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ABSTRACT

The present study focuses on the development adagon of Floating in-situ gelling system of Muethin
hydrochloride (FIGC) using Bfactorial design experimentation. Metformin, artidiabetic drug with absorption
window limited to the upper part of small intestiwas used as a model drug. The formulation contai@ellan
Gum as gelling agent and Calcium Carbonate as ithgatagent. The principle of gelling involves sumpdy of
complexed Calcium ions in form of Calcium Carbenidtiat are released in the acidic environment efstomach
leading to cross linking of Gellan and hence delat The concentrations of Gellan Gumg)>and Calcium
Carbonate (%) were selected as the independent variables,iftesity of the solution (), percent drug release at
4 hr (Y,), and percent drug release at 8 hr;)Yvere selected as the dependent variables. Diffedescanning
calorimetry (DSC) was used to check the presen@nyfinteraction between the drug and the excigiehhe in-
situ gel forms were studied for their viscosityvitrto buoyancy ,and in-vitro drug release in acidnedium for
about 8hrs.The results of & 3actorial design revealed that the concentratiafsGellan Gum and CaCO3
significantly affected the dependent variablesistasity, percent drug release at 4hr, percent drelgase at 8 hr.
Gellan based in-situ gelling system is promisingdeveloping liquid oral delivery system for eagjmanistration
for elderly and patients with swallowing diffices .
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INTRODUCTION

The development of in-situ gelling systems hasiveckeconsiderable attention over the past few ydarsitu gel
forming formulations present a novel idea of deiivg drugs to patients as a liquid dosage, theskdyels are
liquid at room temperature but undergo gelation mimecontact with body fluids or change in pH. Thdgmve a
characteristic property of temperature dependeht,dependent and cation induced gelation[1]. Somehef
polysaccharides fall into the class of ion-sensitnes , such as Carrageenan, Gellan Gum, Pedaiurs
Alginate, which undergo phase transition in preseof various ions [2]. Gellan Gum is the generigne for
extracellular polysaccharide produced by bacterill®eudomonas elodealt is an anionic deacetylated
polysaccharide, with a tetrasaccharide repeatiriyafnone a-L-rhamnose, ong-D-glucuronic acid and twd-
Dglucose residues [3]. It has the characteristioperty cation-induced gelation. This gelation imed the
formation of double helical junction zones followked aggregation of the double-helical segment®tmfa three-
dimensional network by complexation with cationsl &aydrogen bonding with water[4]. Metformin is aibetic
or hypoglycemic agent which acts predominantly bjibiting hepatic glucose release with an absohrid
bioavailability of 40% to 60%. Gastrointestinalsabptionoccurs mainly in the upper intestine witrak plasma
concentrations (Cmax) reaching after 2 to 3 h[8]itss worth using Metformin as a model drug irvelepment of
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gastro retentive systems. Comparative study fooglyican, Gellan and Alginate solutions loaded v@imetidine
was performed by Miyazaki et al , Dissolution expents showed that increasing concentrations optiigmers
decreased the drug release rate[6]. Floating inegtling system of Amoxicillin and Clarithromycfar eradication
of Helicobacter pylori was assessed by Rajinikatthl, floating properties were obtained by additas Calcium
Carbonate. After immersion in simulated gastriédflummediate gelation with simultaneous productidrCarbon
dioxide was observed [7, 8] . In the present stweyattempted to prepare floating in-situ gel systamsists of
Gellan solution with Calcium Carbonate (as a sowfc€a? ions) and Sodium Citrate which complexes the free
Ca? ions and releases them only in the highly acafigironment of the stomach, in this way, the fortioh
remains in liquid form until it reaches the stomast ensuring instantaneous gelation.in the acdidium Calcium
Carbonate effervesces, releasing Carbon dioxideCacium ions. The released Carbon dioxide is eped in the
gel network, producing buoyant formulation and @attion reacted with Gellan and produces a crogset three
dimensional gel network [9].

EXPERIMENTAL SECTION

Materials:

Metformin hydrochloride (IPCA laboratories limiteMumbai), Gellan Gum (Sigma Aldrich, Germany), Qathc
Carbonate (GmbH,Germany), Sodium Citrate (Loba Gbalsy Mumbai, India). All other chemicals were
purchased and were of analytical grade.

Methods:

Differential scanning calorimetry (DSC) study:

Thermal analysis is an essential analytical metbatudy the interaction between drugs and excipigfo evaluate
the drug-polymer interactions Differential scannajorimeter (DSC) thermograms of the pure drug imgsical
mixture of the drug and polymer were studied u$h& apparatus (Mettler Toledo,OH,USA) at a raté@&/min
in the temperature range of 30-300 C

Experimental Design:

A 3? factorial design was applied in these experimet& factors each at three levels were selected and
experimental trials were performed at all possititee combinations. Selected independent varialilediesl were

the concentration of Gellan Gum {)oncentration of Calcium Carbonatg)X Each of these independent variables
was coded at three levels: low, medium, and high @-and +1, respectively). The selected dependandbles
were viscosity of the solutiongY, percent drug release at 4 hg(,Yand percent drug release at 8 hg)(Y

Preparation of the in-situ gelling solutions:

The in-situ gelling formulations were prepared asatibed by Rajinikanth et al [8].Gellan Gum sautbf different
concentrations were prepared in distilled watert@ioing 0.25 % Sodium Citrate .The Gellan Gum sohg were
heated to 96C with stirring. After cooling below 468C, various concentrations of Calcium Carbonate G
were added and dispersed well with continuousirsgiriThe resulting Gellan in-situ gel solutions wiéinally stored
in well closed container until further use.

pH Measurement:
The pH of the prepared formulations was measungdidital pH meter ( Hanna PH meter, PH 211, USA).

Viscosity measurement of the in-situ gelling sohai

Viscosity of the samples was determined using &d/Rlus apparatus (Fungi lab, Spain)with suitapledie . The
measurement was performed at room temperature(Z@p%Snd carried out in triplicate and the resultsrave
averaged.

Measurement of drug content:

Accurately, 10ml of in-situ gelling solution wasckdl to 90ml 0.1(N) HCI of 1000 ml volumetric flaBKlowed by
sonication for 30 min, then volume was made uphtorhark with0.1(N) HCI. The resulting solution widtered
through a membrane filter (0.45 um). Then drug eonbf solution was measured at maximum waveleogth
Metformin using UV-Visible Spectrophotometer (HiticSpectrophotometer U-1800)after suitable dilutio
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In Vitro Gelation Study:
10 ml of the prepared isitu gel formulations was drawn up using disposaylenge and placed into gelati
medium containing 0.1(N) HCI at 37+2 then gelation was observed visually .

In-vitro buoyancy study:

The in vitro floating study was determined usingRJ8ssolution apparatus Il having 900 ml of 0.1E\JI at 37+2
C° with a paddle speed of 50 rpm.10 ml c-situ gelling solution was immersed into dissolutapparatus usin
disposable syringe. The time formulation took tceege on the medium surface ( floating lag time d #re time
formulation constantly floatednathe dissolution medium surfa

( Floatingtime) were noted by visual observat

In Vitro Drug Release Study:

The release rate of Metforminom the ir-situ gelling sols was determined by using USP digEm apparatil
(Pharma test PT-DT7,Germany)tiva paddle speed at 50 rpm, this speed slow éntaugvoid breaking of gelle
formulation and ensured low level agitationThe dissolution medium used was (900 mL 0.1 N HEi=1.2)
maintained at 37+2 € Ten milliliters of the formulation was trarerred to the dissolution vessel using a dispos
syringe without much disturbance, the needle wa®diclean and excess formulation was removed frenméedle
end. At a pradentified time interval, an aliquot was removedl aaplenished with fresh mium[10]. The samples
were assayed for MetformisingUVspectrophotometer (Hitachi, Spectrophotomét-1800) at the maximum
wavelength after suitable dilution. A concurrensdtilution was performed with preparation devoiddoig to
record the interferenciEom excipients, if any. All the studies were coothd in triplicate, and the average v
recorded.

Statistical analysis:
The statistical analysis of the factorial desigmfuolations was performed by multiple regressionlymis: using
SPSS14tatistical software . The significance level wassidered to be p < 0.

RESULTSAND DISCUSSION

The DSC thermographs of the pure drug, GeGum, and combination were obtained.The thermal cufvpuoe
Metformin(Figurel) exhibited an initial flatrofile followed by a sharp endothermic peak at Q3. This transitior
is attributed to compound melting(11) .The thernapgr of the dru-polymer physical mixture (Figure2) show
that the endothermic peak of the drug was shifligtityy to a lower valu (229.81°C )which is close to the meltir
point of Metformin. That meanso significantinteraction in physical mixture wagppeared

~rexo

e

Fig (1): DSC ther mographs of Pure M etformin
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Fig (2): DSC thermographsfor physical mixture of Metformin+ Gellan Gum

Evaluation of formulations:

Table (1,2) exhibit Factorial Design of-situ Forming Formulation .The preparation o-situ forming system is
simple and reliable, involving dissolving Metforminin polymeric solution. As the solution comes in tact with
gelation solution, it was immediately convertedistiff gel like structure. All the formulation hgdH value aroun:
neutral or slightly alkali (Table 3), arpercentage drug content from 92.66% to 96.06 %.

Table (1): 3*Factorial Design of In-situ Forming For mulations

. Real value | Coded value | Dependent variables
Formulation
Xl Xz X;L X2 Y:L Y2 Y3
Gl 025] 05| -1 -1 144 75.18 95.44
G2 0.5 05] 0 -1 231 73.11 94.27
G3 0.75| 05 1 -1 347 63.59 83.24
G4 025] 1 -1 0 183 76.84 93.51
G5 0.5 1 0 0 240 59.67 83.82
G6 075] 1 1 0 3821 57.5¢ 81.83
G7 025| 15| 1 1 194 69.38 84.07
G8 05 15( 0 1 2621 59.01 82.34
G9 0751 15| 1 1 387 51.74 81.16
Table (2): coded and real values of thein-situ Forming Formulation
Coded value Real value
(x4) Gellan Gum concentration% | (xp)Calcium Carbonate concentration%
Low -1 0.25 0.5
Medium O 0.5 1
High +1 0.75 15

Viscosity of InSitu gelling solutions

The formulationshould have an optimum viscosity that allow easgwdillowing as a liquid, which then underg:
a rapid solgel transition due to ionic interacti{12]. Figures (3, 4 ,5) show the shear dependency ofidoosity
which reduced upon application of theear on the solutions, all polymer concentratiorsasdd evidence of she
thinning behaviour, the effect being more pronodne¢ higher concentrations. This shear thinningaliur
provides an advantage for the administration pmebsking of the fornlation will enhance its fluidity pot
ability[13]. The solutions showed a marked increase in vigcusih increasing concentration of Gellan as sham
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(Table3). The observed increase in viscosity wittréase in concentration has been noted previdus{yellan and
was attributed to a consequence of increasing cimdémaction with polymer concentration [14]. Inasing the
Calcium Carbonate content in the formulation simnutously increased the viscosity at all polymerceotrations
studied. Since the Calcium Carbonate is presenthénformulations as insoluble dispersion, an inggemn its
concentration proportionally increased the numlbgrasticles dispersed, thus contributing to inceshsiscosity[7].

Table (3):Evaluation of thein-situ gelling formulation

. S Floating N
Formulation | pH | Floatingtime (hrs) lag time (sec) Viscosity (cps)
Gl 6.78 8 181 144+2 .47
G2 7.46 8 165 231+2.36
G3 7.35 8 130 347+2.85
G4 7.03 8 119 183+1.32
G5 7.22 12 104 240+2.45
G6 7.14 12 87 382+2.12
G7 7.12 12 82 196+2.83
G8 7.45 12 75 262+2.43
G9 7.36 12 62 387+2.25
2000
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Fig (3):shear dependency of thein-situ gelling formulation
(G1-G2-G3)
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Fig (4): shear dependency of thein-situ gelling formulation
(G4-G5-G6)
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Fig (5): shear dependency of the in-situ gelling formulation
(G7-G8-G9)

In-vitro buoyancy:

All prepared formulations of the factorial desigrere evaluated for their floating properties in dised gastric
fluid. The time for formulation to come to the mewli surface (floating lag time) and the time thenfolation
maintained floated on the medium surface (duratibfioating) were determined (Table3 ) . Upon cahtaith an
acidic medium, Calcium Carbonate effervesced, siabgaCarbon dioxide and Calcium ions. Then, getatad
cross-linking by C¥ ions took place to provide a gel barrier at théame of the formulation. The released Carbon
dioxide was entrapped in the gel network produeirigioyant preparation, which resulted in extendteating[15].
The floating properties of the formulation mainlgpgnd on Calcium Carbonate, on increasing thei@alc
Carbonate concentration, the floating lag time weduced and the duration of floating was extendBuke
increasing amounts of Gaand CO2 resulted from the increase in Calcium Qaate concentration, are responsible
for the observed reduction in floating lag time amckeasing duration of floating. Similarly an ierese in polymer
concentration resulted in decreased floating lag tnd increased floating duration of the prepaystems.

120
100
2 80 - Af’dr‘A
s 60 - P i At ——G1
E? 40 1 —--G2
20 G3
0 2 4 6 8 10
Time (hr)

Fig (6): Drug release profiles from the for mulations (G1-G2-G3)

In Vitro Drug Release:

Drug release profiles from the formulations at @as concentrations of Gellan Gum are shown in Bigsg). The
drug release decreased with increase in the caatiem of Gellan Gum and is attributed to incre@sthe density
of the polymer matrix and also an increase in tifeugional path length which the drug molecules daw
traverse[9].The released Carbon dioxide is entrdppehe gel network producing buoyant formulatamd then
Calcium ion reacted with Gellan produced a croskeld three dimensional gel network that might resthe
further diffusion of Carbon dioxide and drug mollssuand has resulted in extended period of drugpsel. The
release of drug from these gels was characterigeanbinitial phase of high release (burst effeEtlpwever, as
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gelation proceeds, the remaining drug was releasadslower rate followed by a second face of matderelease.
The initial burst effect was considerably redueéth increase in polymer concentration[16]. As pfecentage of
Calcium Carbonate increased, the release rate atmxtedue to the stronger gel formation occurregr@sence of
increasing concentrations of Gians, which leads to a slower release of the drom fthese gels.

100
90
80
70
60
50
40
30
20

10
ol . . . .

Ti‘}ne (hr)

G4
——G5

4

Drug release %

—i— G6

Fig (7): Drug release profiles from the for mulations (G4-G5-G6)

(0]
o

o

o

o

Drug release %
H U 8 ~

Time (hr)

Fig (8): Drugrelease profiles from the for mulations (G7-G8-G9)

Statistical analysis:

To study the effect of independent variables onstlected dependent variables multiple regresaiatysis, and
Analysis of variance (ANOVA) was applied for estiioa of significance of the model. Using a 5% sfigrince
level, a model was considered significant if thé® 88, it was found that both factors had statifiticsignificant
influence on all of the dependent variables (p @5J(. Table 5). The high values of Rndicate clearly that the
responses were strongly dependent on the factoigedt(Table 3).

The resulted equations for all dependent variailésrms of coded factors are presented in (Tahleaded on this
model:

Y= bpthy Xi+h, X;

While Y is the dependent variable; is the arithmetic mean response of the 9 rupXX is the independent
variables, hh, are the coefficients of the parameters.
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Table (4): Summary of regression output of significant factorsfor measured responses

Response coegficients _
Bo B: B, R Equatlon
Y1 ( viscosity) 24.889| 395.338 41.000 | 0.984 | VYi=-94.72+96.5(X+26.33(%)

Y 2(% drug release at 4h) 91.82P -32.273 | -10.583| 0.946 | Y,=91.829 - 32.273(¥ -10.583(%)
Y 3(%drug release at 8 h) 104.021 -17.860 -8.460.899 | Y;=104.021 - 17.860 (X -8.46(%)
Table (5): Resultsof the ANOVA for the model

Sourceof variation | DF | SS | MS | F | Pvalue
(Y1)Viscosity

Regressio 2 61129.66 30564.83 88.821 0.00(

Residual 6 2064.556 344.093

Total 8 63194.222

Y2(% drugreleaseat 4 h)

Regression 2 558.598 279.299 25.361 0.001

Residual 6 66.077 11.013

Total 8 624.67!

Y3(%drug release at 8 h)

Regression 2 226.975 113.487 12.691 0.007

Residual 6 53.652 8.942

Total 8 280.627

DF is the degree of freedom, SS is the sum of squard, MS Mean Square, F is the Fischer's ratio

CONCLUSION

This study showed the feasibility of in-vitro gerning from aqueous solutions of Gellan Gum contgiCa? ions

in a complexed form and sustaining the drug reldéasa the in-situ gels over the period of the $t8 h). The
results of a 3factorial design revealed that independent vaemblad significant effect on the selected responses
Hence the in-situ gelling formulation may represgipromising approach of novel liquid oral drudiviry system
which may improve the patient compliance especialhelderly and patients with swallowing difficigs.
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