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ABSTRACT

Present study aims to prepare and evaluate Gatftfoxmicrospheres by ionotropic gelation methodoAgall the
formulations S12 was selected as optimized fornaugtfor based on the physico chemical parametads drug
release studies. In thie vitro release study of formulation S12 showed 95.21%% 48 h in a controlled manner. In
vitro drug release profile from optimized formutatiwas applied on various kinetic models. The bestith the
highest correlation coefficient was observed in Wdilgi model, indicating diffusion controlled printgp The
innovator Abygate 400mg conventional tablet shdwesdrug release of 97.23 within 1 h. FT-IR and D®@lyses
confirmed the absence of drug-polymer interactibime results obtained from evaluation and perforneasttidy of
different types of Gatifloxacin microspheres thggtem may be useful to achieve a controlled driepse profile
suitable for peroral administration and may helprémluce the dose of drug, dosing frequency andor®patient
compliance when compared with marketed product.

Key words: Gatifloxacin, SEM, microspheres, sodium alginatiguchi.

INTRODUCTION

Controlled drug delivery by encapsulating the dimsjde polymeric carriers has made great progmedast two

decades as it can enhance the drug release arehde@dverse effects [1, 2, 3, 4] by drug locatinadt the site of
action and by controlling the drug release [5]. btmrer, entrapment inside the polymers can alsoldshie

sensitive drugs (e.g., peptides/proteins) from dhahand enzymatic decomposition. Microspheres ligesl using
biodegradable polymers are widely used to achieveraclled release of drugs [6, 7]. The chief adagetof using
biodegradable polymers is that after performingrtteesks they break down in a biologically friendhanner.

For the treatment of chronic diseases it is impurta take medication several times, this may feafluctuating
drug level in body. In order to avoid frequent dadministration and maintenance of therapeutic deugl in body
it is essential to administer drug by a sustainddase system. Drugs with short elimination hd# kre most
suitable for sustained release formulations. Susthdelivery of drugs can be achieved by microsghéarmulation

[8].
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Gatifloxacin is a fourth-generation 8-methoxy flaquinolone derivative(1-cyclopropyl-6-fluoro-8-metty-7-(3-
methylpiperazin-1-yl)-4-oxo-1,4-dihydro-quinolineearboxylic acid) with a broad spectrum of activity
encompassing gram-positive and gram-negative patiggncludings. epidermidis S. aureus, S. pneumoniae, S.
pyogenes H. influenzag E. coli, B. cereusN. gonorrhoeagandP. mirabilig9] The aim of present work is to
design and in vitro evaluation of Gatifloxacin nuspheres to prolong the drug release in a controtbanner
throughout the specific period of time.

MATERIALS AND METHODS

Materials:

Gatifloxacin pure drug was generous gift from Deddy’'s Laboratories Ltd., Hyderabad, India. Sodialginate
was obtained from Pruthvi Chemicals, Mumbai. Xamtlgum was gifted from MSN Labs Ltd. Hyderabad. All
other chemicals used were of analytical grade.

Preparation of Gatifloxacin microspheres:

Gatifloxacin microspheres were prepared with polgrike sodium alginate and calcium chloride bydtopic
gelation method. Different formulation trials of {laxacin were prepared using different concembraiof polymer
and cross linking agent. Total 14 formulations degeloped using sodium alginate, gelating, peatith @alcium
chloride in different concentrations. In this medhweighed quantity of Gatifloxacin was added to rhD8odium
alginate solution and thoroughly mixed at 500 rgResultant solution was extruded drop wise with tiedp of
syringe and needle into 100ml aqueous calcium wdosolution and stirred at 100 rpm. After stirrify 10
minutes the obtained microspheres were washedwater and dried at 60 degrees-2hours in a hotwn @nd
stored in dessicater.

Table 1: Preparation of Gatifloxacin microspheres

FORMULATION CODE | GATIFLOXACIN (g) BODIUM ALGINATE G ELATIN(mg) | CALCIUM CHLORIDE

S1 4 1% 1000 7%

S2 4 12% 0.858 7%

S¢ 4 1.4% 0.71¢ 7%

S4 4 1.6% 0.574 7%

S5 4 1.8% 0.432 7%

S6 4 2% 0.290 7%

S7 4 2.2% 0.148 7%
FORMULATION CODE | GATIFLOXACIN(g) $ODIUM ALGINATE PE CTIN(mg) | CALCIUM CHLORIDE

S8 4 1% 1000 10%

S9 4 1.2% 0.858 10%

S10 4 1.4% 0.716 10%

S11 4 1.6% 0.574 10%

S12 4 1.8% 0.432 10%

S13 4 2% 0.290 10%

S14 4 2.2% 0.148 10%

Micromeretic properties of Gatifloxacin microspheres:

Particle size:

The 100 microspheres were evaluated with respettidio size and shape using optical microscopeditiith an
ocular micrometer and a stage micrometer. Theghartiameters of more than 100 microspheres wersured
randomly by optical microscope [11].

Angle of repose:

Angle of reposefl) of microspheres measures the resistance to learfiow, and is calculated according to fixed
funnel standing cone method. Whe#@ i angle of repose, H/D is surface area of tke tanding height of the
microspheres heap that is formed on a graph pdgemaaking the microspheres flow from glass funnel

0 = tan? (h/r)

Bulk density:
Volume of the microspheres in the measuring cylindas noted as bulk density.
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Wt of powder

Bulk density =
Bulk volume of pder

Tapped density:
Change in the microspheres volume was observeaahamical tapping apparatus.

Wt of micrdsges
Tapped density = -----------m--m-mmmoom oo
Tapped volume of mipheres

Compressibility index:
Also called as Carr’s index and is computed acogrdd the following equation.

Tapped density - Bulk density
Carr's compressibility index= X 100
Tapped density

Hausner’s ratio:
Hausner’s ratio of microspheres is determined bynmaring the tapped density to the fluff densityngsthe
equation. [12]
Tapped density
Hausner's ratio =  ---------------------
Bulk density

Evaluation of Gatifloxacin microspheres:

Swelling index:

Swelling index was determined by measuring thergxté swelling of microspheres in the given medidractly
weighed amount of microspheres were allowed to lswajiven medium. The excess surface adhereddigudps
were removed by blotting and the swollen microsphenere weighed by using microbalance. The hydio ge
microspheres then dried in an oven at 60 degreeshfaintil there was no change in the dried massaofple. The
swelling index of the microsphere was calculatediting the formula. [13].

Swelling index= (Mass of swollen microspheres - Matdry microspheres/mass of dried microspheres)X

Drug entrapment efficiency and % yield:

In order to determine the entrapment efficiency,ni@ of formulated microspheres were thoroughly lceasby
triturating and suspended in required quantity eftmanol followed by agitation to dissolve the poimand extract
the drug. After filtration, suitable dilutions wemeade and drug content assayed spectrophotombtrata®92nm
using calibration curve. Each batch should be erachfor drug content in a triplicate manner. [14]

% Drug entrapment = Calculated drug concentrafldreéretical drug concentration x 100
% vyield = [Total weight of microspheres / Total gki of drug and polymer] x 100

In vitro drug release studies:

In vitro drug release studies for developed Gatdlin microspheres were carried out by using digiwoi
apparatus Il paddle type (Electrolab TDL-08L). Tdrag release profile was studied in 900 ml of 0.H®I at 37+
0.5°C temperature at 100 rpm. The amount of drug reless determined at different time intervals of,02, 3, 4,
6, 8, 10& 12 hours by UV visible spectrophotomégimadzu UV 1800) at 292nm. [15]

Kinetic modeling of drug release:

In order to understand the mechanism and kineticdrag release, the result of thevitro dissolution study of
microspheres were fitted with various kinetic equa, like zero order [16](percentage release Wse), first
order[17] (log percentage of drug remaining to bkeased vs. time) and Higuchi's model[18] (Perogatdrug
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release vs. square root of time). Correlation ¢diefit () values were calculated for the linear curves iobthby
regression analysis of the above plots.

Drug excipient compatibility studies
The drug excipient compatibility studies were arout by Fourier transmission infrared spectipgdFTIR)
method, Differential Scanning Calorimetry (DSC) &ieM.

Fourier transform infrared spectroscopy (FTIR)

FTIR spectra for pure drug, physical mixture antimjzed formulations were recorded using a Foutiiansform
Infrared spectrophotometer. The analysis was ahrdet in Shimadzu-IR Affinity 1 Spectrophotometdihe
samples were dispersed in KBr and compressed iatdpéllet by application of pressure. The pelig&se placed
in the light path for recording the IR spectra. Beanning range was 400-4000 tand the resolution was 1 &m

Differential Scanning Calorimetry (DSC)

Differential Scanning Calorimetry studies were matrout using DSC 60, having TA60 software, Shinnadapan.
Samples were accurately weighed and heated indsalleinum pans at a rate of 10°C/min between 263&9°C
temperature rang under nitrogen atmosphere, enyatyirum pan was used as a reference.

SEM studies
The surface and shape characteristics of pelletee wdetermined by scanning electron microscopy (SEM)
(HITACHI, S-3700N). Photographs were taken and réed at suitable magnification.

Stability studies

The stability study of the optimized formulation svaarried out under different conditions accordtogICH
guidelines. The optimized microspheres were stoned stability chamber for stability studies (REMiake).
Accelerated Stability studies were carried out @@ / 75 % RH for the best formulations for 6 montfibe
microspheres were characterized for the percenyadd, entrapment efficiency & cumulative % drudessed
during the stability study period [19]

RESULTS AND DISCUSSION

Gatifloxacin normal microspheres:

Figure 1: Gatifloxacin normal microspheres
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Table 2: Micromeritic properties of Gatifloxacin microspheres

Formulation code | Particle size (um)| Bulk density (&pc3) Tapp((;(ljcgae)nsny Angle of repose| Carr'sindex| Swelling index
S1 61.12+0.08 0.66 0.69 27°.74 9.34% 64%
Sz 66.29+0.1: 0.74 0.72 29°.67 8.34% 69%

Sz 67.43+0.0 0.7€ 0.72 30°.54 8.12% 70%

S4 69.67+0.09 0.79 0.73 31°.15 9.23% 71%
S5 78.45+0.04 0.89 0.75 27°.93 14.56% 79%
S6 71.45+0.09 0.92 0.76 27°.21 13.95% 87%
S7 87.29+0.13 0.94 0.76 26°.54 10.32% 93%
S€ 67.45+0.0: 0.6€ 0.5¢ 27.93 14.56% 69%

S¢ 78.45+0.0! 0.67 0.62 26°.54 13.95% 70%
S10 71.23+0.14 0.69 0.64 27°.91 10.32% 75%
S11 75.12+0.08 0.71 0.66 26°.74 9.34% 84%
S12 64.45+0.09 0.72 0.68 24°.67 8.34% 96%
S13 63.43+0.04 0.76 0.73 26°.54 8.12% 92%
S14 61.13+0.09 0.87 0.78 29°.15 7.23% 89%

Gatifloxacin microspheres of 14 formulations weregared by ionotropic gelation method. All the fotations
were evaluated for particle size, bulk densityptap density, angle of repose, carr’'s index and lsweindex and
found to be within the limits, the results were idegd inTable 2.

The results of % vyield, entrapment efficiency amneéling index was found to be satisfactory whiclowh inTable
3. The formulation S12 showed the best percenyedd and entrapment efficiency values of 96.30% 85.66%

respectively.
Table 3: Percentage drug yield and entrapment effiency of Gatifloxacin microspheres

Formulation code | Percentage yield] Entrapment effi@ncy
S1 70.00% 69.00%
S2 71.00% 72.00%
S3 81.00% 80.00%
S4 83.87% 83.30%
S5 86.30% 85.20%
S6 91.30% 91.30%
S7 87.50% 90.10%
S8 76.00% 74.03%
S9 81.00% 82.00%
S10 84.00% 83.00%
S11 86.09% 85.00%
S12 96.30% 95.66%
S13 93.30% 91.03%
S14 85.30% 84.88%

In vitro dissolution studies:

Dissolution studies were conducted for all Gatiflox micorspheres and the % drug release of allaimulations
were tabulated iTable 4. The formulations S12 was shown highest % drugasseof 95.21% within 12 hrs and
the results are depicted Trable 5. The drug release of optimized formulation S12 wasontrolled manner when
compared with innovator product Abygate i.e 97.2(ww 1h.

Table 4: In vitro cumulative % drug release of Gatfloxacin microspheres:

Time Abygate 400mg immediate
() S1 S2 S3 S4 S5 S6 S7 release)

0 0+ 00 0+0 0+0 0+0 0+0 0+0 0+0

1 13.09+0.12| 17.87+0.66 10.34+0.41 14.23+0/23 12.343(0 15.31+0.22| 10.10+0.19 97.23+0.98

2 23.09+0.21| 23.06+0.67 21.79+0.91 20.12+0/11 25.3&B(0 22.15+0.32] 21.30+0.2p

3 28.23+0.11| 31.05+0.32 31.85+0.49 32.04+0/98 36.123() 34.19+0.56| 35.45+0.3p

4 42.11+0.21| 38.20+0.2] 39.90+0.71 44.40+0J16 46.28»() 45.23+0.32 49.89+0.76

6 45.39+0.11| 49.30+0.1¢ 48.90+0.16 51.00+0/32 52.3m*() 58.73+0.42| 64.80+0.88

8 54.23+0.21| 58.30+0.87 63.31+0.21 62.35+0)88 65.3() 67.46+0.41] 73.60+0.54

10 67.20+0.11| 68.940.21| 72.22+0.1]1 74.30+0.21 78.58(. 81.25+0.22| 83.85+0.98

12 71.34+0.22| 73.25+0.22 81.31+0.32 84.50+0/34 86.3M8:(0 92.12+0.45 90.41+0.2p
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Figure 2: In vitro cumulative % drug release of Gdifloxacin microspheres

Table 5: In vitro cumulative % drug Gatifloxacin sodium alginate release of microspheres formulation

Time (h) S8 S9 S10 S11 S12 S13 S14
00 010 010 00 00 00 00
1 11.0520.16| 13.23#04% 14.23:0.92 150020[98 16.20#) 18.62#0.12] 14.630.1
2 25.40:0.45| 23.34#0.33 24.80:0.44 254020[53 24.233) 23.01:0.58] 32.0120.3
3 29.0120.21| 30.08#059 31.38:0.45 30552054 31.983) 29.11+0.87] 37.150.4
4 44.40+0.16] 38.90+0.34 40.10:0.45 38.20:0[31  40.245( 38.24%0.17] 44.830.1
6

8

o

48.30+0.22| 49.91+0.77 51.60+0.1 52.30+0}44 54.201() 52.83+0.16] 57.76+0.8
54.35+0.77| 61.20+0.34  60.30%0.7 63.30+0J54 68.24B3-() 67.03+0.22| 64.60+0.7
10 67.90+0.64| 70.10+0.6] 74.60+0.7 69.92+0J44  72.31%3() 82.62+0.31] 75.56+0.4
12 72.30+0.52] 80.20+0.7] 83.50+0.4 85.42+0J18 95.211() 94.36+0.18] 85.00+0.6
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Figure 3: In vitro cumulative % drug release of Gatifloxacin microspheres

Mathematical modeling of Gatifloxacin optimized migospheres (S12):
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Table: Release order kinetics of optimized normal nerospheres (S12)

Zero Order First Order Higuchi Korsmeyer-Peppas
Formula Code R? K R? K RZ K R2 N
S12 0.975| 7.291 0.872 0.103 0.950 31|53 0.659 2.123

Thein vitro release profiles from optimized formulations wapplied on various kinetic models. The best fithwit
the highest correlation coefficient was observedero order and Higuchi model, indicating diffusiocontrolled
principle. Further the n value obtained from the Korsmeyetsplee., 2.123 suggest that the drug release from
microspheres was anomalous Non fickian diffusion.

Drug excipient compatibility studies:
Fourier Transform Infrared Spectroscopy (FTIR)
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Figure 4: FT-IR spectrum of pure drug Gatifloxacin
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Figure 6: FT-IR spectrum of Gatifloxacin optimized formulation S12
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FTIR was carried out to check the drug excipietgriaction. The FTIR peak of Gatifloxacin is almsshilar to that
of the peak obtained with excipient and all thekseaf the functional group is in proper range. Henit can be
concluded that the drug Gatifloxacin was found ® dompatible with the excipient used in the degigne
formulation.

DSC Studies:
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Figure 7: DSC thermogram of Cimetidine pure drug (A and optimized formulatin S12 (B)

DSC was used to detect interaction between Gatiliox and excipients. The thermogram of pure Gadftin
(Figure 7) exhibited a sharp endotherm melting point at 482The thermogram of optimized microspheres loaded
with Gatifloxacin (R9) exhibited a sharp endothemelting point at18FC (Figure 7). The DSC thermogram of
microsphere loaded with Gatifloxacin retained prtips of pure Gatifloxacin. There is no considesabhange
observed in melting endotherm of drug in optimiZednulation. It indicates that there is no interactbetween
drug & excipients used in the formulation.

Scanning Electron Microscopy:

SEM of Gatifloxacin normal microspheres

The external and internal morphology of controlledease microspheres were studied by Scanning retect
Microscopy.

15.0kV 7.3mm x50 BSECOMP 70Pa

Figure 8: Scanning electron micrographs of Gatifloacin microspheres
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15.0kV 6.6mm x80 BSECOMP 70Pa

Figure 9: Scanning electron micrographs of Gatifloacin microspheres

Morphology of the various formulations of Gatifl@ia microspheres prepared was found to be disaate
spherical in shapdFigure 8&9). The surface of the Gatifloxacin microspheres wasgh due to higher
concentration of drug uniformly dispersed at thelaoolar level in the sodium alginate matrices. Ehare no
crystals on surface which states that is drug ifoumly distributed.

Stability studies:

Optimized formulation S12 was selected for stabifitudies on the basis of high cumulative % drugase.
Stability studies were conducted by performing Betage yield, %Entrapment efficiency amnevitro drug release
profile for 6 months according to ICH guidelin€som these results it was concluded that, optimfeechulation is
stable and retained their original properties.

CONCLUSION

In the present study, an attempt was made to prepatifloxacin floating microspheres, which wereuctcterized
for particle size, scanning electron microscopy;IRTstudy, DSC, percentage yield, %drug entrapmstathility
studies and found to be within the limits. Amongthe formulations S12 was selected as optimizethfitations
based on the physico chemical studies and druggselstudies. In tha vitro release study of formulation S12
showed 95.21% of drug release after 12 h in a ottett manner, which is essential for disease likptig ulcer.
Thein vitro release profiles from optimized formulations wapplied on various kinetic models. The best fithwit
the highest correlation coefficient was observeddiguchi model, indicating diffusion controlled pdiple. The
innovator Abygate 400mg conventional tablet shote drug release of 97.23% within 1 h. FT-IR and DSC
analyses confirmed the absence of drug-polymeraat®n. It may be concluded from the result obtained from
evaluation and performance study of Gatifloxacicnmspheres that system may be useful to achievmimotled
drug release profile suitable for peroral admimistn and may help to reduce the dose of drugndosequency
and improve patient compliance.
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