it to be considered as the

best formulation. In the formulations as the concentration of sodium
bicarbonate increased the floating lag time has decreased. The in
vitro dissolution testing was performed and values were obtained
(as represented in Figure 5, 6) and the results were expressed as
mean ± S.D (n=3).

Table 3: Physicochemical properties of all batches
Formula
code

Diameter
(mm)

Thickness
(mm)

Hardness
(Kg-cm)

Friability
(%)

F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12

7.99 ± 0.040
7.98 ± 0.006
7.99 ± 0.067
7.98 ± 0.070
7.98 ± 0.056
7.98 ± 0.006
7.99 ± 0.067
7.98 ± 0.072
7.98 ± 0.065
7.98 ± 0.057
7.97 ± 0.061
7.98 ± 0.071

3.02 ± 0.01
3.01 ± 0.01
3.02 ± 0.06
3.02 ± 0.01
3.00 ± 0.01
3.12 ± 0.01
3.98 ± 0.01
3.04 ± 0.06
3.02 ± 0.01
3.00 ± 0.05
3.11 ± 0.01
3.01 ± 0.01

5.5 ± 0.47
5.4 ± 0.32
5.4 ± 0.54
5.3 ± 0.42
5.5 ± 0.35
5.5 ± 0.54
5.5 ± 0.54
5.3 ± 0.42
5.4 ± 0.32
5.4 ± 0.30
5.3 ± 0.48
5.3 ± 0.41

0.96
0.72
0.91
0.86
0.79
0.97
0.72
0.72
0.72
0.89
0.94
0.85

Content
uniformity
(%)
98.45 ± 1.2
99.32 ± 1.36
99.24 ± 2.3
98.67 ± 2.7
100.2 ± 1.32
99.65 ± 1.64
98.72 ± 1.47
98.88 ± 1.82
100.32 ± 2.21
98.73 ± 1.24
99.21 ± 1.32
99.67 ± 1.45

F13

7.99 ± 0.005

3.11 ± 0.01

5.4 ± 0.53

0.95

98.53 ± 1.91

Weight
variation
(mg)
248.6 ± 1.29
250.4 ± 0.95
251.6 ± 0.98
251.1 ± 1.37
249.6 ± 1.49
249.5 ± 1.19
250.5 ± 1.19
250.5 ± 1.19
249.5 ± 1.19
249.5 ± 0.98
249.6 ± 1.08
250.8 ±
0.958
249.3 ± 1.01

Floating lag
time (seconds)
110
70
47
30
60
53
117
49
51
21
32
36

Total
floating
time (h)
>12
>12
>12
>12
9
10
8
10
9
6
7
7

38

8

All values are expressed average ± SD (n=3)

In vitro Buoyancy determination

order, and Higuchi and Korsmeyer-Peppas model. For the optimized
formulation F4, the R2 value of zero order is 0.986.
Swelling index of formulation

Swelling index of formulations
100

F1

90

F2
F3

Swelling index

80

F4

70

F5
60

F6

50

F7

40

F8

30

F9

20

F10

10

F11

0

F12
0

5

10 F13

Time (h)
Fig. 3: floating lag time and floating time of F4 formulation
Fig. 4: Swelling index of formulations
Dissolution Profile Modeling
The release mechanism was determined by calculating the R2 value
for each kinetic model viz. Zero-order, First-order, Higuchi, and
Korsmeyer-Peppas corresponding to the release data of
formulations (as shown in Table 4).
The regression coefficient (R2) values of release data of all
formulations obtained by curve fitting method for zero order, first-

The n value of optimized formulation F4 is 0.981 which is nearer to
1 indicating that the drug release mechanism is of non-Fickian
diffusion following super case II mechanism. The f2 value was found
to be 56.99 indicating that the release was similar to marketed
product but was showing zero order release kinetics as shown in
figure7.
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Cumulative % drug release lamotrigine
floating matrix tablet

Cumulative %drug release of lamotrigine
floating matrix tablet
120

120
F1
100

F2
F4

80

F5
60

F6

40

F7
F8

20

% drug release

% drug release

100

F9
0

F10

80

F11
60

F12
F13

40
20

F3
0

5

10

15

0
0

Time (h)
Fig. 5: Cumulative % drug release of formulations F1 to F9
(effervescent type)

5
Time (h)

10

Fig. 6: Cumulative % drug release from Formulations (non
effervescent type) F10-F13

Table 4: Regression coefficient (R2) values for different kinetic models for all formulations
Formulation

First order

Zero order

R2- values
Higuchi

Hixson -Crowell

F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13

0.907
0.899
0.949
0.875
0.853
0.961
0.966
0.946
0.914
0.865
0.806
0.811
0.873

0.976
0.975
0.965
0.986
0.984
0.415
0.485
0.980
0.974
0.922
0.862
0.919
0.915

0.848
0.839
0.938
0.827
0.833
0.929
0.946
0.885
0.868
0.977
0.994
0.978
0.978

0.939
0.933
0.979
0.931
0.925
0.848
0.879
0.975
0.963
0.968
0.954
0.955
0.972

Korsmeyer
Peppas
0.958
0.959
0.991
0.969
0.971
0.978
0.975
0.962
0.966
0.987
0.993
0.988
0.991

n value
0.780
0.786
0.829
0.981
0.989
0.347
0.385
0.859
0.959
0.690
0.569
0.640
0.667

Stability studies

% drug release of marketed and best
(F4)formulation
100
90

CONCLUSION

80
% drug release

Stability studies have shown that there was no significant change in
the drug content, release rate of the drug or buoyancy characters of
the optimized formulation F4 when exposed to 400C at 75% relative
humidity.

70
F4

60
50

markete
d

40
30
20
10
0
0

5

10

15

Time (h)
Fig. 7: Comparison of release from marketed product and F4
formulation

Tablets were prepared and the addition of gel-forming polymer
HPMC (K4M) and gas-generating agent, sodium bicarbonate, and
porous calcium silicate as low-density excipient provided the
buoyancy and drug release. The prepared tablets could float within
3min and maintain for more than 12 h. The formulation F4 gave best
results with a floating lag time of 30 seconds and total floating time
more than 12 hours and also showed good release pattern of the
drug with 89.43% of drug release followed a zero order profile with
greater R2 value 0.986 and n value >0.89 indicating non fickian
diffusion. Floating lag time decreased with increase in sodium
bicarbonate, increase in amount of HPMC K4M and replacement of
microcrystalline cellulose by directly compressible lactose.
Formulated tablets showed satisfactory results for their evaluation
like hardness, weight variation, floating lag time, total floating time,
and in vitro drug release. Finally, it can be concluded that
Lamotrigine with pH dependant solubility and good absorption
window at duodenum makes it a good candidate for the preparation
of floating drug delivery systems.
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