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floating tablets.

INTRODUCTION

The oral route of administration still persist to be the most
prefer route due to its assorted advantages comprise ease of
ingestion, pain averting, adaptability and most importantly
patient conformity. Out of them the most popular dosage forms
being tablets and capsules [1,2]. Tablets are the solid dosage
forms usually prepared with the aid of suitable pharmaceutical
excipients [2].

Floating drug delivery systems are those systems having
a bulk density less than that of the gastric fluids and thus these
systems remain buoyant for a prolonged period of time in the
stomach without being affected by the gastric emptying rate.
The drug is released slowly at the desired rate from the system
and after release of the drug the residual system is emptied
from the stomach [3]. Most of the floating systems previously
reported are single unit systems such as tablets and capsules.

Helicobacter pylori infection is the causative organism
in chronic active gastritis, duodenal ulcers and gastric
adenocarcinoma [4]. This bacterium is highly adapted for
colonization in the human stomach; the majority of these
bacteria are free living in the gastric mucus layer although
about 20 % is in close contact with epithelial cells [5].
Antimicrobial resistance, patient’s poor compliance with the
antibiotic regimen and drug-related side effects are said to be
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the major problems with eradication of H. pylori [6].
Clarithromycin is a new semi-synthetic antimicrobial 14-
membered macrolide exhibiting a broad in vitro antibacterial
spectrum. Clarithromycin appears to have more activity against
Mycoplasma pneumoniae and Chlamydia trachomatis. Further-
more, clarithromycin (in combination with its microbiolo-
gically active metabolite, 14-hydroxyclarithromycin) has shown
an additive or even synergistic activity against Haemophilus
injluenzae, a species that often is resistant of intermediate
susceptibility to erythromycin. 14-Hydroxy-clarithromycin
itself is twice as active as the parent compound [7].

EXPERIMENTAL

Clarithromycin, Gum Acacia (Loba Chem, Mumbai)
HPMC K15 M (Loba Chem, Mumbai), sodium bicarbonate
(Loba Chem, Mumbai), PVP K30 (Loba Chem, Mumbai),
lactose (Loba Chem, Mumbai), magnesium stearate (Loba
Chem, Mumbai) and talc (Loba Chem, Mumbai) all ingredients
were of analytical grade.

Preparation of floating granules by wet granulation
technique: All ingredients were weighed and mixed using the
geometric dilution technique except magnesium stearate and
talc. Resulting mixture was granulated using PVP K-30 within
isopropyl alcohol. Finally wet coherent mass were passed
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TABLE-1
COMPOSITION OF CLARITHROMYCIN FLOATING TABLETS

Ingredients (mg) CF1 CF2 CF3 CF4 CF5 CF6
Clarithromycin 250 250 250 250 250 250
Gum Acacia 40 40 40 40 70 70
HPMC K15 M 20 40 30 30 20 40
Sodium bicarbonate 20 20 10 30 10 10
PVP K30 15 15 15 15 15 15
Lactose 70 50 70 50 60 40
Magnesium stearate 15 15 15 15 10 10
Talc 15 15 15 15 10 10
Total weight (mg) 450 450 450 450 450 450

through a sieve no. # 16 to get uniform granules and then
dried in thermostatic hot air oven at a temperature of 60 °C;
finally sieved through sieve no. #20/44 sieves. Resulting dried
granules were mixed with sodium bicarbonate used as a gas-
generating agent. Then, homogeneously blended mixture of
magnesium stearate was added as 2 % and compressed with
the 13.7 mm flat punch in rotary tablet press [8-11]. Tablets
having different compositions (Table-1) were prepared accor-
dingly.

Evaluation of pre-compression parameters of powder
mixtures: Pre-compression parameters: bulk density, tapped
density, angle of repose and Carr’s index were measured as
according to the reported method [12].

Evaluation of the post-compression parameters:
Compressed tablets were characterized for weight variation,
crushing strength, diameter, thickness and friability as follows:

Weight variation: The weight variation test was conducted
by weighing 20 randomly selected floating tablets individually
[13]. The average weight and standard deviation were calculated.

Diameter and thickness for tablets: The diameter and
thickness of ten randomly selected floating tablets from each
formulation were measured with a vernier caliper scale. The
average and standard deviation were reported [14].

Crushing strength/hardness test: Crushing strength of
the floating tablets was determined using the tablet hardness
tester. Hardness was determined using six tablets from each
formulation and crushing strength that just caused the tablet
to break was recorded [1]. The average of six records expressed
in Newton was used.

Friability test for tablets: Friability test was carried out
by using Roche friability tester [15].

Content uniformity test: Twenty tablets were randomly
weighed and crushed using mortar and pestle and equivalent
weight about 100 mg was dissolved in 10 mL methanol in a
100 mL volumetric flask and allowed to stand for 10 min.
Then, 0.1 N HCl with 1 % SLS solution was added and volume
was made up to 100 mL which was then filtered through
Whatmann filter paper # 41. 5 mL of this resulting solution
was further diluted to 100 mL with 0.1 N HCI with 1 % SLS
solution. The absorbance was taken in UV-visible spectro-
photometer at Am. 223 nm using 0.1 N HCI with 1 % SLS
solution as blank and the drug concentration in each tablet
was calculated, after suitable dilution. The drug content in each
tablet was compared to the label claim [14,16].

Floating lag time and floating duration: Floating lag
time is the time required by tablets to emerge at the surface

when introduced in the dissolution medium and floating
duration is the duration for which it remained buoyant. It was
determined using a 0.1 N HCl filled (250 mL) in glass beaker
[6,17,18].

in vitro floating studies: The in vitro buoyancy was
characterized by floating lag time and total floating time. The
test was performed using a USP dissolution apparatus type-II
(basket) using 900 mL of 0.1 N HCI buffer solution at 100
rpm at 37 £ 0.5 °C. The time required for the formulation to
rise to the surface of the dissolution medium and the duration
for which the formulation constantly floated on the dissolution
medium were noted as floating lag time and total time, respec-
tively [18,19].

in vitro Buoyancy studies: To study the in vitro buoyancy,
an effervescent approach was adopted. Sodium bicarbonate
was added as a gas-generating agent. As the dissolution
medium (0.1 N HCI) got imbibed into the tablet matrix, the
acidic fluid interacted with Sodium bicarbonate resulting in
the generation of CO,. The generated gas was entrapped and
protected within the gel, formed by the hydration of polymer
and gum acacia and thereby decreased the density of the tablet
[20].

Drug release data were analyzed according to zero order,
first order, Higuchi, Hixon-Crowell, Peppas and Weibull kinetic
equations [10]. DDSolver, an add-in program for Microsoft
Excel, for modeling and comparison of drug release profiles
was used [12]. The model with the highest coefficient of
determination (R*) was considered to be the best fitting one.

Water-uptake study: The swelling of polymers was
measured by their ability to absorb water and swell. The water
uptake study of the tablet was done using a USP dissolution
apparatus type-II (basket) in 900 mL of pH 1.2 hydrochloric
acid buffer at 100 rpm. The medium was maintained at 37 +
0.5 °C throughout the study. At regular time intervals, the
tablets were withdrawn, blotted to remove excess water and
weighed. Swelling characteristics of the tablets [21,22] were
expressed in terms of water uptake (WU) as:

Weight of swollen tablet — Initial weight of tablet »

WU (%) = 100

Initial weight of tablet

The swelling of polymers used could be determined by
water uptake of the tablet. The per cent swelling of the tablet
was determined at different time intervals.

in vitro release profile: Release of the prepared tablets
was determined up to 9 h using U.S.P. II (type II) dissolution
rate test apparatus. Nine hundred mL of 0.1 N HCI was used
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as dissolution medium. The rotation of paddle was fixed at
75 rpm and the temperature of 37 + 0.5 °C was maintained
throughout the experiment. Samples of 1 mL were withdrawn
at known time intervals and were replaced with same volume
of fresh dissolution media after each withdrawal. The samples
were analyzed spectrophotometerically for drug contents on
double beam UV/visible spectrophotometer (Shimadzu UV-
1700) at 223 nm. The results in the form of per cent cumulative
drug released [7,12,14,20].

RESULTS AND DISCUSSION

Pre-compression parameters of powder mixtures: The
angle of repose of the powder mixture for all formulations
(CF1-CF6) ranged from 22.50 to 26.30 (Table-2) indicating
excellent flow properties [23,24]. Bulk and tapped density of
the powder mixture for all formulations varied from 0. 3417 to
0.5437 g/cm’® and from 0.3941 to 0.5502 g/cm’, respectively
(Table-2). Compressibility indices ranged from 14.15to 18.91.
The results of flow properties are acceptable for granules [25].
The values of compressibility indices further confirmed the
good compressibility of the prepared granules [13].

TABLE-2
PRE-COMPRESSION PARAMETERS OF POWDER MIXTURES
Formula  Angle of Bulk density g:ggfs ; Carr’s
code repose (0) (g/mL) (g/mL) index (%)
CF1 22.50+1.21 0.3417+£0.024 0.4214+0.025 18.91+0.87
CF2 24.62+1.34 0.5218+0.039 0.4336+0.072 14.15+0.79
CF3 22.32+1.64 0.3321+£0.061 0.3941+0.074 16.29+1.32
CF4 24.03+1.25 0.4129+0.062 0.4457+0.035 15.81+0.43
CF5 25.07+1.25 0.4652+0.042 0.5156+0.045 15.43+0.41
CF6 26.30+1.31 0.5437+0.025 0.5502+0.010 14.59+1.37

Post-compression parameters for tablets: Concerning
appearance, the floating tablets were whitish-buff or white in
colour, all were round concave, with smooth surface in both
sides and no visible cracks were observed.

The mean diameter of floating tablets was 4.0 + 0.0 mm
while mean thickness ranged from 4.0 to 4.2 mm (Table-3).
Mean hardness was in the range of 4.4-6.1 Kg/cm” (Table-3)
indicating that the floating tablets are of sufficient strength to
withstand physical abrasion [26]. The percentage friability for
all formulations was less than 1 % which is an indication of
satisfactory mechanical resistance of the floating tablets
[13]. The formulated tablets showed no evidence of capping,
cracking, cleavage or breaking after being removed from the
friabilator. The percentage of mean drug content ranged from

95.7-98.3 % which met the standard pharmacopeial require-
ments (90-110 %) [27]. Since the mixtures of powders used
were free flowing, the obtained floating tablets were of uniform
weight due to uniform die fill. The mean weight of formulated
tablets was 450 + 0.0 mg, (n = 20). The USP specification is
generally = 5 % [22]. This means that no difference was
observed in the weight of individual floating tablets from the
labeled weight indicating uniformity of weight.

in vitro buoyancy test: In present study, the floating
system employed sodium bicarbonate and citric acid in an
optimized ratio (2:1) as gas forming mixture [28]. This ratio
was used in order to provide the shortest possible floating
lag time and floating duration of up to 24 h (Table-4). Sodium
bicarbonate induced effervescence that leads to pore formation
and consequently, rapid hydration of the floating tablets matrices
thus enhancing their floating ability [29]. Floating lag time
for the formulation was found to be 35-95 s. Effect of sodium
bicarbonate on onset and duration of floatation of floating
tablet containing clarithromycin showed onset and dutration
of floating ranges from 32-92 s and 16-24 h, respectively
(Table-4).

TABLE-4
EFFECT OF SODIUM BICARBONATE ON ONSET AND
DURATION OF FLOATATION OF EFFERVESCENT
FLOATING TABLET OF CLARITHROMYCIN

Amount of sodium Onset of Duration of

bicarbonate (mg) floating* (s) floating™ (h)
10 92 +3.86 16 = 0.81
20 62 +2.96 21 +0.36
30 32 +2.50 24 +0.69
40 27 +0.05 18 £0.75

*Standard deviation, n = 3

Consequently, faster and higher swelling of the tablet led
to an increase in the dimensions of the tablet, leading to
increasing the gel barrier and thus decreasing diffusion rates
[30-32]. So the drug release was found to be high initially and
then gradually decreased, this was true especially in CF4. The
swelling behaviour of tablet from O min to 8 h is shown in
Fig. 1. However, there was no significant difference observed
in the swelling property by varying the concentration of sodium
bicarbonate. The drug release was found to be high initially
and then gradually decreased this was true especially in CF4.

in vitro Release profile: The release profiles of clarithromycin
from floating tablets are shown in Fig. 2. Concerning effer-
vescent formulations CF1, CF3 and CF5: Formula CF1
exhibited burst release since about 30 % drug released in 1 h.

TABLE-3
POST-COMPRESSION EVALUATION OF FLOATING TABLETS
Batch Weight variation Hardness* Friability * ; Con.tent Thickness* Flogting lag*

(mg) (Kg/cm?) uniformity* (%) (mm) time (s)
CF1 450.25 +0.83 4.6 £0.18 0.57 £0.17 99.35 £0.93 4.0 +048 62+1.3
CF2 450.76 = 0.19 6.1 £0.30 0.34 +0.37 98.45 +0.53 4.1 +£0.56 66 +2.2
CEF3 450.78 + 0.64 5.5+0.62 0.30 = 0.06 99.21 £0.76 4.1 £0.68 90+ 1.7
CF4 450.39 +0.36 5.8+0.23 0.38 +£0.34 96.53 +0.36 4.1+0.77 3515
CF5 450.38 +0.59 4.8 = 0.64 0.55 +0.86 100.01 = 0.64 4.0 £ 0.68 89+ 1.6
CF6 450.34 + 0.49 4.6 =£0.76 0.59 = 0.76 102.03 = 0.52 4.2 +0.59 95 +2.7

(*n=3)
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TABLE-5
DRUG RELEASE KINETICS FOR FLOATING TABLETS
Batch Korsmeyer-Peppas Matrix Mechanism of Relegse
n R? k R? k drug release kinetics
CF1 0.3771 0.9981 31.1077 0.9811 24.7943 Fickian Peppas
CF2 0.5737 0.9981 15.1110 0.9950 17.3367 Non-Fickian Peppas
CF3 0.5714 0.9975 17.8613 0.9966 20.3088 Non-Fickian Peppas
CF4 0.5675 0.9981 12.6702 0.9956 14.3660 Non-Fickian Peppas
CF5 0.5380 0.9948 20.8757 0.9967 22.3909 Non-Fickian Matrix
CF6 0.6997 0.9868 16.2306 0.9775 23.3020 Non-Fickian Peppas
6007 ding to the model-dependent methods, zero order, first order,
Higuchi model, Korsmeyer-Peppas model, Hixson-Crowell
model and Weibull equation. Criteria for selecting the most
500 . ..
appropriate model was based on best fit indicated by the value
of coefficient of determination (R?) nearer to 1 [11].

400 Concerning CF1, CF2 and CF4 the highest values of
S R? were obtained after fitting the data into Peppas equation.
% The value of n allows the release to be characterized as either
S 3007 Fickian diffusion n < 0.5, anomalous diffusion (non-Fickian)
% (0.5<n<1)orzero-orderrelease (n=1) [11,12]. The n values
= for CF2 and CF4 were 0.57 and 0.56, respectively (Table-5)

200 .. . . c .

indicated that anomalous diffusion (non-Fickian) refers to a
combination of both diffusion and erosion controlled-drug

1004 release [21]. Whereas, the value of n in case of CF1 (n = 0.37)

revealed a Fickian diffusion mechanism of formulated floating
tablets.
OT~CFr1 T cFr2 T CF3 ' CF4 T CF5 ' CF6 Conclusion
Formulations
Fig. 1. Effect of various concentrations of ingredients on swelling index The clarithromycin floating tablets, HPMC K15 M floating-
of floating tablets of clarithromycin at the end of 8 h tablet formulation (CF1) offered controlled release along with
floating lag time < 1 s and total floating time > 24 h. The

907 optimized formula (CF1) showed the absence of interaction

807 between drug and the used polymer/additives which confirmed
- 797 the compatibility among its ingredients. in vivo studies can
% 60 provide a definite proof that prolonged gastric residence could
§ 50 be obtained. Thus, the studied can be studied for the in vivo
© 40 —— CF1 correlation to study retention of tablet in the stomach of the
2 301 —&-CF2 volunteer over the tested period providing localized drug
e 20 : 83 release.

101 —+—=CF5

0 . T . [ ‘ =~ CF6 REFERENCES
0 2 4 6 8 10 12 14

Time (min)

Fig. 2. in vitro drug release from clarithromycin floating tablets

Whereas, formulae CF3 and CF5 released 17 % and 21 %
clarithromycin, respectively in 1 h. The initial burst effect for
CF1 could be due to rapid dissolution of the drug from the
surface while the HPMC K15M undergoes hydration to form
a protective gel layer [33,34]. Concerning effervescent formu-
lations CF2, CF4 and CF6. Formula CF2 exhibited burst release
since about 15 % drug released in 1 h. Whereas, formulae
CF4 and CF6 released 12 % and 15 % clarithromycin, respec-
tively in 1h.The addition of polymer PVP K30 in the matrix
decreased the drug release in the acidic medium by forming
an insoluble mass that acts as a barrier to drug diffusion [35]
and consequently, the initial burst effect was decreased.

The release kinetics of clarithromycin from floating tablets
can be obtained from in vitro release data were treated accor-
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