Available online at www.scholarsresearchlibrary.com

Q\(\a‘ma%(
. <L AW
Scholars Research Library o‘”:@a 3
Scholars Research . 3 :

yedd

Der Pharmacia Lettre, 2010, 2(3): 21-32 4
(http://scholarsresear chlibrary.com/archive.html) 4
Library

ISSN 0975-5071
USA CODEN: DPLEB4

Formulation and optimization of gastric floating matrix tablets of Gatifloxacin
with combination of polymers using Box-Behnken expemental design

Shreeraj H. Shatf*, Jayvadan K. Patef and Nirav V. Patef

8L. J. Institute of Pharmacy, Gujarat University,PAbddabad, Gujarat, India
®Nootan Pharmacy College, North Gujarat Hemchandeagh University, Visnagar, North Gujarat,
India
‘Anand College of Pharmacy, S. P. University, An&@wjarat, India

Abstract

The purpose of the present study was to developpéimized gastric floating drug delivery
system (GFDDS) containing gatifloxacin as a moaegdising Box-Behnken design. A 3-factor,
3-level Box-Behnken design was used to derive andeorder polynomial equation and
construct contour plots to predict responses. Tiaependent variables selected were conc. of
compritol ATO 888 (¥, conc. of poloxamer 188 {Xand conc. of chitosan ¢X Batches were
prepared by wet granulation method and evaluatedfoating lag time (FLT), Total floating
time (TFT) and time required to release 50% ofdh&g (&0) as dependent variables. Compritol
ATO 888 containing tablets were found to be sigaiit for floating properties. Poloxamer 188
had a negative effect on floating properties busvi@und helpful in controlling the release rate
of the drug. No significant effect of chitosan twating properties was observed but it was
important for gel formation. The quadratic matheioat model developed could be used to
predict formulations with desired release and flogtproperties. The transformed values of the
independent variables and dependent variables vsergiected to multiple regressions to
establish a full-model second-order polynomial dgpa Contour plots as well as response
surface plots were constructed to show the effeict§, X, and X% on the FLT, TFT andsd. A
model was validated for accurate prediction of FHel, TFT and 4y by performing checkpoint
analysis. The computer optimization process, canptats and response surface plots predicted
at the conc. of independent variables X%, and X% (25.25 %, 13.62% and 15% respectively), for
maximized response of TFT. The Box-Behnken desgrortstrated the role of the derived
equation and contour plots with response surfacgspin predicting the values of dependent
variables for the preparation and optimization atifoxacin gastric floating matrix tablet.

Keywords: Gatifloxacin, floating, Box-Behnken design, tdflakating time (TFT), compritol ATO 888.
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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
small intestine until all the drug is completelyesed in the desired period of time [1-2]. The
residence of a drug delivery system in the upper giathe gastrointestinal tract (GIT) can be
accomplished by several drug delivery systems, saghntragastric floating systems [3-5],
swelling and expandable systems [6], bioadhesiggesys [7], modified shape systems [8], high
density systems [9], delayed gastric emptying systfl0] and low density super porous systems
[11]. FDDS, also called hydrodynamically balansgstem, is an effective technology to prolong the
gastric residencéime in order to improve the bioavailability of the drddhis technology is
suitable for drugs with an absorption window in 8temach or in the uppgrart of the small
intestine, drugs acting locally in the stomach forddrugs that are poorly soluble anstable

in the intestinal fluid. FDDS have a bulk dendibyver than the gastric fluid and thus remain
buoyant in the stomach, without affecting the gastrigptyingrate for a prolonged period of
time. While thesystem is floating on the gastric contents, dhug is released slowly [12].
Gatifloxacin, the model drug for this study, is am8thoxyfluoroquinolone witlin vitro activity
against a wide range of gram-negative and gram-positieoorganisms. The antibacterial
action of gatifloxacin results from inhibition of DNA gyrasedatopoisomerase IV, essential
enzymes that are involved in the replication, transcriptiod, r@pair of bacterial DNA. The
recommended adult oral dosage of gatifloxacin is 20@wige daily or 400mg daily. The
solubility of the compound is pH dependent. The maximagureaus solubility (40-60 mg/ml)
occurs at a pH range of 2 to 5 [13, 14]. The bioakaitg of gatifloxacin is 96%. It is one of the
drugs with absorption window, so its primary site of absongs the stomach region. Research is
also going on the various delivery approaches for gasifimx Motwaniet al [15] has reported
nanoparticles for ophthalmic delivery containing gatifloxaéimal et al [16] has also reported
gatifloxacin biodegradable implant for treatment of expemtae osteomyelitis. Recently,
gatifloxacin is proved to be one of the potential druggirest H.pylori infection, responsible for
duodenal ulcers and various cytotoxic complications. H.py&sides mainly in stomach region,
specifically in the sub-region of the mucous layer tonsach [17]. It is also reported that a
stomach specific locally targeted dosage form would be reffective against H.pylori compared
to the conventional one [17]. So it demands prolongedcandtant drug conc. at that particular
site to eradicate the infection. This leads to the foatrar of clinically acceptable sustained-
release dosage forms of gatifloxacin. The gastrdiretetirug delivery systems can be retained in the
stomach and assist in improving the oral sustained ettgliof drugs that have an absorption
window in a particular region of the gastrointestinal trabie Tocal delivery of gatifloxacin by
this approach will also promote a fast and effective ertiditeof H.pylori rather than a
conventional tablet containing gatifloxacin.

In the work reported here, a Box-Behnken design yil&3 used to optimize floating matrix tablet
containing gatifloxacin. The independent variables seleatece Compritol ATO 888 (¥,
poloxamer 188 (¥ and chitosan (¥. Batches were prepared by wet granulation method and
evaluated for Floating lag time (FLT), total floating timd={) and time required to release 50%
of the drug {s0) as dependent variables.
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MATERIALS AND METHODS

Materials:

Compritol ATO 888 was a gift from Gattefosse (Sesty Cedex, France). Poloxamer 188 was
gifted BASF India Limited (Mumbai, India). Chitosavas gifted by Mahtani chitosan pvt. Ltd.
(Veraval, India). Gatifloxacin was purchased fronest¥Coast Pharmaceuticals Ltd. (Ahmedabad,
India). Concentrated hydrochloric acid (HCL) wasdty supplied by Purvi Chemicals (Ahmedabad,
India). All other chemicals were of analytical gead

Methods:

Fabrication of gatifloxacin floating tablets

Gatifloxacin was mixed with the required quantifyG@ompritol ATO 888, poloxamer 188 and
chitosan, sodium bicarbonate and lactose with tulspan a mortar for 5 min. Isopropyl alcohol
was added drop wise until a suitable mass for dasion was obtained. Then the wet mass was
granulated through a 10 mesh sieve. The granules dvieed at room temperature (35 °C) for 1 h
and then blended with 2% talc, 1% magnesium steamatl compressed on a 8-station rotary
tablet compression machine (Rimek, India) usin@.&-inm standard flat-face punch.

Box-Behnken experimental design

A Box-Behnken statistical design with 3 factors]e®els, and 15 runs was selected for the
optimization study. The experimental design cossidta set of points lying at the midpoint of
each edge and the replicated center point of thkicimensional cube. The independent and
dependent variables are listed in Table |I. The rmpmlyial equation generated by this
experimental design (using Sigma Plot 11) is de\i:

Yi =hy+ by X+ by Xo + by Xz + byp Xq Xo+ by Xq Xz + bz Xo Xz + byg Xq % + bpp Xo + buaXs”
(1)

where Yi is the dependent variable,ib the intercept, bto ksz are the regression coefficients,
and X, X; and X are the independent variables that were selectmtn the preliminary
experiments.

I'n vitro buoyancy studies

Thein vitro buoyancy was determined by floating lag times atiogrto the method described
by Rosaet al [19]. The tablets were placed in a 100-mL beaketaining 0.1 mol T HCI. The
time required for the tablet to rise to the surfacel float was taken as the floating lag time
(FLT). The experiments were conducted in triplicate

I'n vitro dissolution studies

The release rate of gatifloxacin from floating matablets i = 3) was determined using the
Dissolution Testing Apparatus Il (paddle method)eTissolution test was performed using 900
ml of 0.1 mol L* HCI, at 37+0.5 °C and 50 rpm. A 5-mL sample washdiawn from the
dissolution apparatus hourly for 24 h, and the dampvere replaced with fresh dissolution
medium.
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The samples were filtered through a 0.45pmembrane filter and diluted to a suitable
concentration with 0.1 mol & HCI. Absorbance of these solutions was measure2D2nm
wavelength Xmax) using a Shimadzu UV-1700 UV/Vis double-beanmecsmphotometer
(Japan). Cumulative drug release was calculatedgusiie equation generated from Beer
Lambert's calibration curve in the linearity rangfe0-25 pg mC*. FLT and TFT of the tablets
were measured during dissolution studies.

Statistical analysis

Statistical analysis of the Box-Behnken design tedgcwas performed by multiple regression
analysis using Microsoft Excel. To evaluate thetdbation of each factor with different levels
to the response, the two-way analysis of variadd¢QVVA) was performed using the DESIGN
EXPERT 8.0.1 (STAT-EASE) demo version software.graphically demonstrate the influence
of each factor on the response, the response supiats were generated using the DESIGN
EXPERT 8.0.1 (STAT-EASE) demo version software.

Checkpoint Analysis

A checkpoint analysis was performed to confirmrble of the derived polynomial equation and

contour plots in predicting the responses. Valdeadependent variables were taken at 3 points,
1 from each contour plot, and the theoretical v&@loETFT were calculated by substituting the

values in the polynomial equation. Floating matiablets were prepared experimentally at 3
checkpoints and evaluated for the responses.

Optimization Data Analysis

The computation for optimized formulation was cadrusing software, DESIGN EXPERT 8.0.1
(STAT-EASE). The optimized formulation was obtainky applying constraints (goals) on
dependent (response) and independent variablaer§acConstraints for responses and factors
are shown in Table 2.

The models were evaluated in terms of statisticallynificant coefficients and Rvalues.
Various feasibility and grid searches were condiitbefind the optimum parameters. Various 3-
D response surface graphs were provided by thegbBeBixpert software. The optimized
checkpoint formulation factors were evaluated fariaus response properties. The resultant
experimental values of the responses were quamthatcompared with the predicted values to
calculate the percentage prediction error.

All batches contain 400 mg of gatifloxacin, 10% ismadl bicarbonate, 2% talc, 1% Magnesium
stearate and a sufficient quantity of lactose jasidhe average mass of tablets to 650 mg.
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Table I. Variables and Observed Responses in Box-Beken Design for compression
coated tablets

Independent Dependent variables Levels used, Actual (Coded)
Batch variables _ _
X, | X, | X Y, Y, Y3 Low | Medium High
(-1) 0) (€]
S1 -1 1 0 1+0.5 3.310.1 13.1+0.1
S2 0 -1 -1 8+2 10.8+0.4| 12.5+0.1
S3 1 -1 0 3+1 24.840.5| 13.3+0.¢
S4 -1 0 -1 1044 5+0.2 12+0.2
S5 -1 0 1 612 6.1+0.1 11.9+0.1
S6 0 -1 1 2+0.5| 24.840.4| 14.8+0.2
S7 1 0 1 | 25+4 6.4t0.3 14.7+0.3
S8 -1 -1 0 3*1 8.8:0.4 12+0.0
S9 0 0 0 | 3t15 3.30.4 15.8+0.1
S10 1 1 0 | 1445 5.2£0.1 12+0.2
S11 0 1 -1 325 4.4+0.1 12.8+0.1
S12 0 1 0 1443 5.740.2 11.1+0.4
S13 1 0 -1 | 2+0.5| 24.840.3] 11.3+0.2
S14 0 0 0 4+1.5 4.6+0.1 14.5+0.3
S15 0 0 0 3.5+1 3.6+0.2 15+0.2
Independent variables
X1 = Conc. of Compritol ATO 888 (%) 10 20 30
X, = Conc. of poloxamer 1886) 5 10 15
X3 = Conc. of chitosan (%) 15 25 35
Dependent variables
Y, = Floating lag time (FLT) (S)
Y ,= total floating time (TFT) (h)
Y ;= time required to release 50% of the dryg) ()
Table Il Constraints for optimization
Name Goal Upper limit Lower limit
Conc. of Compritol ATO 888 (%) In range 30 10
Conc. of poloxamer 188%6) In range 15 5
Conc. of chitosan (%) In range 35 15
Floating lag time (FLT) (S) Target - less thanss0
total floating time (TFT) (h) Target - between 20-.
time required to release 50% of the drug) (h) | Target - between 10-12 h

RESULTS AND DISCUSSION
In the present investigation, combinations of tiwpelymers were studied using the Box Behken
design. The mathematical models developed forhal dependent variables using statistical
analysis software are shown in Equations (2-4):

Floating lag time (FLT) = 4.85 + 3.00% 6.67 % + 0.11% + 6.75 %Xz + 8.26% - (2)
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Total floating time (TFT) = 8.91 + 4.75:X 7.32X% - 1.76% - 3.52X% X3 - 4.88X% X3 - 6.19X%X3-
)

Time required to release 50% of the drug) @ 14.78 + 0.29X- 0.57% + 0.61% - 0.60X%X>
+0.87%X3 - 0.75%X3 - 1.25%° - 1.16X%7 - 0.80%7--- (4)

The floating lag time for all tablets was foundlie below 60 s regardless of the content of
polymers used (Table 1), indicating insignificaffiteet of the concentration of polymers. Lower
value of the correlation coefficient (ER) clearly indicates that the response is independe
the factors studied. This was due to evolution anttapment of carbon dioxide inside the
hydrated polymeric matrices, resulting from theerattion between the gas generating agent
(NaHCQ;) and dissolution medium (0.1 mol'LHCI, pH 1.2) which led to lowering of the
density of matrices enabling the tablets to float.

The results of TFT andso showed wide variations (Table ). From the reswatsmultiple
regression analysis, it was found that the dependanables, TFT andso, are strongly
dependent on the independent variabfes 0.05). The correlation coefficients indicate ado
fit. Polynomial equations (E@® and 4) can be used to draw a conclusion after derieg the
magnitude of the coefficient and the mathematiagh & carries (positive or negative). As the
amount of poloxamer 188 increased, TFT decreaded; may be due to high affinity of
poloxamer 188 toward water, which promotes waterepation into tablet matrices, leading to
increased density. As the amount of compritol ATEB 8ncreased, TFT increased; this is
because of increased gel strength of matrices,hyievents escape of evolved carbon dioxide
from matrices, leading to decreased density. As dheunt of chitosan increased, TFT
decreased; this is because of the poor gellinghgtineof chitosan. This effect of polymer
concentration is reflected in formulations S3, 8@ &13 (shown in Table I). As the amount of
compritol ATO 888 and poloxamer 188 increased, asnst release of gatifloxacin was
observed. Since gatifloxacin is freely soluble aid&c media, compritol ATO 888, because of its
lipid nature, control and sustain the release @f dnug. Due to high affinity of poloxamer
towards water, water penetration into tablet mesimcreased, leading to solubilization and
release of gatifloxacin.

Table Ill. Checkpoint batches with predicted and masured TFT

Batch code X X5 X3 TFT (h)
Measured® Predicted
1 0 -0.5 0.5 20.8+0.4 20.15
2 0.5 0 -0.5 18.8+0.3 19.05
3 -0.5 0.5 0 2.310.1 2.45

®Mean £SD, n = 3.

Three checkpoint batches were prepared and evdlf@tel FT, as shown in Table Ill. Results
indicate that the measured TFT values were as &ghetVhen measured TFT values were
compared with predicted TFT values using Studdrist, the differences were found to be not
significant. Thus, we can conclude that the obthimeathematical equation is valid for
predicting TFT.
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To demonstrate graphically the effect of the amairdompritol ATO 888, Poloxamer 188 and
chitosan, the counter and response surface plots generated for the dependent variables FLT,

TFT andtsg
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Fig. 1 (a) and 1(b) counter plot and response surte plot for the effect of polymer amount
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Formulation Optimization

For the optimization of floating tablets of gatikcin, constraints were fixed for all factors and
response (Table 2). Constraints were set accorinigrmulation of floating granules using
minimum amt of excipients, which would give desiredponse values. In the present study our
aim was floating lag time should be less than 6Gl@ating time should be 22 hrs. ang%
should be 12 hrs. In optimization (Fig. 4) desilighD.984 indicated optimum formulation was
achieved at 25.25 % 0f1X13.62% of % and 15% of X. Validation of optimization technique
done by preparing check-point batch and response &@aluated. The responses value observed
in checkpoint batch was very near to optimized lbatc
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CONCLUSION

Compritol ATO 888, poloxamer 188 and chitosan digantly affect FLT, TFT andsg of the

formulated GFDDS. When they are used in combinafian developing GFDDS, high to
moderate amount of Compritol ATO 888, low to modei@mount of poloxamer 188 and low to
high amount of chitosan is to be used to achieeedésired FLT, TFT and release profile

required for once daily formulations.
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