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ABSTRACT

Floating multi-layer coated tablets were formulated based on gas formation. The system consists
of a drug containing core tablet coated with a protective layer (Hydroxy Propyl Methyl
Cdlulose-HPMC), a gas forming layer (sodium bicarbonate) and a gas-entrapped membrane,
respectively. Eudragit RL 30D was chosen as a gas-entrapped membrane due high water
permeability and low CO, permeability. The obtained tablets showed the buoyancy due to the
CO, gas formation and the gas entrapment by polymeric membrane of Eudragit RL 30D. The
effect of formulation variables on floating properties and drug release was investigated. The
floating tablets using direct-compressed cores had shorter time to float and faster drug release
than those using wet-granulated cores. The increased ratio of sodium bicarbonate to HPMC
increased the drug release from the floating tablets while increasing coating level of gas-
entrapped membrane increased floating lag time. Good floating properties and sustained drug
release were achieved. These floating tablets seem to be a promising floating gastroretentive
drug delivery system which can be targeted in stomach to eradicate H.pylori infection.

Keywords: Gatifloxacin, floating, multi-layer coated tablesodium bicarbonate, Eudragit RL
30D, floating lag time

INTRODUCTION

The real challenge in the development of a cordotirug delivery system is not just to sustain
the drug release but also to prolong the presehtteealosage form in the stomach or the upper
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small intestine until all the drug is completelyegsed in the desired period of time [1-2]. The
residence of a drug delivery system in the upper @glathe gastrointestinal tract (GIT) can be
accomplished by several types of gastroretentive dfelivery systems, such as intragastric
floating systems [3-5], swelling and expandableeys [6], bioadhesive systems [7], modified
shape systems [8], high density systems [9], ddlayastric emptying systems [10] and low
density super porous systems [11]. FDDS, alsedddlydrodynamically balanced system, is an
effective technology to prolong the gastric reswetime in order to improve the bioavailability
of the drug. This technology is suitable for drugtan absorption window in the stomach or in
the uppempart of the small intestine, drugs acting locafiythe stomach and for drugs that are
poorly soluble ounstable in the intestinal fluid. FDDS have a bulksitgriower than the gastric
fluid and thus remaibuoyant in the stomach, without affecting the gastnptyingrate for a
prolonged period of time. While theystem is floating on the gastric contents, dhug is
released slowly [12]Gatifloxacin, the model drug for this study, is &methoxyfluoroquinolone
with in vitro activity against a wide range of gram-negative and gvasitive microorganisms.
The antibacterial action of Gatifloxacin results from inhdsit of DNA gyrase and
topoisomerase |V, essential enzymes that are involvéekireplication, transcription, and repair
of bacterial DNA. The recommended adult oral dosagéatiffloxacin is 200mg twice daily or
400mg daily. The solubility of the compound is pH depehdBme maximum aqueous solubility
(40-60 mg/ml) occurs at a pH range of 2 to 5 [13, ThE bioavailability of Gatifloxacin is 96%.

It is one of the drugs with absorption window, so itsnary site of absorption is the stomach
region. Research is also going on the various deli@ppyoaches for GatifloxaciiMotwani et al

[15] has reported nanoparticles for ophthalmic deliventaiaing GatifloxacinAmal et al [16]
has also reported Gatifloxacin biodegradable implant éatrinent of experimental osteomyelitis.
Recently, Gatifloxacin is proved to be one of the potentiabsl against H.pylori infection,
responsible for duodenal ulcers and various cytotoxicplioations. H.pylori resides mainly in
stomach region, specifically in the sub-region of the maadayer in stomach [17]. So it demands
prolonged and constant drug conc. at that particular sieaidicate the infection. This leads to
the formulation of clinically acceptable sustainedasée dosage forms of Gatifloxacin. The
gastroretentive drug delivery systems can be mtiaim the stomach and assist in improving the oral
sustained delivery of drugs that have an absorptiomdaw in a particular region of the
gastrointestinal tract. The local delivery of Gatifloxacin g #pproach will also promote a fast
and effective eradication of H.pylori rather than a cotiveal tablet containing Gatifloxacin.

In this study, a new reservoir-type, multi-layer esbtablet was formulated as a FDDS based on
gas formation. The drug-loaded core tablets werggpeel by direct compression or wet
granulation method and consecutively coated with a @retelayer of HPMC, a gas forming layer
of sodium bicarbonate using HPMC as binder and segaspped membrane. The effect of the
preparative parameters, e.g., core tablet preparatiethods, amount of the gas forming agent
layered onto the core tablets, and coating level ofgdeeentrapped membrane, on the floating
properties and drug release of the floating tablets wealuated.

MATERIALS AND METHODS

Materials
Gatifloxacin was purchased from West-Coast Pharmtgeds Ltd. (Ahmedabad, India), HPMC
(Methocel K4M) was gifted by Colorcon Asia Pvt. LtdGda, India), aqueous colloidal
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polymethacrylate dispersion Eudragit RL 30D wasflasgmple from Roehm Pharma Polymers-
Evonik Industries (Germany). All other ingredientsre of analytical grade and kindly supplied by
Purvi Chemicals (Ahmedabad, India).

Methods:

Formulation of Gatifloxacin floating tablets

The core tablets were prepared by a direct compressr a conventional wet granulation
method. The core components consist of a drug f{@adcin 200 mg per tablet), spray dried
lactose (140 mg per tablet) and microcrystallindutese (140 mg per tablet). For direct
compression, the core tablet excipients were miresl cube mixer for 10 min, followed by the
addition of magnesium stearate (1% w/w) and Aer@klk w/w). The powder mixture was
further mixed for 5 min and was compressed intdetab(diameter, 12.7 mm; biconvex;
hardness, 5 kg/cmaverage tablet weight, 500 mg) using an 8-statimary tablet machine
(Make: Pharmatech, Ahmedabad).

For wet granulation, the core tablet excipientsengeved and mixed in a mortar by geometric
dilution technique. The mixtures were mixed withFPX30 solution as a binder (10% w/w in
distilled water) to obtain damp mass. The damp meassgranulated through sieve No. 14 (mesh
size 1.41 mm) and dried at®Din trey drier for 6 h. The dried granules werssgal through
sieve No. 18 (mesh size 1.00 mm) again and mixel mwiagnesium stearate (1% w/w) and
Aerosil 200 (1% w/w) in the cube mixer for 5 minhd& core tablets (diameter, 12.7 mm;
biconvex; hardness, 5 kg/émaverage tablet weight, 500 mg) were compressét lan 8-
station rotary tablet machine.

Coating of the core tablets

The core tablets were coated with three succes$ayess; an inner protective layer (HPMC), a
gas forming layer (sodium bicarbonate) and a gasyeped membrane layer (aqueous colloidal
polymethacrylate dispersion, Eudragit RL 30D), exsjvely. The protective layer was 5% w/w
HPMC solution plasticized with PEG 6000 (10% w/vséa on the solid content of HPMC). The
coating level of protective layer was 2% w/w. Fasdorming layer, sodium bicarbonate was
incorporated into HPMC solution plasticized with ®B000 (10% w/w based on the solid
content of HPMC) and then layered onto the cordetabOn a dry solid basis, the ratios of
sodium bicarbonate to HPMC were 2.5:10, 5:5 an@.50n/w. The coating level of gas forming
layer was 12% weight gain and the solid contentaating solution was kept constant at 10%
w/w. The coating solution was sprayed onto the daldets in a pan coater (Make: Riddhi,
Ahmedabad). The conditions for layering protectawed gas forming layers were given as
follows: Batch size, 1 kg; preheating temperatus€’C; preheating time, 30 min; inlet
temperature, &€ to 50C; outlet temperature, 38 to 40C; spray rate, 5 ml/min to 10 ml/min.
The layered tablets were further dried in the empthamber for additional 30 min at’80 The
prepared tablets were then removed from the coatwagnber and stored in a closed container
for further experiments. The two-layer coated tebleere subsequently coated with aqueous
colloidal polymethacrylate dispersion (Eudragit RQD) to achieve a weight gain of 5% and
10% w/w to obtain the complete floating tabletsplasticizer (Diethyl phthalate-DEP; 20% w/w
based on polymer solids) was added into the calgilymer dispersions and the dispersions
were gently stirred for at least 30 min prior to appropriate dilution with purified water and
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subsequent coating. The solid content of the cgadispersions was 15% w/ w. The coating
conditions were as follows: batch size, 1 kg; pating temperature, 80; preheating time, 30
min; inlet temperature, 48 to 50C; outlet temperature, 38 to 4PC; spray rate, 5 ml/min to 8
ml/min. The floating tablets were further dried time coating chamber for 30 min after the
coating was finished in order to evaporate thedresdi moisture in the polymeric coatings prior
to storage.

In vitro evaluation of floating ability

6 tablets each containing 200 mg of Gatifloxacimemglaced in 900 ml of 0.1 N HCI in vessels
maintained at 37°C + 0.5°C and stirred at 50 r/inirm US Pharmacopeia (USP) 24 type I
dissolution test apparatus (Make: ELECTRO-DBK, Alatead, India). The floating times were
measured by visual observation.

In vitro drug release studies

The release of drug from the tablets was investjabtudies were performed in triplicate using
a USP 24 type Il dissolution test apparatus withagitation speed of 50 r/min in 0.1 N HCI
maintained at 37°C + 0.5°C. At appropriate timesiaals, the samples were withdrawn and
assayed spectrophotometrically at 292 nm wavelegigtiax) after filtration through Whatman
filter paper and suitable dilutions. The methodglégy in vitro dissolution was kept the same for
all the batches prepared.

RESULTS AND DISCUSSION

Floating mechanism of floating tablets

Fig. 1 shows floating mechanism of the floating titlayer coated tablets. Upon contact with the
acidic medium (i.e. 0.1 N HCI), the fluid permeatetb the gas forming layer through the outer
gas-entrapped membrane. Carbon dioxide was lilwerate neutralization reaction and was
entrapped in the polymeric membrane. Eudragit RD 8)a highly water permeable polymer
according to its hydrophilic content and quaternamymonium groups in the structure [18]. It
therefore hydrated faster and resulted in a fagéesr generation. Consequently, the swollen
tablets with a density less than 1.0 g/ml floated maintained the buoyancy; therefore, the drug
was released from the system. The floating sequehtee floating tablet at different times is
shown in Fig. 2.

Fig. 1 Floating mechanism of a floating multi-layercoated tablet
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A
Fig. 2 Floating sequence in 0.1 N HCI of a floatinghulti-layer coated tablet using direct
compressed core, NaHC@HPMC; 10:2.5 w/w and 5% Eudragit RL 30D. (A: 0 min, B: 2
min, C: 3.5 min, D: after 10 hrs.).

Effect of formulation variables on floating properties and drug release

To obtain the floating tablets which can float ifeav minutes after contact with gastric fluid and
maintain the buoyancy for a long period with sustdi release action, effect of formulation
variables on the floating properties and the delgase such as a core preparation method, an
amount of gas forming agent and a level of gasappd polymeric coating was investigated in
this study.

Core preparation method

The floating tablets using direct-compressed caigaificantly showed shorter time to float

(floating lag time-Table 1) and faster drug rele@iSg. 3). It might be explained by the different

properties of the cores. The direct-compressedsduaid very short disintegration time (less than
1 min) whereas the wet-granulated cores had losigtdgration time (about 85 min). The rapid

disintegration of the direct-compressed cores was td the presence of disintegrating direct
compression filler, microcrystalline cellulose. Thw disintegration of the wet-granulated

cores was attributable to the presence of bindéP(R30).

Table: 1 Floating properties of floating multi-layer coated tablets with diff. Cores and
levels of gas forming agent with gas entrapped caag in 0.1 N HCL (n = 10)

Formulation batches Flo(al\jllir:]gilaSth)lme Total flo(erl]t)lng time
Direct compressed core
NaHCO3;:HPMC,; 10:2.5
» 5% w/w Eudragit RL 30D 4.714 +0.180 8.3
* 10% w/w Eudragit RL 30D 7.217 £ 0177 8.8
NaHCO3;:HPMC,; 5:5
* 5% w/w Eudragit RL 30D 4.698 +0.442 9.1
* 10% w/w Eudragit RL 30D 7.561 + 0.413 9.5
NaHCO3;:HPMC,; 2.5:10
* 5% w/w Eudragit RL 30D 4.840 +0.443 10.1
* 10% w/w Eudragit RL 30D 7.881 £ 0.295 104
Wet granulation core
NaHCO3;:HPMC,; 10:2.5
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* 5% w/w Eudragit RL 30D 4.854 + 0.365 9.4

* 10% w/w Eudragit RL 30D 7.952 +£0.611 9.8

Table 2 % Drug release of various types of core pparation containing NaHCO3z: HPMC,;
10:2.5 with 5% w/w Eudragit RL 30D

Method of % Drug release at every hr
formulation[0] 17 | 2 | 3| 4] 5| 6] 7] 8] 9] 1d 141 12
Direct | o 6.6/ 5701| 82.0| 84.2| 86.4| 90.5| 91.8| 92.7| 93.4| 96.6| 99.4| 102.2
compression
Wet
granulation| © | 120| 22.3| 30.0/41.0/53.4| 60.8| 68.7| 75.1| 811/ 84.5| 89.5| 91.0
120
100
v
Z 20
3
é 60
B0 = irect com pression
- 40
i =l—\Wet grannulation
e 20
o
0
0 2 4 6 8 10 12 14
Time in Hr

Figure: 3 Effect of the core preparation method ofirug release of floating tablets
(NaHCOg3: HPMC; 10:2.5 with 5% w/w Eudragit RL 30D)

Amount of gas forming agent

Here the drug release decreased with decreasilmgafaggas forming agent to HPMC (Fig. 4).
HPMC seemed to play an important role to retardgdrelease. A faster and higher £0
generation caused by increasing of the level areéiscent agent [19] resulted in higher swelling
of polymeric membrane according to a higher gasquee and subsequent faster drug release.
Additionally, the faster drug release from the fiog tablets with higher amount of gas forming
agent is probably explained by their higher pogosit volume inside the polymeric membrane.
This may allow the liquid to dissolve the drug maasily, compared to the lower porosity
generated from the tablets with low amount of afgasing agent.
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Table: 3 % Drug Release of Direct compression batcbontaining various proportions of
NaHCO3; and HPMC (Direct compressed core, 5% Eudragit RL 8D)

Proportion of NaHC®@

0,
and HPMC %o Drug Release at every hr

1 2 3 4 5 6 7 8 9 19 11 12

NaHCG::HPMC;10:2.5 28.3|57.4185.0|1 88.4| 92.5|/95.0] 96.2| 97.4{98.0/ 99.1/ 99.9|101.8

NaHCG;:HPMC;5:5 14.7129.1143.0{57.2| 71.1| 81.5| 84.7| 87.9/ 90.4| 94.1| 98.8| 101.4

olpolo|o

NaHCG;:HPMC;2.5:10 8.5 | 16.8 25.0| 40.2| 58.9| 70.0| 73.7| 78.1| 82.0| 88.6| 95.4| 100.7

120

100 —

2
% 80 -
=
=5
p:.ﬁ 60 - == NaHCO3:HPMC;10:2.5
E == NaHCO3:HPMC;5:5
- a0 -
= NaHCO3:HPMC;2.5:10
=)

20 -

0 '\ T T T T T T 1

0 2 4 6 8 10 12 14
Timein Hr

Fig: 4 Effect of NaHCO; layered onto the core tablets on drug release fromoating tablets
in 0.1 N HCI (Direct compressed core, 5% Eudragit R 30D)

Level of gas-entrapped membrane coating

As expected, the floating lag time was longer withreased coating level of gas-entrapped
membrane (Table 2) and was coated tablets in tHereht extent. The obtained results

suggested that Eudragit RL 30D has a major inflaemt the floating properties of the coated
tablets and indicated the low G@ermeability as gas could be entrapped for lotigem 8 h, in

all cases. However, the influence of the coatinglleon the drug release was less than the
amount of gas forming agent but the floating lagetidepended significantly on the coating

level.

Table: 4 % Drug Release of Direct compression batcbontaining various proportions of
NaHCO3; and HPMC (Direct compressed core, 10% Eudragit RL30D)

Propo;:]lgangNlTIgHC@ % Drug Release at every hr

1 2 | 3] 4 5 6 7 8 9 10 11 12
18.8]| 38.8| 55| 67.1| 79.8|/ 90.0| 92.3| 94.1| 95.0| 97.3| 98.9| 101.8
13.1|124.81 35| 49.2|158.9| 72 | 76.9/84.9| 88 | 92.6/ 96.1| 99.8
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Fig: 5 a)
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Fig: 5 Effect of Gas-entrapped membrane coating lef on drug release (Direct
compression core), a) NaHC@ HPMC; 10:2.5 w/w, b) NaHCGOs: HPMC; 5:5 w/w

CONCLUSION

The system consists of drug-containing core taldessed with a protective layer, a gas forming
layer and a polymeric membrane, respectively. Tbatifig tablets using direct-compressed
cores had shorter floating lag time and faster deleggse than those using wet-granulated cores.
Good floating properties and sustained drug release obtained. The increased amount of a
gas forming agent did not affect floating lag tié increased the drug release from the floating
tablets while increasing coating level of gas-gmiel membrane increased floating lag time.
The floating properties and the drug release froenfloating tablets were dependent on the core
preparation method, the amount of a gas formingtagatio of NaHCQ to HPMC) and the
level of gas-entrapped membrane. The tablets wothd dloating properties (floating lag time
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less than 8 min, floating time more than 8 h) anstaned drug release were obtained. These
gastroretentive floating multi-layer coated tableds be targeted in stomach in order to eradicate
H.pylori infection to treat gastric ulcers.
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