Available online at www.scholar sresear chlibrary.com

a(mac/
. Wl
Scholars Research Library g@“’b %
Scholars Research . * t@# o
Der Pharmacia Lettre, 2016, 8 (10):140-149 x V,‘ v x
‘ (http://scholarsresearchlibrary.com/archive.html) 4
Library

I SSN 0975-5071
USA CODEN: DPLEB4

Development and evaluation of gastroretentive floating matrix tablets of
moxifloxacin HCL

Ramji Anil Kumar Arza*? and B. Vijaya Kumar®

1Jangaon Institute of Pharmaceutical Sciences, Yasthapur, Jangaon-506167, T S, India
2Jawaharlal Nehru Technological University, KukalgaHyderabad-500072, Telangana State, India

ABSTRACT

The present study was undertaken with an aim toditate, develop and evaluate gastroretentive fhgatablets of
Moxifloxacin HCI which release the drug in a sustd manner over a period of 12 h. Different hydibipland
hydrophobic retardants were used in different carabons at different ratios for the preparation tablets. The
tablets were prepared by direct compression metmatievaluated for tablet thickness, hardness, weighation,
friability, floating lag time and invitro drug rebhse. Formulation F11 with hydrophilic polymer
(Methoce? K100M) and hydrophobic retardant (carnauba waxnsidered as an optimized formulation. The
optimized formulation showed satisfactory sustaided release and remained buoyant on the surfdcthe
medium for more than 12 h. It can also be conclutted floating drug delivery system of Moxifloxatil can be
successfully formulated as an approach to incregssdric residence time and thereby improving iteabailability.

Keywords: Moxifloxacin HCI, floating drug delivery system, carnauba wax, WSR, &oyancy period.

INTRODUCTION

Oral route of administration is the most conveniantd widely used method of drug administration, &mel
development of stomach specific oral controllecéask drug delivery systems is a challenging job tduthe
variation of pH in different segments of the gaisitestinal tract, the fluctuation in gastric emptyitime and the
difficulty of localizing an oral delivery system mselected region of the gastrointestinal tracP]1

Sustained drug delivery system is complicated bytéid gastric residence time. Rapid gastrointektiaasit can
prevent complete drug release in the absorptiore zomd reduce the efficacy of administered doseesthe
majority of drugs are absorbed in stomach or thgeupart of small intestine [3, 4]. Floating druglidery offers
several applications for drugs having poor bioallity because of the narrow absorption windowhi@ upper part
of the gastrointestinal tract. It retains the destogm at the site of absorption and thus enhatiebioavailability

[5].

FDDS have lower density than gastric fluids andsthemain buoyant in the stomach fluid without affeg the
gastric emptying for a prolonged period of time. il&lhe system is floating in the gastric fluidettirug is released
slowly from the system at a desired rate. Materiged for FDDS include carbon dioxide gas-formimgras
(carbonate or bicarbonate compounds [6, 7] highlglsble hydrocolloids and light mineral oils [8]. Multiple
unit systems and floating systems prepared by sbkxaporation methods have also been developéd [10
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Moxifloxacin HCI is a broad-spectrum antibiotic thia active against both Gram-positive and Gramatigg
bacteria with a narrow absorption window and ismiyaabsorbed in proximal areas of GIT [11].

The objective of the present research work wasawige gastroretentive formulation that will progidnce daily,
sustained release dosage form. The swellable hgdioppolymers like HPMC with different grades and
hydrophobic polymers like carnauba wax were trigdddferent ratios to prepare various formulatioos
Moxifloxacin HCI.

MATERIALSAND METHODS

Materials:

Moxifloxacin HCI pure drug was generous gift fromableods Pharmaceutical Ltd, Mumbai, India. HPMCNK &K
15M and K100M were obtained from Rubicon labs, Nvaimn India, POLYOX WSR 301 was obtained from Dow
chemical’'s, New York. Gelucire 44/1ahd Carnauba wax was gifted from MSN Labs Ltd, Hgdad. All other
excipients and chemicals used were of analyticadgyr

M ethods

Preparation of Moxifloxacin HCI floating tablet

The floating tablets, each containing 400 mg Mawiélcin HCI were prepared by direct compression ouetill

the ingredients except Moxifloxacin HCI were passiebugh # 40 mesh prior to mixing. The ingrediewtre
weighed separately and mixed to get a uniform pelymixture. The drug was then mixed with the polyme
mixture for a period of 10 minutes to ensure umfanixing of the drug using mortar and pestle. Theseder
mixtures were lubricated with magnesium stearatd aompressed to obtain tablets. The composition of
Moxifloxacin HCI floating tablets was shown ireble 1.

Table 1: Composition of Moxifloxacin HCI floating tablets

. . . HPMC HPMCK HPMC K WSR Gelucire | Carnauba Magnesium
For 'yé’dlzt'on Mﬂ’g'gﬁ;'” K 4M 15M 100M 301 Na(‘:g)o3 44/14 wax searate
(mg) (mg) (mg) (mg) (mg) (mg) (mg)
Fl 400 60 25 42 30 40 3
F2 400 65 20 47 20 45 3
F3 400 70 15 52 10 50 3
F4 400 75 7.5 55 7.5 52 3
F5 400 60 25 42 30 40 3
F6 400 65 20 47 20 45 3
F7 400 70 15 52 10 50 3
F8 400 75 7.5 55 7.5 55 3
F9 400 60 25 42 30 40 3
F10 400 65 20 47 20 45 3
F11 400 70 15 52 10 50 3
F12 400 75 7.5 52 7.5 55 3

Evaluation of floating tablets

a) Thickness

The thickness of the prepared tablets was tested wernier calipers. The test was done in trigkcand average
was determined.

b) Hardness
Hardness of prepared tablets was determined usomgs®hto hardness tester and measured in termsoofitkg

c) Weight variation

The weight variation test was performed as perlffeguidelines. Twenty randomly taken tablets weeghed
together and the average weight was determinech Ediet was then weighed individually and deviatfoom
average weight was calculated.
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d) Friability

A sample of twenty randomly selected tablets wareueately weighed and placed in a Roche friabilatowas
operated for 4min at a speed of 25 rpm, and thertahlets were removed, de-dusted and reweighes p&fcent
loss in weight due to abrasion and impact was tatied as,

%Friability= (Loss in weight/ Initial weight) x 100

€) Drug content

Ten tablets for each batch was taken and triturd®esdvder equivalent to 100mg of drug was weighedl \&as
transferred to breaker and 0.1N HCI was added amch$ then shaken for 5 minutes and finally 0.1NI M@s
added to make the volume up to 100ml and solutias then sonicated for 15 minutes and filtered thinou
Whatman filter paper. Finally a solution was ditbiitably and the absorbance of resultant solwias measured
to determine the drug content spectrophotometyi@lR88nm using UV/Visible spectrophotometer Sidmal800
against 0.1N HCI blank.

f) Swelling studies

The extent of swelling was measured in terms off Weight gained by the tablet. One tablet from efacmulation
was weighed and kept in petridish containing 500MmD.1N HCI buffer solution. At the end of specifi¢ime
intervals tablets were withdrawn from petri distdaxcess buffer blotted with tissue paper and wergfihe % of
weight gained by the tablet was calculated by ufiegollowing formula:

Swelling Index (%) = MMy/Mg X 100"

Buoyancy lag time & total floating time

The in vitro buoyancy was determined by the flogiimg time. The tablet was placed in a 250 ml beakataining
0.1N HCI. The time required for the tablet to rieghe surface for floating was determined as th@ybncy lag time
and further total floating time of all tablets wadatermined by visual observation

I'n vitro dissolution studies

In vitro drug release studies for the prepared idliate release tablets were conducted for a pefid® drs using
USP XXIV type-ll (Paddle) dissolution apparatus3@i0.50C at 50 rpm using 900 ml of 0.1N HCI as dlistson
medium. At predetermined interval of time, 5 ml simple was withdrawn from the dissolution mediund an
replaced with fresh medium. After filtration andpappriate dilution, the samples were analyzed fomglative
percentage drug release of Moxifloxacin HCI by Uiéi¥dle spectrophotometer Shimadzu 1800 at 288 nm.

Kinetic modeling of drug release
To analyze the mechanism of drug release fromahkets the in vitro dissolution data was fittedz&wo order, first
order, Higuchi and Korsmeyer-Peppas model.

Zero order equation
This equation describes the systems where theseeleste is independent of the concentration ofdiksolved
species. The dissolution data are fitted into zed®r equation.

Q=QK.,

Where

Q=Amount of drug released at time t
Q.= Amount of drug release initially
K, t =Zero order rate constant

A graph of concentration vs. time would yield aagght line with a slope equal to, l&nd the intercept at the origin
of the axes. The zero order plot is derived froottplg the cumulative percent drug dissolved Vsetim

First order Equation
The first order equation describes the release feystems where dissolution rate is dependent upen t
concentration of the dissolving species releasavieh
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Generally follows the following first order releasguation.
In M= In MO-K1t

Where

M is the amount of drug dissolved at time t,

MO is the amount of drug dissolved at t=0 and

M1 is the first order rate constant.

A graph of log concentration of drug release V<tiyrelds line.

Higuchi Square Root law
A form of the Higuchi Square Root Law is given lguation

Q=KSVt

Where
Q= Amount of drug dissolved at time t,
Ks=Higuchi rate constant

The Higuchi square root law equation describesréhease from system where the solid drug is diggeis a
insoluble matrix, and the rate of drug releaseliated to the rate of drug diffusion.

Korsmeyer and Peppasrelease model
The release rate data were fitted to the follovaggation

Mt/M ex =K.t"

Where

Mt/M = the fraction of drug released,
K=the release constant't’ is the release time.

‘n’ is diffusion exponent, if n is equal to 0.8%etrelease is Zero order. If n is equal to 0.45rdtease is best
explained by Fukien diffusion, and if 045 = 0.89 then the release is through anomalous diffusiomar
fickian diffusions (Swellable & Cylindrical Matrix)

In this model, a plot of log (Mt/M) vs. log time was plotted and slope was notedkpdaén release pattern.

Drug- Excipient compatibility studies

Fourier transformsinfrared spectroscopy (FTIR)

FTIR spectra for pure drug, physical mixture antimjzed formulations were recorded using a Foutiiansform
Infrared spectrophotometer. The analysis was chwig in Shimadzu-IR Affinity 1 Spectrophotomet&he IR
spectrum of the samples was prepared using KBrc(sygeopic grade) disks by means of hydraulic pgltess at
pressure of seven to ten tons.

Differential scanning calorimetry (DSC)

Differential scanning calorimetry (DSC) studies earried out using DSC 60, having TA60 softwat@radzu,
Japan. Accurately weighed samples were placed umiaium plate, sealed with aluminium lids and hdad a
constant rate of 5°C /min, over a temperature rafi@eto 250°C.

Stability studies

The stability studies were carried out as per ICktlglines. The best formulation F15 was subjectedccelerated
stability test by storing at 40%2/75+5% relative humidity in an accelerated stapitthamber (Remi, Mumbai).
After specified period of time (1, 2, 4 & 6 montlzgmples were withdrawn and floating lag time, Itbteating time
and in vitro dissolution studies were conducted.

143
Scholar Research Library



Ramiji Anil Kumar Arzaet al Der Pharmacia Lettre, 2016, 8 (10):140-149

RESULTSAND DISCUSSION

Evaluation of physicochemical parameters
All the formulations were tested for physicocherharameters like weight variation, hardness, théds, friability
and % drug content and found to be within the Bmithe results are tabulatedTiable 2.

Table 2: Physical propertiesof prepared formulations

For mulation code | Weight variation (mg) | Hardness (kg/cm?® | Thickness(mm) | Friability (%) | Drug content (%)
F1 601+5 5.2+0.4 6.2 0.12 97.3
F2 602+3 55+0.2 5.9 0.14 985
F3 599+¢ 5.8+0.! 6.5 0.11 97.€
F4 602+< 5.2+0.: 5.¢ 0.1z 97.¢
F5 600+6 5.4+0.3 6.1 0.14 98.4
F6 602+2 5.1+0.5 6.2 0.15 97.7
F7 603+1 5.3+0.2 5.8 0.12 98.2
F8 602+3 4.8+0.4 6.1 0.13 97.2
F9 601+6 5.7+0.2 6.3 0.11 98.3
F10 6032 5.3+0.! 6.2 0.1z 96.
F11 600+3 5.2+0.4 6.0 0.13 99.3
F12 6015 5.0+0.6 6.3 0.15 97.2

Study of swelling characteristics of Moxifloxacin HCI floating tablets:

The purpose of swelling study is to determine thatew uptake capability of the polymer. Swellingdstuwvas
performed on all the batches of floating tablet 1@ hours. All the floating tablets swelled but eened intact
without breaking throughout the period of swellimg0.1 N HCI. The order of swelling index obserweilh the
polymers was HPMC K100 M > HPMC K15M > HPMC K15Mormulation F11 prepared with HPMC K 100M
was found to have highest swelling property andréiselts are summarizedTrable 3.

Table 3: Swelling Index of M oxifloxacin HCI floating tablets

Timein h. (% Swelling)
Formula code > 7 3 3 10 o

F1 34 56 72 96 10§ 112
F2 375| 62| 75| 95| 101 118
F3 39.6| 64| 78/ 97| 104 11%
F4 38 61 72 95 106 112
F5 36 | 59.5| 72| 915 10 116
F6 34 56 74| 85.7 102 115
F7 33 54 76| 85.8 104 110
F8 31 | 52.8| 78| 84.4 101 11b
F9 30 | 51.5| 73| 82| 100 112
F10 31 52.2| 76 84 101 114
F11 40 58 | 85| 98| 112 12

F12 30 | 50.5| 85| 92| 102 11%

The purpose of swelling study is to determine thatew uptake capability of the polymer. Swellingdstuwvas
performed on all the batches of floating tablet 1@ hours. All the floating tablets swelled but eened intact
without breaking throughout the period of swellimg0.1 N HCI. The order of swelling index obserweih the
polymers was HPMC K100 M > HPMC K15M > HPMC K15Mormulation F11 prepared with HPMC K 100M
was found to have highest swelling property andréselts are summarized Trable 3.

Floating propertiesfor the prepared formulations

All the formulations were evaluated for in vitbmoyancy lag time and total floating period. Thedirequired for
the tablet to rise to the surface (when the tabheise placed in a beaker containing 0.1 N HCI)ffoating was
described as the buoyancy lag time. NaH@@uces CQ@ generation in the presence of HCI. All the forntiolas
had buoyancy lag time in the range of 32 to 70 $ke.total floating period for all the formulatiomss found to be
more than 12 hrs, which indicates a stable gelrltyrenation by all polymers and that NaH@®@mains for a longer
time. Formulation F11 was found to be less floatagytime i.e. 32 sec when compared with other fdations and
the results are depictedTrable 4 & Figure 1.
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Table 4: Floating properties of Moxifloxacin HCI floating tablets

Formulation code | Floatinglagtime (sec) | Total floating time (hrs)
F1 70 >12hrs
F2 61 >12hrs
F3 52 >12hrs
F4 43 >12hre
F5 68 >12hrs
F6 57 >12hrs
F7 48 >12hrs
F8 41 >12hrs
F9 65 >12hrs
F10 48 >12hre
F11 32 >12hr¢
F12 35 > 12hrs

At timeO After 32 sec

Figure 1. In vitro buoyancy lag time of the optimized formulation (F11)

I n vitro dissolution studies:

Table5: Invitro cumulative % drug M oxifloxacin release formulationsF1 to F6

10
Time (h)

Time(h) F1 F2 F3 F4 F5 F6
0 00 00 0+0 0+0 0+0 0+0
1 16.01+0.15| 17.04+0.1] 21.71+0.17 19.53+0/66 21.16>0 18.95+0.22
2 2551+0.12| 28.16+0.56 29.29+0.17 29.64+0[43 31.86x0 23.93%0.16
3 33.49+0.61| 34.50+0.87 35.24+0.]1 42.35+0[43 42.165-0 38.92+0.42
4 41.32+0.97| 48.06+0.7f 49.87+0.18 51.46+0]97 46.@820 43.72+0.53
6 52.83+0.76] 51.94+0.7% 5552+0.98 65.52+0/53 57.098R| 59.77+0.14
8 60.49+0.55| 61.88+0.4] 64.69+0.34 68.73+0/52 66.674t| 66.36+0.11]
10 72.28+0.87| 72.74+0.7¢ 75.69+0.11 76.23+0/55 79.p133| 77.23+0.54|
12 83.35+0.98| 84.610.77] 85.11+0.97 89.68+065 92.440.1 94.64+0.18
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Figure 2: Percentage drug release of Moxifloxacin for mulations F1-F6
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Table 6: Percentage drug release of Moxifloxacin HCI tablet

Time (h) F7 F8 F9 F10 F11 F12 Innovator
0 0+0 00 0+0 00 0+0 0+0 0+0
1 19.7€¢+0.85 | 16.7240.74 | 14.8(x0.87 | 13.52+0.8¢ | 16.03+0.64 | 14.34£0.4% | 24.45+0.11
2 28.05+0.32| 26.16+0.11 22.91+0.91 29.19+0/85 23.632( 27.22+0.88| 36.12+0.54
3 34.11+0.18| 35.83+0.6% 30.28+0.15 35.2+0.18  31.323(. 33.19+0.18| 48.34+0.48
4 39.33+0.17| 42.36+0.7¢ 40.96%0.65 46.63+0)76 39.613() 41.21+0.76] 54.23+0.18
6 48.77+0.73| 54.29+0.17 52.38+0.17 59.09+0)65 54.683() 51.44+0.18| 64.56+0.54
8 62.12+0.18| 68.19+0.6% 64.15+0.53 69.4+0.43  70.723(. 60.39+0.24| 72.34+0.8f
10 79.21+0.11| 78.22+0.18 78.64+0.47 74.440.11 84.6P8:(. 79.68+0.13| 84.16+0.7y
12 90.29+0.17| 80.20+0.18 92.10+0.55 94.10+0J18 99.414() 92.75+0.65] 94.23+0.29

120

100 - .
b ——17
X i -3

rg
== F10
——=F11

Fl12

Cumulative % drug release

Marketed Product

0 5 10 15
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Figure 3: Percentage drug release of Moxifloxacin formulations F7 to F12

All the formulations (F1-F12) were prepared witHymoers like HPMC with different grades, POLYOX WSR1
and lipid excipient Gelucire 44/14. The releas@oixifloxacin HCI from different formulations was w&d out in
0.1N HCI and the results are depictedrable 5& 6. The highest drug release was found in the forrandE11l i.e.
99.41% within 12h when compared with other formolas. F11 was found to be optimized formulationdaben
the dissolution and other evaluation parameter® Gbmparison of marketed product Moxicip $blet and
optimized formulation F11 was shown kigure 3. The drug release from marketed product was 94.2&¥%n

12h.

M athematical modeling of optimized formula of M oxifloxacin HCI tablets (F11):

Table 7: Release kinetics of optimized formulation of M oxifloxacin HCI floating tablets

. Zero Order First Order Higuchi Kor smeyer -Peppas
Formulation Code =2 K 2 K =2 K 7 N
F11 0.995| 7.89§ 0.76f 0.130 0.950 29]11 0.561 2.168

From the above results it is apparent that theessjon coefficient value closer to unity in case@fo order plot
i..0.995 indicates that the drug release follow=ew order mechanism. This data indicates a lem®&unt of
linearity when plotted by the first order equatidtence it can be concluded that the major mechawikadrug

release follows zero order kinetics. Further, trengdlation of the data from the dissolution studseggested
possibility of understanding the mechanism of drapase by configuring the data in to various mathtéecal

modeling such as Higuchi and Korsmeyer plots. Tlassrtransfer with respect to square root of the tia@s been
plotted, revealed a linear graph with regressidoesalose to one i.e. 0.549 starting that the ssdeom the matrix
was through diffusion. Further the n value obtaifrech the Korsmeyer plots i.e. 2.168 suggest thatdrug release
from floating tablet was anomalous Non fickian dfion.
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Drug- Excipient compatibility studies

Fourier Transform Infrared (FTIR) spectroscopy

FTIR spectra of Moxifloxacin hydrochloridé-igure 4) showed aromatic C=C stretching at 1621, 1515 &l
cm-' and C-H bending for substituted benzene at 873lciBesides, spectra also showed carboxylic acid C=0
stretching at 1705 cm-C—N stretching at 1350 crh-stretching of monofluorobenzene at 1183 tnAdl the
coated inserts showed aromatic C=C stretching aalysositions, indicating incorporation of Moxiflagin and
peaks for ester at 1730 chisince acrylate polymers are esters. The speadfuphysical mixture was also shown
in Figure 5. Major characteristic peaks of Moxifloxacin wemhd in the optimized formulation (F1i¢ure 6),
confirming the presence of the drug in the polymighout interaction.
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Figure 6: Moxifloxacin HCI optimized formulation (F11)

Stability studies:

Optimized formulation (F11) was selected for stgbistudies on the basis of high cumulative % drabpase.
Stability studies were conducted for In vitro % ginelease and floating lag time for 6 months adogrdo ICH
guidelines and retained the same properfi@em these results it was concluded that, optimicethulation is
stable and retained their original properties witinor differences which depicted Trable 8.

Table 8: Stability studies of optimized formulation (F11):

Retest time for optimized formulation (F11) | In-vitro (%) drugrelease | Floating lag time (sec)
0 days 99.41 32
30 days 98.86 34
60 days 98.12 35
120 day 97.92 36
180 days 97.68 38
CONCLUSION

On the basis of the present study, the use of ipyaoic retardant and hydrophilic polymer in combiora had its
own advantages of maintaining integrity and buoyaottablets. The effervescent based FDDS is a miom
approach to achievim vitro buoyancy by using gel forming polymers such as KPKMM, HPMC K15M and
HPMC K 100M employing sodium bicarbonate as gasegeing agent. Among the various FDDS formulations
studied, the optimized formulation (F11) prepareéthwiPMC K100, WSR 301 and Gelucire 44/14 showexltbst
result in terms of the required lag time (32sedjaltfloating time of 12 hrs and cumulative % dmgdease was
99.41% within 12hrs and is considered as the ifl@ahulation The compatibility study (FT-IR) showed that the
drug has no interactions with polymers and otheiptants.
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