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ABSTRACT

The development of in situ gel systems has received considerable attention over the past few years. In the past few
years, increasing number of in situ gel forming systems have been investigated and many patents for their use in
various biomedical applications including drug delivery have been reported. In the present research work Oral
Floating Gel of llaprazole was formulated using Sodium Alginate, HPMC K100M, Eudragir RSPO, Ethyl cellulose,
Rosin. In the optimized batch Sodium Alginate 2% and Ethyl cellulose 2% (1:1) ratio gave gastric retention of drug
llaprazole for 12 hours. Invivo study was performed by providing the formulation to rabbit and then X-ray were
taken for the confirmation of formation of gel in stomach and floating of dosage form for 12 hrs. And it was found to
be floating for 12 hrs. From formulation and evaluation studies of oral floating insitu gel it was observed that gas
forming agent sodium bicarbonate and calcium carbonate 2% each (1:1) proportion gives floating of gel for >12
hrs.

Keywords: Oral floating, Insitu Gel, llaprazole, Buoyancyhancer.

INTRODUCTION

In situ Gel[1,2]

Over the past 30 years greater attention has lmaerséd on development of controlled and sustaineg delivery
systems. Amongst the extensive research has begedcan designing of polymeric drug delivery syste The
development ofn situ gel systems has received considerable attentientbe past few years. In the past few years,
increasing number dh situ gel forming systems have been investigated andyrpatents for their use in various
biomedical applications including drug delivery babeen reported. This interest has been sparkethéy
advantages shown by situ forming polymeric delivery systems such as easedrhinistration and reduced
frequency of administration, improved patient coampte and comforin situ gel formulations offers an interesting
alternative for achieving systemic drug effectgpafenteral routes, which can be inconvenient orrotge, which
can result in unacceptably low bioavailability graksses the hepatic first-pass metabolism, in pdatiof proteins
and peptides. The In-situ gels are administeredrly ocular, rectal, vaginal, injectable and ip&ratoneal routes.

IN SITU FORMATION BASED ON PHYSICAL MECHANISM:[3]

a) Swelling and Diffusion:

Stomach floatingn situ gel systems, since they exhibit the tendency toaie extended at the pyloric sphincter.
Swelling of polymer happen after absorption of watsuses formation of gel certain biodegradabliel ubstance
such as myverol (glycerol mono-oleate) formssitu gel under such phenomenon. Swelling is maintaimethe
degree of cross-linking between the polymeric chain coming in contact with gastric fluid, the polr absorbs
water and swells. The extensive swelling of theslgmers is due to the presence of physical/chenciczs-linkers
in the hydrophilic polymer network. Solution of poier such as N — methyl pyrrolidone (NMP) involwifusion

of solvent from Polymer solution into surroundimgstie and results in solidification of polymer matihese cross
links minimize the dissolution of the polymer arehbe maintain the physical integrity of the dosfagm.
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IN SITUGELLING BASED ON CHEMICAL STIMULI:[3]

a) lonic crosslinking:

Certain ion ph sensitive polysaccharides such asgaenan, Gellan gum (Gelrite®), Pectin, Sodiurgiddte
undergo phase transition In presence of various 8ucth as Ca+2, Mg+2, NaFor e.g., alginic acid undergoes
gelation in presence of divalent/polyvalent catieng. Ca2+ due to the interaction with guluronigddagiock in
alginate chain.

Enzymatic crosslinking:

Certain natural enzymes which operate efficientiger physiologic conditions without need for potalht harmful
chemicals such as monomers and initiators provalesonvenient mechanism for controlling the rategef
formation, which allows the mixtures to be injectetfore gel formatiom situ.

Temperature dependant in situ gelling:

In this approach, temperature dependent phasatioanfsom less viscous solution to relatively higiscosity gel is
seen. Polymer-polymer interaction occurs to forsobrated Change in temperature causes sudden clivatige
solubility of polymer within system, macromoleca&hydrophobic nature. Temperature sensitive potgnaee the
most studied class for producing thesitu gel characteristics, e.g. Polyacrylic acid, potytamide etc. Before
administration these are present in liquid forrangfer in to gel at body temperature. Thiesgtu gel are liquid at
room temperature (2G-25°C) and after exposure to body fluid goes in gehathase (3%-37°C), due to an
increase in temperature this approach exploits éeatpre-induced phase transition. Some polymersrgodsudden
changes in solubility in response to increase imirenmental temperature (lower critical solutiormjgerature,
LCST). At the LCST, hydrogen bonding between thiymer and water becomes adverse, compared to pelyme
polymer and water—water interactions, and an abtgtsition occurs as the solvated macromoleculektyu
dehydrates and changes to a more hydrophobic steu€olymer solution is a free flowing liquid at laient
temperature and gels at body temperature. A pestémperature- sensitiva situ has an upper critical solution
temperature (UCST), such insitu gel contracts upmoling below the UCST. Polymer networks of polgrgdic
acid) (PAA) and polyacrylamide (PAAM) or poly (atgmide-co-butyl methacrylate) have positive terapae
dependence of swelling.

Principle of in situ gel formation[4]
Formulation of gastroretentiviem situ gel system involves the use of gelling agent wtdeh form a stable sol
containing the dispersed drug and other excipiefite gelling of this sol system is to be achievedgastric
environment, triggered by ionic complexation duechange in pH. The formulation adopted is a sodalginate
solution containing calcium carbonate (as a soofc€a2+ ) and sodium citrate, which complexes tiee Ca2+
ions and releases them only in the acidic enviroriroé the stomach. Sodium alginate acts as a gellgent. The
free Ca2+ ions gets entrapped in polymeric chainsodium alginate thereby causing cross linkingoofymer
chains to form matrix structure. This gelation imeothe formation of double helical junction zorfieBowed by re
aggregation of the double helical segments to fartiree- dimentional network by complexation witttiens and
hydrogen bonding with water.

acidic

Sodium citrate + Ca. Carbonate(Ca?*) --->Ca.citrate complex -
environment

> (Ca?*) + COO-

In this way, the formulation remains in liquid foumtil it reaches the stomach, where gelation dfisno alginate is
instantaneous.

The drug llaprazole was used in formulation. llapte is proton pump Inhibitor which is used in Hypeidity and
in the treatment of duodenal ulcer.

Advantages of ilaprazole

= With its longest gastric pH maintenance (pH excdedg llaprazole shows the most efficient therameuti
advantage and the highest GERD cure rate amontingxiBPIs.

= Has a longer half-life and greater acid suppresam@hlow dose than omeprazole.

= |t has lesser drug interaction due to no metabotlependence to CYP2C19 and low affinity to CYP isyene.

= Alleviation of night time heartburn.

= |[laprazole is more effective than Lansoprazolehiealing severe C/D grades of GERD.

= |[laprazole has 1.5-2 times higher therapeutic @n esomeprazole by baseline therapy index coswari

= |laprazole has the Rapid onset time & High Actigat[5-8]
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MATERIALSAND METHODS

2.1 Material:
Drug : llaprazole. Polymers: Sodium Alginate, HPMCOOM, Eudragir RSPO, Ethyl cellulose, Rosin. Ekefs:
Sodium Bicarbonate, calcium carbonate, Calciumrado Sodium citrate etc.

2.2Method:

The formulations was prepared as given in tablé by heating polymer at 80 in deionized water with continuous
stirring. After cooling below 41T, gas forming agent Calcium Carbonate, Crossrimkigent Calcium Chloride,
Buoyancy enhancer Sodium Bicarbonate, and drugréisole) was added with continuous stirring. Fin&bdium
Citrate was added to maintain fluidity of formudati

Table No 1: Formulation of Oral Floating in situ Gel of Ilaprazole (weightsin %)

Name of ingredients Formulation Code

11 12 13 14 15 16 17 18 19 110 111 112
llaprazole (mg) 10 10 10 10 1d 1 1D 10 10 10 10 10
Sodium alginate - - - - 3 1 3 1 0.4 3.6 2 2
HPMC K 100M 0.5 0.5 - - - - - - - - - -
Rosin - - 2 2 - - - - - - - -
Eudragit RSPO 2 - 2 - - - 1 3 - 0.4 2
Ethyl cellulose - 2 - 2 1 3 1 - 3.4 - - 2
Calcium carbonate 2 2 2 2 2 2 2 2 2 P R 2
Calcium chloride 0.1 0.1% 0.1 0.45 0.5 0{15 5010.15| 0.15| 0.1 0.1%5 0.1
Sodium bicarbonate 2 2 2 2 2 2 7 2 p P 2 2
Sodium citrate 0.5 0.5 0.5 0.1 0.6 05 0.5 Q.5 .25 0.5 0.5
Flavoring agent gs gs 9 qs Qs qs RS gs gs gs o09s
Distilled water (uptoml)| 100 10( 100 100 100 1p0100 | 100| 100{ 100 10( 100

1. EVALUATION OF FORMULATION:

3.1 Characterization of Oral In situ Gel of llaprazole:

a) Appearance[9]: The developed formulations were inspected vigualt clarity of sol by observing in white and
black background.

b) pH measur ement[9]: The pH of the each formulation was determibgdising pH meter. The pH meter was first
calibrated using solutions of pH 4 and pH 7.

¢) M easurement of viscosity[10]: The viscosity of formulations was determined H§raokfield viscometer DV-III
(Brookfield, USA).

d) Gelling time[10]: It was graded in three categories on the basigetstion time and time period for which the
formed gel remains as it is a) gel after few misutg)dispersed rapidly, c) gelation immediate, rienfar 12hr.
Gelation immediate, remain for more than 12hr.

€) Floating lag time[11]: In this test 10ml ofin situ formulation was added into the 900ml dissoluticrssel
containing 0.1N HCI at €. It is the time the formulation took to emerge sanface of dissolution medium is
referred as floating lag time.

f) Floating duration[11]: In this test 10ml ofn situ formulation was added into the 900ml dissolutic@ssel
containing 0.1N HCl at 3T. The time that formulation took to remain congafioating on surface of dissolution
medium is referred as duration of floating.

0) Drug content estimation[11]: The preparedn situ gel formulations were analyzed for drug content by
transferring 1 ml of formulation in 100 ml volumietflask and add 50 ml of 0.1N HCI with pH 1.2 witbntinuous
shaking. Final volume was adjusted upto 100 ml withhelp of 0.1N HCI of pH 1.2 and filtered théusimn. Drug
concentration in filtrated solution was determirgzbctrophotometrically at respective wavelengthdmfg using
UV-Visible spectrophotometer (Shimadzu 1800, Japan)

h)Drug Interaction Studies (Compatibility Studies)[17]:
It's important to check any kind of interaction Wween drug candidate and polymer. The polymers waiehto be
incorporated into formulation should be compatibléh the drug. This compatibility study or intetan study was
done using Fourier transformed infrared spectrogcop
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Figure Nol : Showing Gelation of In situ Gel formulation

IR spectra of pure llaprazole and polymers viz.i@omdAlginate, Ethyl cellulose, were taken sepasat@hen to
know if there is any interaction between drug antymer, IR spectra of llaprazole and other polymeese taken
in combination. (figure no 2,3,4,5, Table No 3,8)5

3.2) In vitro dissolution study[12] :An in vitro release study was carried out usingsdlution test apparatus USP
Type Il (Paddle Method). Volume of dissolution neeias 900 ml, of Hydrochloric acid buffer solutiofipH 1.2,
temperature € + 0.2C, RPM was 50. 1MI of sample was removed each hndrit was diluted to 10 ml with 0.1
N HCI at 305 nm. And 1 ml of sample was replacedigsolution media to maintain sink condition.

3.3) In vivo studies :[13]
An in vivo release study was carried out in healtdybits. Using oral feeding tube and syring géép(azole) was
feeded to rabbits and X rays were taken of ralifibanen to check the floating ability of gel forntida.

For this barium sulphate (15%) loaded oral floafimgjtu gel were prepared, Healthy rabbit weighapgroximately
2.3 Kg was used to assassvivo floating behavior. Ethical clearance for the hamgllof experimental animals was
obtained from the institutional animal ethical coittee (IAEC) of the institute. The animal was fakfer 12 hrs.
The rabbit was made to swallow barium sulphateddadsitu gel with water. During the experimenbbiia was not
allowed to eat but water was provided. At predebeech time intervals, (empty stomach, immediaterdtied, after
1 hour of feed and after 8 hr of feed) the radipbraf abdomen was taken using an X-ray machine.

3.4) Drug Kinetic study:[14]

The release data obtained from various batches ateidied with respect to effect of drug: polymetidaTo
analyze the mechanism of drug release from theutation, the dissolution profile of optimized bagshwas fitted
to zero-order, first-order, Higuchi, Hixson-CroweKorsemeyer and Peppas, models to ascertain thetiki
modeling of drug release.

3.5) Statistical Analysis:[15]

It comes under Planned versus posteriori (unplanoc@aparisons in ANNOVA. Bonferroni method is oftesed to
control the alpha level for multiple comparisons &m over all level of alpha, the level is setéit for each test,
while k is the number of comparisons planned. Rerglanned data comparisons at an overall lev@I@5 it show
there is significant difference or non significaifferent in the data.

In this study the Bonferroni method was appliedigsolution study to check there was significaffedence or non
significant difference in release of drug in foremeld formulations.
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3.6) Stability testing:[16]

Stability testing of drug products begins as a padrug discovery and ends with the demise ofctapound or
commercial product. FDA and ICH specifies the gliiees for stability testing of new drug products,atechnical
requirement for the registration of pharmaceutidaishuman use. The ICH Guidelines have establighatilong
term stability testing should be done at 250C/6081 &ress testing should be done at 400C/75%RH foonths.
If significant change occurs at these stress camdithen the formulation should be tested at derinediate
condition i.e. 300C/65%RH.

RESULTSAND DISCUSSION

4.1 Characterization of Oral In situ Gd of |laprazole:
For the Characterization of oral situ gel of llaprazole pH, viscosity, Gelling time, Bting lag time, Floating
duration and Content uniformity tests were perfatraad the results were as follows:

Tableno 2: Showing various characterization of oral In situ gel of Ilaprazole:

Formulation code | pH | Viscosityincps | Gelling time (sec) | Floating lag time (sec) | Floating Duration in hr | Drug content (%)
11 9.5 8.97 3-5 4-5 > 12 97.13 #0.51
12 9.2 8.87 4-5 3-4 > 12 98.88 +0.57
13 9.4 8.83 4-5 3-4 > 12 97.23 £0.81
14 9.5 9.06 3-4 4-5 > 12 99.00 +0.63
15 9.6 9.12 3-5 2-3 > 12 99.04 +0.71
16 9.3 9.33 3-5 2-3 > 12 98.90 +0.89
17 9.8 9.48 4-5 1-2 >12 99.5 +0.49
18 9.7 9.38 3-4 1-2 > 12 97.66 +0.51
19 10.2 9.44 2-4 Immediate > 12 100.12 +0.24
110 10.5 9.53 3-4 Immediate > 12 98.66 +0.43
111 10.2 9.44 4-5 3-4 > 12 98.86 +0.37
112 10.4 9.58 Immediate Immediate > 12 99.00 +0.57|

N=3

a) Appearance: All the prepared batches was found to be cleappearance.

b) pH: The pH was measured of each of the polymer forimdasedn situ solution using a calibrated digital pH
meter at 2%C. The pH of all the prepared batches was founihénrange of 9.2 to 10.5. The optimized batch 112
showed pH 10.4. (as given in table no 2)

¢) Viscosity: The viscosity of all formulations was determined d\Brookfield viscometer DV-III (Brookfield,
USA) using spindle number 62 with cup and bob sgttit 100 rpm. All the prepared formulations showisdosity
in the range of 8.83 to 9.58 cps. The optimized#t2 show viscosity of 9.58 cps. (as given ifdaio 2)

d) Gelling time: The gelling capacity of prepared formulations wédmsesved by visual examination. All the
prepared batches show gelling time from 4-5 sedorichmediate after entering in 0.1 N HCI. The ojtied batch
112 showed immediate gelling after getting in cabtgith 0.1 N HCI and remain in the form of gel foore than 12
hours. (as per given in table no 2)

€) Floating lag time: Floating lag time of all the prepared formulatiomas observed by visual examination. All
the prepared formulations show Floating lag tinoefrd-5 seconds to immediate. And the optimizedhHt2 show
immediate floating after entering in 0.1 N HCI asttbw floating for more than 12 hrs. (as per givetable no 2)

f) Floating Duration: All prepared formulation show floating duration radhan 12 hours. (as per given in table
2)

g) Drug Content Uniformity: All the prepared formulations show drug contenfamiity in the range of 97.13%
to 100.12 % . The values are acceptable as parimharmacopeia standards. (as per given in tab® n
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h) Drug Interaction Studies (Compatibility Studies)
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Figure No5 : IR of Ilaprazole+ Sodium Alginate +Ethyl Cellulose
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Table of Peaks:

Table No 3: Principle peaks and chemical groups present in IR spectrum of pure | LAPRAZOLE drug

Sr.no | Functional group | Peak values (cm™)
1 NH Stretching 3564.45
2 =C-H Stretching 3074
3 -C-H Stretching 2900
4 S=0 Stretching 2360
5 C=C Aromatic ring 1681
6 C-0 Stretching 1000.43

TableNo 4 : Principle peaks and chemical groups present in IR spectrum of Sodium Alginate

Sr.no | Functional group | Peak values (cm™)
1 -OH Stretching 3545
2 -C-H Stretching 2943.27
3 -C=0 Stretching 1620
4 C-O Stretching 1037.70

TableNo 5 : Principle peaks and chemical groups present in IR spectrum of plane Ethyl cellulose

Sr.no | Functional group | Peak values (cm™)

1 C-H 2974.23
1107.14
2 c-0 1064.71

Table No 6 : Principle peaks and chemical groups present in IR spectrum of Ilaprazole, Sodium Alginate and Ethyl cellulose

S Functional arounsin Peaks values Peaks values Peaks values Peaks values (cm™)
o I ragolep (em?Yin (cm™) in Sodium (cm™ in Ethyl in Constitution Inter pretation
ap |laprazole Alginate Cellulose Combination

1 NH aromatic Stretching 3564.45 - - 3583.74 No Interaction|
=C-H aliphatic .

2 Stretching 3074 - - 3062 No Interaction

3 -C-H Stretching 2900 2943.47 2974.23 2970.38 ier&ction

_ . 2360 2306.86 .
4 S=0 Stretching 1909 - - 1990 No Interaction
5 C=C Aromatic ring 1681 - - 1647 No Interaction

I nterpretation:
There was no drug interaction in drug and polynsrge the peaks of pure drug and polymers retains
combination.

4.2 Invito Dissolution Study for Oral Floating Insitu Gel of llaprazole:

Insitu gel forming polymeric formulations are theug delivery system that are in sol or suspenswmfbefore
administration in body, but once administered, ugdegelationin situ, to form gel. Insitu gel forming system have
been widely investigated as vehicle for sustaimgdtelivery system.

» The main prerequisite of insitu gelling system wepéimum viscosity, gelling time, floating lag tinaed floating
duration. The formulation should have an optimustesity that will allow easy swallowing as a liquwhich then
undergoes a rapid sol-gel transition due to ionieraction. On this basis various formulations weied to
formulate and evaluate as various natural as veByathetic polymers in the combination of Natubddtural ,
Natural: Synthetic, Synthetic : Synthetic were usedifferent ratio.

» Different formulations were developed with variquaymers like guar gum, xanthan gum, pectin, vagigtads
of carbapol like carbapol 934, carbapol 940, canb8@1, various grades of eudragits like Eudradi®@Q, Eudragit
S 100, various grades of HPMC like HPMC K4 M, K15 etc. but these polymers in different proportiailsf to
sustain the drug release for 12 hours, they shogt belease within 2-3 hours so they fails to slgastric retention.

» The formulated batch 11 (HPMC K100 M 0.5% : Eudtd®EPO 2%) show invitro release for 4 hours, ba#ch
(HPMC K100 M 0.5% : Ethyl cellulose 2%) show inweitrelease for 4 hours, batch 13 ( Rosin 2% : EutlR§PO
2%) show in vitro release for 3 hours, batch 1406R 2% : Ethyl cellulose 2%) show in vitro reledse5 hours,
batch I5 ( Sodium Alginate 3% : Ethyl Cellulose 18hpw in vitro release for 8 hours, batch 16 ( SadiAlginate
1% : Ethyl Cellulose 3%) show in vitro release 1@r hours, batch 17 ( Sodium Alginate 3% : Eudr&BPO 1%)
show in vitro release for 9 hours, batch 18 ( Sodidiginate 1% : Eudragit RSPO 3%) show in vitroeese for 6
hours, batch 19 (Sodium Alginate 0.4% : Ethyl Clelde 3.6%) show in vitro release for 6 hours, b&t€h( Sodium
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Alginate 3.6% : Ethyl Cellulose 0.4%) show in vitrelease for 5 hours. All these formulations did give the
release of the drug for 12 hours it can becauszantion between these polymers did not form stnoadrix gel
formation to retard the release of drug for 12 himushow gastric retention. As in the batch I1 tHdugh sustain
release, viscosity increasing polymers etc werel g insitu gelling polymer was not used. In thbeo batches
use of sodium alginate as Insitu gelling polymed gelling polymer was used but concentration ofiwodalginate
with different polymers were not sufficient to netahe release of drug for 12 hours.

» In the batch 111 ( Sodium Alginate 2% : EudragitfR52%) show in vitro release for 12 hours. Thougihow
release for 12 hours it gave floating lag time a5 dec and floating duration 3-4 sec, than optichibatch,
optimized batch show floating lag time immediatel dloating time immediate. It also show significatifferent
than optimized batch so this batch did not optihize

» The batch 112 (Sodium Alginate 2% : Ethyl cellul@9) in the ratio 1:1 gave in vitro drug releaseX@ hours
(98.06 +0.98), as the matrix formation between swodalginate and ethyl cellulose was strong to dethe drug
release. It floats immediately and also gets cdedeinto gel immediately after incorporation ik N HCI. It's
floating duration was found to be more than 12 brsthese basis it has showed gastric retentiometi€ally this
batch follow Korsmeyr-pappas model.

» On the basis of pre requisition insitu gelling systi.e. optimum viscosity, gelling time, floatinagl time and
floating duration the batch 112 was optimized.

TableNo 7: Showing % Invitro Drug Release of Oral Floating Insitu Gel of |laprazole:

Time(inhr) | 11 12 13 14 15 16 17 18 19 110 111 112

0 0 0 0 0 0 0 0 0 0 0 0 0
1 56.61 53.96 | 63.39 | 48.75 | 27.39 | 22.94 | 24.46 | 44.19 | 45.72 | 51.79 | 33.57 | 21.41
+0.86 +0.73 | £0.95 | +1.02 | +0.96 | £1.03 | +1.01 | +0.79 | £+0.84 | +0.99 | £+0.92 | +0.82
2 69.17 £0.72| 67.11] 81.85 | 56.04 | 33.60 | 29.09 | 30.56 | 54.88 | 59.44 | 60.96 | 41.20 | 27.52
+0.65 | +0.69 | +0.89 | +0.86 | +0.86 | +0..77 | +0.91 | £+0.99 | +0.76 | £+0.97 | +0.79
3 89.89 83.1 | 93.06 | 73.16 | 39.71| 39.70 | 38.18 | 62.53 | 64.05 | 73.17 | 47.32 | 38.18
+0.91 +0.71 | £+0.75 | +0.69 | +0.78 | +0.66 | +0.75 | +086 | +0.79 | +0.77 | +0.88 | +0.99
4 95.18 97.23 82.36 | 48.86 | 50.37 | 47.34 | 71.71 | 73.24 | 82.36 | 53.45 | 45.81
+0.82 +0.94 +0.90 | +0.88 | +0.85 | +0.73 | +0.85 | £+0.92 | £0.91 | £0.77 | +.0.65
5 91.56 | 59.55| 56.5 | 53.46 | 80.9 | 85.46 | 93.08 | 62.62 | 51.94
+1.0 | +0.93 | #0.70 | +0.84 | +0.90 | £+0.89 | +0.95 | +0.90 | +0.83
6 67.2 | 64.16 | 64.15 | 90.1 | 91.23 67.24 | 59.59
+0.87 | £+0.96 | £0.89 | +1.54 | +0.69 +0.82 | +0.82
7 79.43| 71.82 | 70.30 76.42 | 68.76
+1.01 | £0.98 | +0.69 +0.83 | +0.76
8 91.66 | 79.49 | 82.52 81.06 | 77.95
+0.81 | £0.77 | £0.70 +0.67 | +0.95
9 85.65| 94.76 85.71| 82.59
+0.99 | £0.80 +0.78 | +0.62
10 93.34 90.36| 87.24
+0.92 +0.68 | +0.78
1 93.05| 90.37
+0.89 | +0.97
12 96.64| 98.06
+0.88 | +0.98

Where N=3
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% Drug Release of Batch I1 to I4
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FigureNo 8: % In vitrodrug release of batches19tp 112

4.3 Invivo studies: An in vivo release study was carried out in healtiybits. Using oral feeding tube and needle
gel of llaprazole was feeded to rabbits and X nagse taken of rabbit abdomen to check the floasibiljty of gel
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formulation. The X rays were taken as a) X ray ey stomach b) X ray immediate after feeding df@eX ray
after 1 Hr. of feeding of gel d) X ray after 8 Hf feed. It was found that the oral floating insgal was float
immediately after feeding to rabbit and it was fdua be floating in the stomach more than 6 holing following
Xray shows a) the Xray of empty stomach, b) showyXimmediate after feeding of gel to rabbit, c) Xedter 1
hour of feding d) Xray after 8 hour of feeding. lges are as follows:

(@  And(b)

(C)and (d)
Figure 9: Invivo Study of oral floating Insitu gel of Ilaprazole

Optimization:

In the present study various natural as well ashgfit polymers in the combination of Natural: Natu Natural:
Synthetic, Synthetic : Synthetic were used in défd ratio. But in the formulated batches | 1 tt0l did not gave
invitro release for 12 hours. In batch 111 thougfioat for 12 hours it gave floating lag time a& 4ec and floating
duration 3-4 sec, than optimized batch show fleptag time immediate and floating time immediatealso show
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significant different than optimized batch so th&ch did not optimized. The formulate batch 11@di@m Alginate
2% : Ethyl cellulose 2%) in the ratio 1:1 gave itros drug release for 12 hours(98.06+0.98). It tenbecause
sodium alginate is gel formulating agent and usstiyan Insitu gel formulation and ethyl cellulosee to increase
the viscosity of sol that form strong gel matrixrfalation in 0.1 N HCI. It floats immediately algets converted in
gel immediately after incorporation in 0.1 N HQlalso floating duration was found to be more tharhrs. Also it
was found stable in 6 months of accelerated stalsiludy. So batch 112 was optimized.

4.4 Kinetic Studies:

The release data obtained from various batchesswa$ed with respect to effect of drug: polymeiaatiluents
ratio. Dissolution data of drug from prepai@ditu gel at different time periods was plotted as cuativé % drug
release v/s time. The dissolution data so obtawasl fitted to various kinetic models like Zero Qrdeirst order,
Higuchi, Korsmeyer-Peppas models. It was found ttheoptimized batch 112 follow Korsmeyr-pappas elod

The drug release kinetics from all the batches wateulated, which was illustrated as follows-

Table No 8: Kinetic study of Oral Floating Insitu gel of Ilaprazole

Batch | Zeroorder | Firstorder | Matrix | Peppas | Hixon crowell | Best Mode fit
11 0.852 0.942 0.979 0.964 0.945 Peppas
12 0.895 0.957 0.964 0.98 0.905 Peppas
13 0.895 0.953 0.979 0.98 0.907 Peppas
14 0.894 0.949 0.97 0.98 0.908 Peppas
15 0.882 0.922 0.984 0.962 0.921 Peppas
16 0.888 0.972 0.982 0.962 0.911 Peppas
17 0.892 0.943 0.971 0.979 0.909 Peppas
18 0.898 0.87 0.976 0.958| 0.902 Peppas
19 0.884 0.937 0.982 0.972 0.919 Peppas
110 0.897 0.921 0.935 0.981 0.887 Peppas
111 0.895 0.913 0.961 0.97 0.902 Peppas
112 0.896 0.822 0.965 0.954 0.901 Peppas

4.5 Stastical Analysis:

In this study the Bonferroni method was appliedissolution study to check there was significaffedence or non
significant difference in release of drug in forauigld formulations. The optimized batch show sigaiit difference
from all the other formulated batches the desaipis given in table no 33.

TableNo 9: Statistical Analysisof Dissolution parametersof Oral Floating I nsitu gel of Ilaprazole:

Sr. No | Between batches | t-test | P-value (<0.05) | Significance
1 112 vs 11 3.801 0.0191 S
2 112 vs 12 3.754 0.0199 S
3 112 vs I3 2.920] 0.0156 S
4 112 vs 14 4.733 0.0052 S
5 112 vs I5 4.329 0.0025 S
6 112 vs 16 5.214] 0.0004 S
7 112 vs I7 2.853] 0.0190 S
8 112 vs 18 5.805] 0.0011 S
9 112 vs 19 5.723] 0.0012 S
10 112 vs 110 4.854 0.0047 S
11 112 vs 111 4.739 0.0005 S

4.6 Stability Study:

Stability studies were carried out as per ICH glingés. The optimized formulation 112 was expose@doelerated
stability conditions as 40°C+2°C 75%RH+5% RH foe theriod of 6 months. In between the stability Esidhe
formulation was removed at 3 month and 6 monthhteck all the evaluation tests as pH, viscositylimgltime,
floating lag time, floating time, Floating duratioBissolution studies etc. During the stabilitydies, the product
was exposed to normal conditions of temperaturehamdidity. The optimized batch was found to be Igtdbr all
the evaluation tests in this time period of staptiesting.

TableNo 10: Variouscharacteristics of oral floating In situ gel of Ilaprazole after stability study

Stability H Viscosity in Gélling time Floating lag time Floating Duration in Drug content
Duration p cps (sec) (sec) hr (%)

Zero month 10.4 9.58 2-3 Immediate > 12 99.00 +0.57
After 3 Month 10.3 9.58 2-3 Immediate > 12 99.00520
After 6 Month 10.3 9.58 2-3 Immediate >12 99.00465
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TableNo 11: % Drug Release of oral floating In situ gel of Ilaprazole after stability study

Time(inhr) | ZERO MONTH | 3MONTH 6 MONTH
0 0 0 0
1 21.41+£0.82 19.9+099 18.39+0.73
2 27.52 +0.79 26 +0.69 24.84 +0.91
3 38.18 £ 0.99 36.66 +0.78 34.41+0.f2
4 45.81 + 0.65 44.2 +£1.05 41.8+0.93
5 51.94 +0.83 50.49+0.88 47.89+0.79
6 59.59 + 0.82 58 + 0.94 56.45 + 0.96
7 68.76 + 0.76 67.24+0.88 65.17+0.76
8 77.95+0.95 76.2 +0.71 74.9+0.79
9 82.59 + 0.62 81.06+ 0.9l 79.05+0.95
10 87.24+0.78 85.17+0.77 83.81+0.B3
11 90.37 £ 0.97 88.48+0.7p 87.3+0.65
12 98.06 + 0.98 96.53+0.95 95.01+0.87
N=3
%o Diug Release of [laprazole gel after stability testing
120
100
a
£ 80
=
=
e 60 ——ZERO MONTH
é 40 —=—3 MONTH
&
20 6 MONTH
8] r
0 5 15
Timein Hour
Figure No 10: % Drug release of Oral floating I nsitu gel of Ilaprazole after stability study
TableNo 12: Kinetic study of oral floating Insitu gel of Ilaprazole after stability study
Time/Model | Zeroorder | Firstorder | Matrix | Peppas | Hixon crowell | Best Modd fit
ZERO MONTH 0.896 0.822 0.965| 0.954 0.901 Peppas
3 MONTH 0.9681 0.9377 0.9789  0.9950 0.9860 Peppas
6 MONTH 0.9730 0.9527 0.975! 0.9953 0.9892 Peppas
5) SUMMARY:

In the present study various natural as well ashgfit polymers in the combination of Natural: Naly Natural:

Synthetic, Synthetic : Synthetic were used in défe ratio. But in the formulated batches | 1 0l did not gave
invitro release for 12 hours. In batch 111 thougfioat for 12 hours it gave floating lag time a% 4ec and floating
duration 3-4 sec, than optimized batch show flgatag time immediate and floating time immediatealso show
significant different than optimized batch so thatch did not optimized. In optimized batch Sodialginate 2%
and Ethyl cellulose 2% gives the retarding resoit ¥2 hrs. The optimized batch show floating ofitingel of

llaprazole for more than 8 hours. The batch wasdotd be stable for 6 months in accelerated statstudy. In

Kinetic study the optimized batch follows peppagigio

CONCLUSION

=From formulation and evaluation studies of orahfing insitu gel it was concluded that gas formaggnt sodium
bicarbonate and calcium carbonate 2% each (1:Poption gives floating of gel for >12 hrs.

= Sodium Alginate 2% and Ethyl cellulose 2% (1:1)a@ave gastric retention of drug llaprazole forttiairs.
=Invivo study was performed by providing the forntida to rabbit and then X-ray were taken for thefomation
of formation of gel in stomach and floating of dgedorm for 12 hrs. And it was found to be floatilog more than
12 hrs.

=The batch was found to be stable for 6 months é¢elecated stability study.
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