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ABSTRACT

The main aim of this investigation was to develop gastroretentive beads for controlled release of the drug for the
treatment of H.pylori infections more efficiently by releasing the drug especially in stomach for a prolonged
duration of time. Floating mucoadhesive beads were prepared to prolong the gastric retention of the drug. Floating
mucoadhesive alginate - hydroxypropyl methylcellulose beads of Levofloxacin hemihydrate were prepared by using
emulsion gelation method. The interactions between drug and polymers were investigated by Fourier transform
infrared (FTIR) Spectroscopy and Differential scanning calorimetry (DSC). Prepared beads were evaluated for
particle size, entrapment efficiency, and surface morphology by using scanning el ectron microscopy. In vitro drug
release studies were carried out. According to FTIR and DSC, the drug did not show any evidence of an interaction
with the polymers used. From the in vitro drug release studies, the drug release from formulation F6 was found to
be 71.68 % and showed controlled release. From the results it can concluded that F6 formulation was found to be
better than the other formulations, asit showed controlled drug release. Hence it may achieve the aim of controlling
the drug release, prolong retention timein GIT and reduce the frequency of dosing.

Key words: Emulsion gelation method, Entrapment efficien@astric retentionH.pylori infections, alginate-
hydroxypropyl methyl cellulose beads

INTRODUCTION

There are various types of Controlled Drug DelivBgstem, currently available in the market, butftiwis of this
research is the stomach specific drug deliveryesgstwhich is the floating drug delivery system (FE)DThe
FDDS uses the gastro-retentive technique for dwigsh are absorbed from the stomach and is poddproed or
insoluble in the intestine due to the high pH eowiment. It is known that for drugs to be absorbexss the
plasma membrane, it should not be ionised and teebeined hydrophobic for effective absorption. Tite
environment of the stomach is acidic and clearedoofl periodically according to the unpredictablestgic
emptying time (GET) and gastric residence time (GRTF3]. In order to overcome such physiologicaveities,
one such approach being used is the FDDS [4].

FDDS is one of the gastro retentive drug deliveygtam to achieve gastric retention to obtain sigfit drug
bioavailability. These systems are less densitg tha gastric fluids and make buoyant, releaselthg slowly as a
desired rate from the system. The concept of figatystem suffers from a disadvantage that it fisciéfe only
when the fluid level in stomach is sufficiently higAs the stomach empties, the dosage form iseapytorus, the
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buoyancy of the dosage form may be impeded [4]is Timitation can be overcome by the use of bioesive
polymers to enable it to adhere to the mucousdimihstomach wall.

Bioadhesive microspheres have advantages sucli@srgfabsorption and enhanced bioavailabilitydaigs owing

to a high surfacéo-volume ratio, a much more intimate contact withitingcus layer, and specific targeting of drugs
to the absorption site [5-8]. Floating and bio-egihe drug delivery systems offer the advantagesnofeased
contact time with stomach mucosa, provides morecéffe absorption and bioavailability of drugs wéhsorption
windows near proximal intestine and stomach, trasird) frequencies can be decreased [9]. Therefdseeasy to
reach minimum inhibitory concentration in the gastnucosa wherél. pylori colonize [10].

Levofloxacin hemihydrate is used as anti microbgnt for the treatment of variety of infectiousedises. It is safe
and effective in first, second, and third linepidori eradication. Eradication rate was 90% for the fexacin
therapy. The antimicrobial action of Levofloxacirerhihydrate results from inhibition DNA gyrase and
topoisomerase IV essential enzymes involved indipécation, transcription and repair of bacteBNA [11].

The main objective of this research work was toeltgy and evaluate the floating mucoadhesive bedds o
Levofloxacin hemihydrate to prolong gastric residertime and to increase its bioavailability. Theseloof
Levofloxacin is 200-400mg. To reduce the frequeatyosing, floating mucoadhesive beads have beepaped.
Floating mucoadhesive beads were prepared usirigrsaglginate, HPMC §M and liquid paraffin by emulsion
gelation method. Thus the study aims to improve dhed bioavailability of the drug and to achievetended
retention in the stomach which may result in prglech absorption.

MATERIALS AND METHODS

Materials

Levofloxacin hemihydrate and HPMGC,M were obtained as a gift sample from MMC healtbdanited and Fine
chemicals limited respectively. Sodium alginatechaised from Burgoyne urbidges & co. Calcium chiei(@aC})
and Light liquid paraffin are obtained from Hi-madabs, Mumbai. All other ingredients used wereanélytical
grade.

Preparation of beads

Floating Mucoadhesive beads of Levofloxacin hemibiel were prepared by emulsion gelation methodhim

present work six formulations of floating mucoadheseads were prepared using sodium alginate, HRWYNT

and liquid paraffin in different combinations. Themposition of different formulations of floatingutoadhesive
beads of Levofloxacin hemihydrate were mentione@ahle 1.

Table 1: Formulation of floating mucoadhesive beadsf Levofloxacin hemihydrates

. Levofloxacin Sodium Liquid paraffin

S.No | Formulation hemihydrate(mg) | Alginate(g) q (%VF\J//W) HPMC KM (g) | CaCl,
1 F1 50C 1t - - 2%
2 F2 500 15 - 0.5 2%
3 F3 500 15 5 - 2%
4 F4 500 1.5 10 - 2%
5 F5 500 15 15 - 2%
6 F6 500 15 5 0.5 2%

Sodium alginate and HPMC,KI at specified ratio were dissolved in 50ml of dlistl water to form homogenous
polymer solution. Levofloxacin hemihydrate was atltte polymer solution and mixed thoroughly to foamiscous
dispersion. Then liquid paraffin was added to thigpersion and mixed thoroughly. Resulting unifatipersion
was added drop wise in to 2% Ca&blution through syringe fitted with a needle dfgauge. Spherical rigid beads
were formed in CaGlsolution. Beads were collected by decanting theeswatant liquid and product thus formed
was washed repeatedly with water and dried at rteonperature overnight and stored in desiccatofuidher use
[12].
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Compatibility studies

Fourier Transform Infrared Spectroscopy (FTIR)

The interaction between the drug and polymers wadiedd by IR peak matching technique. The drug poigmer
were taken and mixed uniformly with demoisturizeBrKThe mixture was compressed to a thin transpareltet
by subjecting to hydraulic press, which is placedhe path of IR rays using a sample holder tonktloe spectra
from 400 — 4000 Crh

Differential Scanning Calorimetry

Thermal analysis of Levofloxacin hemihydrate, sadialginate, HPMC KM and physical mixture were recorded
with Netzsch DSC 200PC (Netzsche, Selb, Germanke #emperature axis and cell constant of DSC were
previously calibrated with Indium. A heating rate59/min was employed over a temperature range of 02 @fth
nitrogen purging. Powder sample was weighed intallaminium pan was used as reference.

Evaluation Studies

Yield of floating mucoadhesive beads

The yield of the beads was expressed as perceafdabe weight of the dried beads at room tempeeatempared
to the theoretical amount. Percentage of yield eedsulated by using the Equation:

_ The amount of beads obtained {g)
Percentage vield = — X100
Theoritical amount (g)

Size analysis of floating beads
The mean diameter of 100 dried beads was determiyedptical microscopy (Metzer, India). The optica
microscope was fitted with a stage micrometer bictvihe size of beads was determined.

Micromeritics

Bulk Density

The bulk density is defined as the mass of powdddeld by bulk volume. The bulk density was caltethby
dividing the weight of the samples in grams byfihal volume in cm [12].

Mass of the beads
Bulk volume of the beads
Tapped Density
Tapped density is the volume of powder determingdapping the weighed amount of sample in measuring
cylinder. The cylinder containing known amount efads was tapped on a tapped density apparatustugities

constant volume [13].
Mass of the beads

Tapped volume of the beads

Bulk Density=

Tapped Density

Carr’s Index or Compressibility Index
This is an important property in maintaining unifoweight. It was calculated using following equatio

Bulk density

% compressibility index = 1 x 100

Tapped density

Hausner's ratio

A similar index like percentage compressibility éxdhas been defined by Hausner. Values less ti2niddicate
good flow, where as greater than 1.25 indicates flow. Flow of the material under study was norip&hnproved
by addition of glidant. Hausner's ratio calculatgdformula:

apped density

. T
Hausner’s ratio = - x 100
Bulk density
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Angle of Reposed)

Inter particle forces between particles as welllas characteristics of powders were evaluated fyle of repose.
Angle of repose is defined as the maximum anglsiplesbetween the surface and the horizontal plahe.angle
of repose of powder blend was determined by glasadl method. Powders were weighed accurately asdeul
freely through the funnel, so as to form a heape fibight of funnel was so adjusted that the tigheffunnel just
touched the apex of the heap. The diameter of dhalpr cone so formed was measured and the angipate was
calculated using the following equation [13]:

0 = tarf(®)

Where, 6 = angle of repose
h = height of the pile and,
r = radius of the powder cone respectively.

Scanning Electron Microscopy (SEM)

The SEM analysis of prepared beads was performechéophological studies. The formulations are pdureto
circular aluminum stubs using double adhesive tapd, coated with gold in HUS -5GB vaccum evaparaiad
observed in Hitachi S-3000N SEM at an acceleratmtage of 10 Kv and a magnification of 5000X.

Floating behavior

300 mg of the dried beads were spread over thfacgupf a USP dissolution apparatus Type Il usimgugated
gastric fluid without enzymes of pH 1.2 was usednaslium (900 ml) and was maintained atG% 0.5’ C for 12
hrs. The paddle speed was controlled at 100 rpre. fidating and the settled portion of beads wermvered
separately. After drying, each fraction of the leaghs weighed and their buoyancy was calculatetidyjollowing
equation [14]:

% Buoyancy “of+ 05

Qf = Weight of beads floating on the surface
()s = Weight of beads sinked

Drug entrapment efficiency

The amount of drug entrapped was calculated byngakihe formulation equivalent to 50 mg of the driige
amount of drug entrapped was estimated by crusthiegbeads and extracting with aliquots of 0.1 N HCI
repeatedly. The extract was transferred to a 10@ahaimetric flask and the volume was made up uSidgN HCI.
The solution was filtered and the absorbance waasored at 293 nm against 0.1 N HCI as blank [15, Tite
amount of drug entrapped in the beads was calclatehe following formula:

A t of the d ctuall t
Amount of drug entrapped -y

X100

theoritical drug load expected

In vitro test for mucoadhesion

The time taken for detachment of beads from stonmagbosa was measured in 0.1N hydrochloric acid 1.
This was evaluated by an vitro adhesion testing method, known as wash off metAgoiece of sheep stomach
mucosa (2x2 cm) was mounted onto glass slide eyi#ftmoacrylate glue and one more glass slide waseobed
with a support. 50 beads were counted and spreadtbe wet rinsed tissue specimen and immediabasetfter
the support was hung on the arm of a USP tablentdgrating test machine. By operating the disiradgn
machine the tissue specimen was given a slow regpland down moment. The slides move up and dovthe
test fluid at 37 + 0.3 C. The number of beads adhering to the tissuecoasted at two hours interval up to 6 hours
[17, 18].

In vitro drug release study
In vitro drug release studies were carried out by using Y€ | dissolution test apparatus using 0.1 N HEI
dissolution medium, maintained at 37 +9 and stirred at 50 rpm. Beads equivalent to 1§Cfrthe drug were
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taken. 5ml of sample aliquot was withdrawn at ptedeined intervals and filtered. Equal volume o tlissolution
medium was replaced in the vessel after each véthalrto maintain sink condition. The required ddus were
made with same medium and the solutions were aedlfar the drug release by spectrophotometer at R&8n
this, the percentage of drug release was calcukatdcblotted against function of time to study fiadtern of drug
release [14].

RESULTS AND DISCUSSION

Compatibility studies

FT IR studies

IR spectra were recorded for the pure drug and tvaged beads and shown in Figure 1. The resuliSTR
spectra confirm that there were no interactionsvbet drug and polymer. Four bands characteristi©-¢
stretching in carboxylic acid, C=C bending, Aryddride and C=0 stretching of the pure drug was angkd in the
prepared formulation.

— S EAAY
E R e s Bo# shhgg /) e

Figure 1: FTIR spectra of Levofloxacin hemihydrate,sodium alginate, HPMC K4M and physical mixture

DSC studies

From DSC thermograms the melting point of pure dreigofloxacin hemihydrate was found to be 223 which is
close to the value reported in literature heneepttocured drug is pure form (Figure 2). The ptalsinixture DSC
thermograms indicate that there are no interacti@taeen the drugs and excipients which can besaedegrom the
peaks in the DSC thermograms.

Evaluation Studies

Particle Size

Particle size was determined by using optical nsicopy. The mean particle size (mean diameter) waarge of
0.59 mm to 1.254 mm (Figure 3 and Table 2). Thenmeaticle size of the floating beads was increaedhe
concentration of oil increases. It suggests thataththe concentration of oil increases the amoiuoil entrapped in
floating beads was increased.
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Figure 2: DSC thermograms of Levofloxacin hemihydrée, sodium alginate and Physical mixture
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Figure 3: Particle size distributions of various fomulations of Levofloxacin hemihydrate floating Mucoadhesive beads

Micromeritic Properties
Results of the bulk and tapped densities, anglepdse, Carr’s index (compressibility index), araubher’s ratio
of all beads confirms better flow properties, valuweere reported in the Table 2

The angle of reposd)is a characteristic of the internal friction mhesion of the particles. The value of the angle
of repose will be high for cohesive powder and léw non-cohesive powder. The prepared formulatiohs
Levofloxacin hemihydrate showed values 20-27 indicates that they had better flow property. Gamdex up to

21 is considered of acceptable flow properties.dfatis ratio was related to the inter particletiois, the powders
with low inter particle friction, had ratios of agximately 1.25 indicating good flow.
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Table 2: Flow properties and mean diameter of varias formulations of Levofloxacin hemihydrate floatig mucoadhesive beads of
Levofloxacin hemihydrate

Formulation Bulk Tapped Carr's index Hausner's Angle of Mean diameter

Density(g/cn?) Density(g/cnt) (%) ratio reposeg) (mm)
F1 0.403 0.469 14.19 1.14 26 0.54
F2 0.341 0.401 15.04 1.17 2% 0.87
F3 0.440 0.521 15.47 1.18 89’ 1.3
F4 0.400 0.468 14.53 1.16 28 1.8
F5 0.318 0.364 12.32 1.13 20 2.3
F6 0.412 0.486 15.07 1.17 7% 1.1

Surface morphology

F2, F3, F5 of the prepared beads were evaluatethéosurface morphology and shown in the Figur8canning
electron microscopy revealed that the prepare beauls spherical and the surface of the beads wemup@nd
rough. The porous nature of the microcarries irsgedhe floating behavior of the beads. The residiltae SEM
suggest that upon increasing the oil concentratiershape of the beads somewhat irregular.

Figure 4: SEM photographs of various formulations 6 Levofloxacin hemihydrate floating mucoadhesive bads

Floating behaviour

The concentration of entrapped oil influences bmibyancy lag time and the % buoyancy. As the canaton of
oil increases, the buoyancy lag time decreasesubecthe entrapped oil content was more. The fotiouola
containing 15% of liquid paraffin (F5) showed 100b#oyancy and the formulations which do not coritajhiquid
paraffin (F1 and F2) showed 0% buoyancy. Floatibijtp of the beads depends upon the amount oflithed
paraffin used in the preparation. The results vgéren in Table 3.

Entrapment efficiency

% Entrapment efficiency of the floating mucoadhesiveads in 0.1N HCI was calculated and results were
mentioned in Table 3. The % Entrapment efficientyhe formulations was found to be in the rangerd22 —
95.06%. Formulation that contains both HPMGMKand sodium alginate (F2 and F6) showed highestf%
entrapment because of the polymers used had highpement efficiency. The formulation containing 18%diquid
paraffin (F5) showed less % of entrapment becausease in oil percentage decreases the spadeefentrapment

of the drug within the beads.
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Table 3: % of Buoyancy and % drug entrapment of vaious formulations of Levofloxacin hemihydrate floatng mucoadhesive beads

Formulation | Buoyancy lag time | % Buoyancy | % Drug entapment
F1 - 0 94.12
F2 - 0 95.06
F3 30 sec-1 min 87.37 85.58
F4 30 se-1 min 90.4¢ 79.8¢
F5 0-30 sec 100 72.22
F6 30 sec-1 min 78.65 87.31

In vitro mucoadhesion test

% mucoadhesion was calculated and mentioned ineT&bThe formulations containing HPMGM (F2 and F6)
showed highest mucoadhesion than the formulatidtieout the polymer. The hydrophilic residues of HEM;M
can bind with water at the surface and within thk bpitially, an intimate contact that is wettingcurs between the
mucus and the mucoadhesive polymer, which is falbwy the penetration of the mucoadhesive polymier the
mucus gel network. Finally the formation of secagdzhemical bonds between the mucus and the muesaah
polymer occurs. The chains can diffuse into theasatlayer and remain adhered for long periods.

Table 4: % Mucoadhesion of various formulations olLevofloxacin hemihydrate floating mucoadhesive beas

Formulation % Mucoadhesion at different time intervals

2hr 4hr 6hr
F1 68 56 52
F2 94 88 86
F3 60 54 50
F4 66 58 54
F5 62 56 52
F6 92 86 84

In vitro drug release

The release pattern of drug from formulations pregavith combination of polymers i.e. with sodiutgiaate and
HPMC Ks;M was studied. The results were showed in TablacbRigure 5. The formulation F6 showed controlled
release than other formulations. It is observed #sathe concentration of oil increases, the delgase was
reduced. It is due to the oil acts as additionafibafor the drug release. The controlled releafsitne drug from the
beads was due to the formation of thick layer diymer which would hold the drug with itself. Thermentration

of oil increases from F3 — F5 and the % drug relemas found to be decreased. Finally it was obsketivat the
formulations prepared with oil showed better coliecbrelease than formulations F1 &F2.
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Figure 5: Graph showing cumulative % drug release bvarious formulations of Levofloxacin hemihydratefloating mucoadhesive
microspheres
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CONCLUSION

Oral controlled release of Levofloxacin hemihydratan be achieved successfully by beads prepardgirlsion
gelation technique using sodium alginate, HPMEMKand liquid paraffin. The oil-entrapped beads showed
excellent, immediate buoyancy until the stomachteats are full after that the mucoadhesive polykieMC K;M
increases the gastric residence by its mucoadhesogmerty. Therefore this formulation provide atabie manner
to deliver drugs that are locally active to thetgasnucosa in the stomach and, hence, achievestaised site-
specific therapeutic action fotelicobacter pylori eradication in the treatment of peptic ulcer diseas

Sodium alginate HPMC M beads may be more suitable floating-mucoadhesinegy delivery system for
delivering Levofloxacin hemihydrate to treat stommadcers compared with beads which do not contdtMig
K4M.
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