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ABSTRACT

Fungal keratitis is a sight threating ocular infext that most frequently occur as a infection ofidida species.
The present work describes the formulation anduatain of an ophthalmic delivery system of an antial agent,
fluconazole, based on the concept of ion-activateditu gelation. ocular in situ gels can increage drug
residence time thus increasing the bioavailabilielrite was used as the gelling agent in combarativith HPMC
E-50(Hydroxy Propyl methyl Cellulose) that actedaagiscosity-enhancing agent. Formulations werdwaitad for
physical parameter like clarity, pH, drug conteriteological studies, sterility test, in vitro druglease studies. the
formulations were therapeutically efficacious, $¢ahnd provide sustained release of drug over aopeof 8 Hrs.
These results demonstrate that developed systarast alternative to conventional ophthalmic drops
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INTRODUCTION

Ocular drug delivery is extremely interesting amghly challenging in field of pharmaceutical resgarEye drops
that are conventional ophthalmic delivery systeterofesult in poor bioavailability & therapeutisponse, because
of high tear fluid turn over & naso-lacrymal drageawhich leads to side-effects hence frequent adtration &
use of concentrated solutions serve to providereiggiherapeutic effect .ocular therapy would benificantly
improved if the precorneal resindence time of dragld be increased. Various ophthalmic deliveryteayssuch as
inserts, aqueous gels & ointments have been desglap order to lengthen resindence time but becadse
drawbacks like blurred vision and low patient coiapte from inserts not much used.[1,2]

Various in situ gelling system have been develdpethe use of polymeric solutions which exhibit smgel phase
transition as a result of exposure to physiologieaip. ph or ionic composition of the lachrymaldluSuch systems
upon administration undergo sol to gel transitiod increase ocular bioavailability. In situ gellisgstems are of
three types PH triggered system eg. Carbopol, loskuacetate phthalate latex, Temp. Dependant lagpric &
tetronic, lon-activated ex, gelrite,sodium algina@elrite is an anionic deacylated exocellular pabcharide
secreted by pseudomonas elodea with a tetra séehapeating unit of one-L-rhamnose, one d-glucnigr acid
and two-o-glucose residues. It has the capacitgrm fgels in presence of cations. HPMC used is anogity
enhancing agent.

The purpose of present study was to develop aradtirated in situ gelling system for fluconazoleiethis a
fluorinated bis-triazole derivative that has beéfedative against Candida species. Gelrite was usembination
with HPMC E-50 as viscosity enhancer for formulatiaf fluconazole eye drops (0.3%w/v) which undesgbto
gel phase transition when instilled into cul-dec-sheye.
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MATERIALSAND METHODS

Materials
Fluconazole was obtained as a gift sample from FYC Ltd. India. Gellan gum and HPMC were obtaiffien

sisco labs pvt. Ltd. and H.D. Fine Chemicals, Muinbadia respectively. All other reagents were oBlytical
grade.

Preparation of formulations

A 3 factorial design was used for formulation desigellan gum and HPMC E-50 were chosen as a indepéende
factor. There effect on dependant factors like agsty and drug release was observed. Aqueous solofivarying
concentrations of gellan gum and HPMC were preparetevaluated for gelling capacity and viscositpider to
identify the compositions suitable for as in sitllipgg system. The solution Polymer was preparedlispersing
gellan gum into de ionized water and heating updt for 20 minutes followed by cooling to room tengtere.
Drug solution was prepared by dissolving fluconazal water, to this solution add HPMC E-50 & MaohitDrug
solution was mixed with polymer solution using agmatic stirrer, Benzalkonium chloride was addedchtacts as
preservative. The prepared in situ gels were filledylass vials closed with rubber closures andeskeavith
aluminium caps and sterilized by autoclave a’¢2dr 20 minutes .[3,4]

Tablel. Variablesin Optimization Study

Variables level used

Independent Lower(-1) Middle(0) Upper(+1)

Gelrite(X1) 0.3 0.4 0.5
HPMCE50(X2) 0.5 0.6 0.7

Table2. Composition of fluconazolein situ gel formulation

Ingradients Formulation code

F1 F2 F3 F4 F5 F6 F7 F§ F9g
Fluconazole 0.3 0.3 0.3 0.3 0.8 0)3 013 Q.3 3
HPMC E-50 0.5 0.6 0.7 0.5 0.4 0.y 05 06 Q.7
Gellan gum 0.3 0.3 0.3 0.4 0.4 0.4 0[5 0.5 0.5
Mannitol 5 5 5 5 5 5 5 5 5
Benzalkonium chloridg 0.01 0.01L 0.1 0.1 0J01 00001| 0.01] 0.0]
Water g.s. 100, 100 10 100 100 100 1p0 100 100

Evaluation studies:-

a. Clarity

The clarity of the formulations before and afteligg was determined by visual examination of thenfulations
under light alternatively against white and blaelckgrounds.

b. FTIR Interaction Study:-
IR spectra were taken by using fourier transforfraned spectrophotometer (shimadzu, miracle-10§ fBlechnique
used was attenuated total reflectance and speesaeganned in range of 4000-400ciATIR study was carried on

pure drug, drug + physical mixture of polymerspfiatations to confirm compatibility of drug with @hExcipients
used in the preparation of in situ gels

c. Differential Scanning Calorimetry (DSC) study of physical mixture of drug and polymer

The differential calorimetric scanning of physicaixture of drug and individual polymer were carriedt using
Differential Scanning Calorimeter (mettler Toledarssystem, switzer Land). Samples were placedumiaium
crucibles and DSC thermo grams were recorded ahehgéng rate of 1%T/min in the range of ‘T to 304C. Air
was purged at the rate of 10 ml/min.

d. pH
The pH of each of prepared ophthalmic formulatierzs determined by using pH meter (equip-tronicéle pH
meter was calibrated before each use with starjtdrd, 7 and 9.2 buffer solutions. [5]

e. Assay

The specified volume (1ml) of each of the ophthalfiarmulations was taken and diluted with distilledter to
make concentration 20ug/ml. The samples were aedlygpectrophotometrically d@max of 261 nm. The
concentration of fluconazole in samples was deteethifrom a previously prepared calibration curvike Btudy
was done in triplicate.
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f. Test for gelling ability

Gelling capacity of formulations was evaluatedoidler to identify the formulations suitable for ugg in situ
gelling systems. The individual ophthalmic formidas (10Ql) were added into 2 ml of simulated tear fluid
contained in glass vials. The phase transitionaddit®n to viscous gel was observed. Accordinglgres were
assigned.[6]

Composition of simulated tear fluid:

Sodium chloride :0.670gm
Sodium bicarbonate :0.200gm
Calcium chloride dehydrate :0.08gm
De ionized water : 100ml

g. In vitro Diffusion studies

In vitro release studies were carried out using bi chambéoadr receiver compartment mode (Franz diffusion
cell). In vitro release of fluconazole was carried out in formaladi with different concentrations of gelrite using
dialysis membrane. The diffusion medium 26ml of ied tear fluid stirred at 50 rpm at®32 +0.5 C. One end

of the diffusion tube was covered by a dialysis rbemme. Thel ml formulation were spread on the digly
membrane and membrane was placed such that itgushes the diffusion medium (STF) present in remep
compartment. The drug samples were withdrawn atrttezval of one hour for the period of 8 hrs fraliffusion
medium and analyzed by a UV spectrophotometer hin?6 using simulated tear fluid as blank.[7]

h. Determination of viscosity of ophthalmic formulations
The viscosity values were estimated for both theparations i.e. ophthalmic solutions of fluconazdewell as the
preformed gels.[8]

i. Determination of viscosity of ophthalmic solutions

The specified volume of prepared ophthalmic sotutieas transferred in sample cell which was placaefally
within the adaptor (Brookfield DV-1I + PRO visconeet Adapter spindle No-18).The water of@5was circulated
through jacket of the adaptor. The viscosity valwese recorded.

ii. Determination of viscosity of preformed ophthalmic gels

The gellan gum gel formulations were prepared jirayl CaCl2 solutions to formulations. The gels wiemened
due to the interaction between gelrite and Ca2s.idie viscosity values were recorded using BretdkfDV-II +
PRO (spindle No. F with helipath attachment).

i. Sterility Testing
Sterility testing was performed for aerobic andeanhic bacteria and fungi by using fluid thioglyat® and soybean
casein digest medium respectively as per the Indi@rmacopoeia.

The method used for sterility testing was direcciation method.10 ml culture was added to 10®@fddulture
medium. Both media were kept for incubation alGZor 7 days and observed for any microbial grovithe
sterility test results were compared with positwvel negative controls.[9]

j. Ocular irritancy studies

The optimized formulations was used for in vivodits, the protocol was approved by Institutionalma Ethics
committee with approval no.004/2012. The Draizénbégue was designed for the ocular irritation ptoédrof the
ophthalmic products .According to the Draize télsé amount of substance applied to the eye is rtyrrh@0ul
placed into the lower cul-de-sac with observatibthe various criteria made at a designed required interval of
1hr, 24hrs, 48hrs, 72hrs and 1 week after admatistr.[10,11] Three male rabbits weighing 1.5 tg 2kere used
for the present study. The sterile formulation vesilled twice a day for a period of 7 days, ancr@ss-over study
was carried out (with a 3 day washing period witine was carried out before the cross-over studghbits were
observed periodically for redness, swelling, waigif the eye.

k. Accelerated stability studies

Selected sterilized formulations were stored afd:#bom temperature (27%j), 45+%c for a period of 1 month.
The formulations were evaluated at periodic intes$@ar drug content, clarity, pH, gelling capacitiigology, in
vitro drug release and sterility.
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RESULTSAND DISCUSSION

The use of gellan in in situ gel-forming is by fh@perty of its aqueous solution to transform isitiff gels when it
comes in contact with ions of tear fluid. The amamces of formulations were found to be clear. fllwemain pre
requisites of an in situ gelling system are visigoand gelling capacity. The formulation should &an optimum
viscosity that will allow easy instillation into ¢heye as a liquid which undergo rapid sol to gehdition.

Additionally, formed gels should preserve its imtggwithout dissolving for a prolonged period afme. The
formulation showed good gelling ability and had saransition within 60 seconds. A concentratior0&%o-

0.5%o0f gellan gum and 0.5%-0.7% of HPMCES50 wascsetkas it had satisfactory effect on viscosity galtling

capacity. The increase in viscosity is caused log<tinking of the negatively charged polysacctaatiélices by
monovalent and divalent cations. Less viscosityoltition stage facilitate easy installation of fotation in to eye
and spread due to blinking of eye. In contact withulated tear fluid at 3T the solutions instantly transformed to
gel form. The PH of all the formulations was in tlamge of 6.8-7.2. Terminal sterilization by auts@hg had no
effect on the appearance, pH, gelling capacity dscosity of formulations. The haziness that waseoked after
autoclaving was found to disappear and originaitglavas regained after standing for sometime.

Table 3 Evaluation parameters

Formuation codel PH gelation  Drug content
F1 6.8 ++ 98.91
F2 6.8 ++ 97.78
F3 7.1 +++ 95.34
F4 7.2 +++ 104.01
F5 6.7 +++ 99.03
F6 6.8 +++ 98.78
F7 6.9 +++ 103.09
F8 7.0 +++ 99.83
F9 7.2 +++ 101.44
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Note: ++ gelation immediate and remains for few rgu++ shows gelation immediate which last for féws.
Figl:- FTIR spectra of drug, drug+ polymer and prepared in situ gel formulation

The prepared in situ gelling system were evaludtednteraction studies to ensure that there isinteraction
occurred between drug and polymer. For confirmatibsetability of drug IR spectra of formulation wesken and
compared with pure drug. The results of these studéveal that there were no definite changes radxdain the
bands of drug with that of pure drug.

The DSC thermograms of physical mixture showed adtaristic endothermic peak corresponding to flazohe
around 1368C. Therefore, there was no interaction betweerlthg and polymer.
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Fig.2:- DSC thermogram of (a) fluconazole,(b)physical mixture of drug+ polymer

Rheological Evaluation:

It was observed that there was corresponding igeréa viscosity at solution phase of each Formutatvith
increasing concentration of bio adhesive polymer HPMC E-50 from 0.5% w/v to 0.7% w/v and also the
concentration of gellan gum from 0.3 to 0.5 %w/visddsities increases from 35-79 cps at 20 rpm. The
Formulations were shear thinning and an increashéar stress was observed with increase in angeilacity. As
angular velocity increases from 20-100 rpm theres \@acrease in viscosity. The administration of balmic
preparations should influence as little as posgisieudo plastic character of the precorneal filmc&the ocular
shear rate is high during blinking, viscoelastiads with a viscosity that is high under conditiafdow shear rate
and low under conditions of high shear rate aréepred.

To study effect of polymer conc. On viscosity egids generated, it shows that as the conc. Of patymereased
increase in viscosity as in fig. 2

Viscosity = 59.44+15.17* x1+6.33* x2-1.17 *%D.67*xZ......... (1)
Design-Expert® Software
Factor Coding: Actual
Miscosity
® Design points above predicted value
é79
35 80
X1 = A: gellan gum,
X2 = B: hpmc 50 70

viscosity

0.50

B: hpmc e50 A: gellan gum,

-1.00 -1.00

Fig.2:-Response surface plot for viscosity.
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Estimation of fluconazole

Estimation of drug contents in ophthalmic solutiomss carried out by spectrophotmetrically using UV
spectrophotometer (UV 1800, Shimazdu). The conteffisiconazole in the selectén situ gelling solution systems
were found to be 95%w/v-104%w/v.

In vitro diffusion study

Formulation f1 to f9 showed retardation of fluconkezrelease as concentration of gelrite increassa 10.3% to
0.5% and concentration of HPMC E-50 increased foB6 to 7%. Total release in 8 hrs was decreased $3.96
% to 76.91 %. Hydroxy propyl methyl cellulose isdhgphilic and swellable polymer, hence it causemtdase in
viscosity & decrease in diffusion of the drug otlee period of 8 hrs. Also formulations show retdiatain drug
release as compared to marketed formulation. Témorese surface plot shows the effect of polymecentnation
on drug release.

The drug release conditions in vitro may be veffedent from those likely to be in the eye. Howewbe results
clearly show that gels have the ability to retdirtdénazole release and premature drug releasaaetilbceur. In cul-
de-sac, the gels will probably undergo faster sdaaf drug due to shearing action of eyelid.

diffusion through dialysis membrane
120
—o—f1
100
——f2
80 —
_ —h—f3
8 0. ew v
9 —f4
40 +—— /C/O' ——f5
20 ’_( —o—f6
0 T T T T 1 f7
0 2 4 6 8 10 f8
time in hours f9

Fig 4. % Cumulative drug release of fluconazolein situ gel formulations compar ed with mar keted for mulation F- 10. (Zocon eye drop)

To understand the effect of polymer conc. On drlgase, coefficient observed for release was fittexty. (2). The
(-) coefficient of both variables shows that asyp@r conc. Increases there was decreases in daagesfig.5

Drug release = 91.16- 4.40 * x1- 4.94* X2.........cccn...s (2)

Sterility testing
The formulations cleared the sterility test as¢h&as no evidence of microbial growth when incutbdte more
than 7 days. Results mentioned in table 4.

Table4: Sterility test data of prepared In situ gels

Formulation code Days of incubation
112 3]| 4| 5| 6] 7
F1 - - - -]
F2 -l - - -] -
F3 -l - - -] -
F4 -l -] - -
F5 -l - - -] -
F6 -l - - -] -
F7 -l - - -] -
F8 -l - - -] -
F9 R
Note:- (-)sign indicates no growth
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Design-Expert® Software

Factor Coding: Actual

drug release

e Design points aboe predicted value
°

94.67
100
76.91
X1 = A: gellan gum,
X2 = B: hpmc €50

drug release

A: gellangum, 0% )
0.50 - 1.00

1.00 -1.00

B: hpmc €50
Fig.5:- Response surface plot for drug release.

Ocular irritancy studies
The results of ocular irritation studies indicdtattan optimized formulation was non-irritant. Noutar damage or
abnormal signs to the cornea, iris or conjunctiwaee visible. Excellent ocular tolerance was noted.

Accelerated stability studies
Stability studies were carried out on optimisedifalations. The formulations tested was found talear with no
change in PH , drug content, viscosity, in vitrtease and gelling capacity.

CONCLUSION

Fluconazole which is a anti fungal agent used énttbatment of fungal keratitis was successfullynfdated as a in
situ gel using gelrite as a polymer. Gelrite asbirgy agent used in combination with methocel BS0a viscosity
enhancing agent. The formulation was liquid andemwent rapid gelation upon coming in contact withs of tear
fluid. The gel formed in situ afforded sustainedugirrelease over an 8-h period. The formulationsewer
therapeutically efficacious. Stability data indiesthat the formulations to be stable. The develdpamulation is a
viable alternative to conventional eye drops byudrof its ability to enhance bioavailability thgiuits longer
precorneal residence time and ability to sustairgdelease. Also important is the ease of admatistn afforded
and decreased frequency of administration resuitirgetter patient acceptance.

Acknowledgement
The Authors are thankful Dr. M. J. Patil, principilarathwada Mitra Mandal's College of pharmacy ffiooviding
the facilities for the present work.

REFERENCES

[1] Farah Siddiqui, Abul Kalam , Nayyar Parvez ,Sumada® , Yasmin Sultana , Asgar Ali M.Aqil , A.K Misa
and K Chuttani.Continental J. Pharmaceutical Scien@888, 2, 1 — 14.

[2] Shall J et al,Inter Jour of Pharmaceuti¢4982,241,47-55,

[3] J carlfors, K Edsman, R Peterson, K Jornviriguy j pharmscil998, 6,113.

[4] K kavita; NJ Rajasinternational journal of pharm Tech Resea@il,3,2,702

[5] RC Doijad, FV Manvi, VSN Malleswara, Prajakta Alagad J PharmSck006, 68(6), 809-814.

[6] Harath S, Sindhu A, Furtado S, Basavaraj B, Devesw&® and Madhavan VJ. Pharm Sci, 22(2), 175-
179,@009).

[7]1J Padma Preetha, K Karthika, NR Rekha and Khaktidfie.2010, 2(3), 528-535.

[8] Sechoy O,Inter Jour of Pharmaceutic®07,109-116,2000).

[9] Controller of Publicationindian PharmacopoeiaVvol. 2, Ministry of Health and Family Welfare, Garnment
of India, New Delhi, pp: A117- A147.

[10]J Draize, G Woodward, O Calvery. J Pharm&oq Ther.1944, 82, 377-390.

1234
Scholar Research Library



Sudam Nagargoje et al Der Pharmacia Lettre, 2012, 4 (4):1228-1235

[11]H Michael, H Mustafa, J Mehdi, Taravat Toxicol Sci 2003, 76, 384-391.

[12]Balsubramanyam J, Kant S, Pandit JGta Pharm 2003,53, 251-261.

[13]Chandra Mohan Eagal, Jagan Mohan Kandukuri,VenktasAllenki and Madhusudan Rao YamsobDger
Pharmacia Lettrg2009,1(1),21-33.

[14]K Rathore; K Nemalnternational journal of pharmaceutical sciencegladrugresearch2009,1,1,1.
[15]Vodithala S, Khatry S, Shastri N, Sadanandaniri#&r Jour of Curr Pharm ResearcP010, 2(3), 33-38.
[16]Nanjawade B, Manvi F, Manjappa Alpurnal of Controlled Releas2007, 122, 124-125

[17]Liu Z, Inter Jour of Pharmaceuti¢c006, 15, 12-17.

[18]G.L.Li,A.Grossklans,M.Donhof, J A Bowstrint.J.Pharm 2003,266, 61-68.

[19]Park H and Robinson J Rharm.Res1987, 4,457-464.

[20] Kulkarni MC, Damle AV,Indian Drugs 2007, 44(5), 373-377.

[21]Prajapati PA,Poddar SS,Patel MBler Pharmacia Lettr2010,2(1),467-474.

1235
Scholar Research Library



