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ABSTRACT

The present investigation deals with the formulation, optimization and evaluation of sodium alginate based floating
oral In situ gel of Pantoprazole. Sodium alginate used as a polymer and Calcium carbonate was used as a cross-
linking agent. In-situ forming polymeric formulation drug delivery systems is in sol form before administration in
the body, but once administered, undergoes gelation in-situ to form a gel. The formulation of gel depends upon
factors like temperature modulation, pH changes, presence of ions and ultraviolet irradiation from which drug gets
released in sustained and controlled manner. The objective of this study was to develop a nove in- situ gd system
for sustained drug delivery using natural biodegradable polymer. The system utilizes polymers that exhibit sol-to-
gel phase transition due to change in specific physicochemical parameters. In-situ gel was formed at a gastric p”
from designed set of experiments, it was evident that formulation containing 2 % of sodium alginate control the
release of drug for longer duration. The in-situ gel exhibited the expected, viscosity, drug content, p", in vitro
gelling capacity, in vitro floating ability and sustained drug release. The formulated in situ gel for Pantoprazole was
found to be stable in situ gel. It was found to have better floating efficacy and in vitro release profile characteristics.

Better efficiency and results of batch F-6 gives newer alternative use of natural biodegradable polymersin situ gel
formulation.

Key-words: OralIn-situ gel, Sustained Release, Sodium alginate, Calciurbddate, Pantoprazole.

INTRODUCTION

Peptic ulcers are open craters or sores that dewelihe inner lining (mucosa) of the stomach @ dlnodenum (the
first section of the small intestine). A coatinfyraucus and other chemicals normally shield thensith and
duodenum from digesting themselves. When thestegiiree mechanisms are disrupted, powerful digeséigids
can erode into the lining of these organs and cpaptc ulcergl]

In situ is a Latin word which means in position.situ gel formation of drug delivery systems candeéined as a
liquid Formulation generating a solid or semisalipot after administratiomn-situ activated gel forming Systems
are those which are when exposed to physiologioaditions will shift to a gel phase. This new cqpicef
producing a gel in situ was suggested for the firse in the early 1980s. Gelation occurs via thess-linking of
polymer chains that can be achieved by covalentlformation (chemical cross-linking) or Non-covaldrond
formation (physical cross-linking) [2].Floating drwlelivery systems is one of the important appreadb achieve
gastric retention to obtain sufficient drug biodahility. This delivery systems is desirable foruds with an

239
Scholar Research Library



Ramana B. V.et al Der Pharmacia Lettre, 2016, 8 (8):239-249

absorption window in the stomach or in the uppealsintestine6. This have a bulk density less thastric fluids
and so remain buoyant in the stomach without affgagastric emptying rate for a prolonged period #re drug is
released slowly as a desired rate from the syshdter release of drug, the residual system is eedpfrom the
stomach.[3].

Pantoprazole is a proton pump inhibitor (PPI) thgipresses the final step in gastric acid prodadipcovalently
binding to the (H, K")-ATPase enzyme system at the secretory surfatieeajastric parietal cell. This effect leads
to inhibition of both basal and stimulated gaséid secretion, irrespective of the stimulus. Thneling to the (H,
K"-ATPase results in a duration of antisecretorgeifthat persists longer than 24 hours for all daested (20 mg
to 120 mg).[4]

EXPERMINENTAL INVESTIGATIONS

Materials:

Pantoprazole(Ranbaxy Pharmaceuticals Ltd (IndiafliBn Alginate (Lobachemie (P) Ltd.), Calcium carhte
(Central Drug House (P) Ltd.), Sodium citrate (Cahbrug House (P) Ltd.), D-sorbitol (Central Drtigpuse (P)
Ltd.). All the other chemicals used were of Analgtigrade.

Methods:

Preformulation Studies:

Identification of Drug by FTIR- Compatibility of Pantoprazole with gelling agentdanther excipients was
established by infrared spectral analysis IR Speeinalysis of samples (Ranitidine hydrochloridedi8m Citrate,
Sodium alginate, calcium carbonate, sorbitol) wesied out to investigate the changes in chemicaiposition of
the drugp]

Preparation of Formulations

Preparation of Pantoprazole in-situ gelling solutins — The polymeric dispersion was prepared by dispersing
required quantity of gums and polymers in watengsh magnetic stirrer and allowing it to swell avghtSA
(sodium alginate) Solutions were prepared in déstiwater by heating to B0 under continuous stirring. After
cooling below 48C ingredients including drug, gelling agent andeotexcipients were weighed accurately and
formulations were prepared as per the table 3.€kalting six formulations (F1-F6) were finally stdrin amber
coloured bottles until further use.

Table no.1 Composition of Floating in situ gel:

Ingredients Formulation code & Quantities
F1 F2 F3 F4 F5 F6
Pantoprazole 400mg | 400mg | 400mg | 400mg | 400mg | 400mg

Sodium Alginate lgm 1.5gm 2gm 1gm 1.5gm 2 gn|
Sodium Citrate 250mg| 250mg| 250mg 500mg 500 mg 500 mg

CaCo3 250mg| 250mg]| 250m¢§ 500mg 500 mg 500 mg
D. sorbitol 1gm 2gm 3gm lgm 2gm 3gm
Distil Water q.s q.s q.s q.s q.s q.s

Total Weight(ml) | 100ml 100ml 100ml 100ml 100m! 100m|

Physical Appearance and P:- [6]

All the prepare sodium alginate badgeaekitu solution were checked for their clarity and thpeyof the solution.
After administration of the prepared solution in1(d HCL, g' 1.2) also checked the time required for gel foiamat
and type of gel formed. Thé'pvas measured in each of the solution of sodiurimalg baseéh-situ solution using
a calibrated digital pmeter at 2%C. The measurement of pf each data was in triplicate

Viscosity of in situ gelling solutions— The viscosity of formulations was determined bgraokfield viscometer
DV-III (Brookfield, USA) using spindle number 21 thicup and bob setting at 50 rpm.

Floating behavior — The floating ability of the prepared formulationas evaluated in (0.1N HCI, pH 1.2) Solution.
The floating time of the prepared formulation tdolemerge on the medium surface (floating lag tima$ found to
be 60sec.The time the formulation constantly fldate the dissolution medium surface (duration oéfiing) was
evaluated to be 12hrs resulting the formation wiktlyel with good floating tendency.
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In-vitro gelling capacity - To evaluate the formulations for their in-vitro lgsy capacity by visual method,
solutions of in-situ gel forming drug delivery sgst were prepared. The in-vitro gelling capacity poépare
formulations was measured by placing 5 ml of thiatin solution (0.1N HCL, $1.2) in a 15 ml borosilicate glass
test tube and maintained at 37+1°C temperature.n@rad formulation solution was added with the heffpipette.
The formulation was transferred in such a way phates the pipette at surface of fluid in test tabd formulation
was slowly released from the pipette. As the sofuttomes in contact with gelation solution, it visnediately
converted into stiff gel like structure. The geljicapacity of solution was evaluated on the bakistifiness of
formed gel and time period for which the formed g@hains as such. The in-vitro gelling capacity \gesded in
three categories on the basis of gelation timetiamel period for which the formed gel remains.

(+) Gels after few minutes, dispersed rapidly
(++) Gelation immediate remains for 12 hours
(+++) Gelation immediate remains for more than @@rk

Drug content:

Preparation of standard calibration curve of Pantopazole: - Pantoprazole (10 mg) was dissolved in (0.1 N HCI,
p™ 1.2) and volume was made up to 100 ml in 100 nhimetric flask. This solution (100 mcg/ml) was fiet
diluted with (0.1 N HCI, B 1.2) to obtain solution of 10 to 100 mcg/ml. Thesaibance of each solution was
measured at 283.4 using UV spectrophotometer. Téwedard curve was obtained by plotting absorbarise v
concentration (pg/ml) .

Ten ml of the solution was added to 900 ml (0.1NI,H€ 1.2) Solution and stirred for 1 hr. on a magnstiaer.

The solution was filtered, suitably diluted with A8l HCI, g' 1.2) and the drug concentration was determined by
using a UV-visible spectrophotometer a (Shimandad 1¥00 Pharmaspec) at 284nm against a suitablek blan
solution

In-vitro release studies:An in-vitro release study was carried out usingsdligtion test apparatus USP Type Il
(Paddle Method). The following procedure was fokalnthroughout the study that is shown in (table2jetermine
the in vitro dissolution rate for the formulatiorihe release of Pantoprazole from the formulativas determined
using dissolution test apparatus USP Type Il wiffaddle stirrer at 50 rpm. The dissolution meditgadu900 ml of
(0.1N HCL, p' 1.2) solution and temperature was maintained at 82 °C. Ten ml of the formulation were placed
into a Petri dish (4.5cm i.d.) which was kept ie tlissolution vessel and 0.1N HCL solution wasfatlseadded to
the vessel avoiding any disturbance of the Pegi.dAt each time interval, a precisely measuredpsaraf the
dissolution medium was pipette out and replenishigld fresh medium. Pantoprazole concentration i dahquot
was determined spectrophotometricg8y

Table: 2 Dissolution of Floating In Situ Gel

Dissolution medium| 900 ml of (0.1N HCL,1.2 pH) solutiof]
Temperature 37C+0.2°C

RPM 50

Volume withdrawn 10 ml every 1 hrs.

A max 284nm

Sol. taken Ten ml sol. (Known drug content)

Evaluation of in-vitro release kinetics:[34]
To study kinetics data obtained from in-vitro raleavere plotted in various kinetic models.

%R = Kt

This model represents an ideal release profilerderoto achieve the pharmacological prolonged actihis is
applicable to dosage forms like transdermal syst@woated forms, osmotic systems, as well as mtdhilets with
low soluble drugs.

» Zero-order equation:
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» First order equation:

| Log% unreleased = Kt/2.303 |

This model is applicable to study hydrolysis kinstand to study the release profiles of pharmacaudbsageforms
such as those containing water soluble drugs inysomatrices.

» Higuchi equation:

%R=Kt0.5

This model is applicable to systems with drug dispé in uniform swellable polymer matrix as in case
matrixtablets with water soluble drug.

» Hixson and Crowell equation:

‘ (%unreleased) 1/3 = Kt

This expression applies to pharmaceutical dosagesfeuch as tablets, where the dissolution ocecupanes that
are parallel to drug surface if the tablet dimensiadiminish proportionality in such a manner thhe t
initialgeometrical form keeps constant all the tifféhen this model is used, it is assumed that seleate is
limitedby drug particles dissolution rate and ngtiffusion that might occur through the polymemetrix.

» Korsmeyer-Peppas equation:

This model is widely used, when the release phenomeould be involved. The end value could be used
characterize different release mechanisms as

Table No:-3

N Mechanism
0.5 Fickian diffusion(Higuchi matrix)
0.5<n<1| Anomalous transport
1 Case |l transport(zero orderelease
n>1 Super case- Il transport

The model that best fits the release data is saldzased on the correlation coefficient (r) valu@arious models.
The model that gives high ‘r' value is consideredthe best fit of the release data. The releasstaohwas
calculated from the slope of the appropriate plats the regression coefficient)(was determineb]

Accelerated Stability Study of optimized formulatian:

Accelerated stability study was carried out forimied formulation, to assess its stability as [@&# guidelines.
The optimized formulation were kept in amber comlibottles and was placed in the accelerated isyatiilamber
at elevated temperature and humidity of 4075% RH and a control sample was placed at diearncondition for

a period of 1 month. Samplings was done at a peetéted time of initial 0,1,2,3 and 4 weeks intérva
respectively. At the end of study, samples werdyapd for the appearance , pH and drug content.

RESULTS AND DISCUSSION

Identification of Drug by FTIR:

Identification study was performed using FTIR spaghotometer. The characteristic absorption peaks o
Pantoprazole were obtained at different wave numbEne peaks obtained in the spectra of pure douglates
with the peaks of official spectrum of British Phrercopeia which confirms the purity of drug.
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Figure 2: IR spectra of Sodium alginate
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Figure 5: IR spectra of Pantoprazole with Excipiens

Physical Appearance and P[6]:

All the prepared sodium alginate based in situtsmiuof Pantoprazole were checked for their claaityg the type of
the solution. All the solutions are light brown appearance and showed no visible particles or lumphe
preparation. After administration of the prepasetltion in (0.1N HCL, P1.2) also checked the time required for
gel formation and type of gel formed. Théwas measured in each of the solution of sodiurmalg based in situ
solution ofPantoprazole, using a calibrated digitdl meter. The measurement of pH of data wereiplidate and
the Average values given rable6. All the formulations are within required pH rangdtable for absorption.

Table 4: g of prepared In-situ gel formulation

Formulation code F1 F2 F3 F4 F5 F6
pH 9.3+0.11| 9.2+0.47 | 8.9+0.28 | 9.4+0.36 | 9.2+0.34 | 8.9+0.22

All the values are mean of 3 and S.D

Viscosity :

The viscosity of the formulations increased withimerease in sodium alginate concentration. Thisngimenon is a
consequence of increasing chain interaction witinarease in polymer concentration. Calcium carbanahich is

the source of cations, increased the viscosityhefformulation. This change in viscosity is dughe proportional

increase in the amount of dispersed calcium catibordl the values are tabulated in the table 7e Tritrease in

order of viscosity was observed form which F6 shaa higher viscosity value and the order of insecaf
formulations is aF1<F2<F3<F4<F5<F6 .

Table 5: Viscosity of prepared In-situ gel formulaton

Formulation code F1 F2 F3 F4 F5 F6
Viscosity 91+0.29 | 132+0.58| 156+0.63| 192+0.52 | 220+0.62| 240+0.18

Floating Behavior:

The buoyancy lag time varied with the formulatiariables. Formulation F6 exhibited the least buaydag time
(70 s) while formulation F2 exhibited the higheag Itime (82 s). The decrease in the buoyancy lag tf a
formulation F6 can be attributed to the availapilif an increased the concentration of calcium aaale, being

entrapped in the formed gel to give rapid buoyategspective of formulation variables, buoyancyation was >
12 hours.
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Table 6: Floating behavior of prepared In-situ geformulation

Formulation code F1 F2 F3 F4 F5 F6
Floating lag time(sec] 72+0.35| 82+0.41] 74+0.5 76+0.09 72+0.83 70+0|24
Floating time(hr) 10 >10 >10 >10 >12 >12

Gelling Capacity:
In vitro gelling capacity of various formulation f-situ floating gel is reported in table

Table 7: Gelling capacity of prepared In-situ gel 6rmulation

Formulation code | F1 | F2 | F3 | F4 | F5 F6
Gelling capacity ++ | A+ | A+ | A | |

Drug Content:
Determination of Calibration Curve:

Calibration Curve

0.25 -

o
[ o
o )

Absorbance
o
2

0.05

12

-0.05 -

Concentration (ug/ml)

Date: | | 08.02.2016

Calibration curve for : Pantoprazole
Solvent / Mobile Phase :| 0.1N HCL
Wavelength (nm) | 284
Unit for Concentration: mcg/m

Analytical Response : 0

Done By : | R
Equation for the standard curve : Conc.=| 4548 | 0 | + | 0.088
R= 0.9997

The Drug content of all (F1-F6) formulations is givin table no 10, It ranges in between 97.03%.62Z%. The
values are acceptable as per united state phareiacstandards.

Table 8: Results of Drug Content of all formulationof Pantoprazole

Formulation code F1 F2 F3 F4 F5 F6
Content uniformity (%)* | 97.03:0.38 | 98.03+0.38 98.54#0.4D 97.08+0.40 98.09+0.42 .626).42

5.8 In-Vitro Drug Release:
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The in-vitro drug releases of the in situ floatipej were carried in (0.1N HCI, 1.2"psolution from 0 to 12 hrs by
using dissolution test apparatus USP Type Il (Raddkthod). The samples were withdrawn at differtemie
intervals and analyzed at 284 nm. Percentage Ctineildrug release was calculated on the basis ahnagnount
of Pantoprazole present in the respective solutidme results obtained in the in vitro drug reledge the
formulations F1 to F6 in (Table 11). The plots ahewn in (Figure no. 9) for % cumulative drug reled/’S time.
Formulation F1, F2, F3, F4, F5 and F6 released a®®01 %, 97.60 %, 98.56%, 96.68%, 97.92% ,988& gy
after 12 hrs. respectively. The results are shawfigure 9 indicate that the formulation, F6 whiehs prepared by
the Sodium alginate (2%) with Pantoprazole showed) delease evenly and completely upto 12 hrs. Tthes
formulation (F6) has better result as comparisosthers formulations as sustained release.[6]

Table 9: In-Vitro Drug release of Pantoprazolen-situ gel Formulations (F1- F6)

Slno: | Time | %R1 | %R2 | %R3 | %R4 | %R5 | %R6

1 0 0.00 0.00 0.00 0.00 0.04 0.00
2 30 24.82| 2590 27.72 26.21 26.83 28|60
3 60 35.31| 36.33 37.33 36.13 36.61 39|13
4 120 46.71| 47.95 48.84 48.11 48.39 49|71
5 180 59.62| 60.92 6138 60.14 6146 61}44
6 240 63.01| 63.69 6491 63.35 6445 65|17
7 300 7591 76.33 775l 76.07 77.63 79|00
8 360 84.34| 79.37 80.4p 84.63 80.34 80}89
9 420 93.56| 81.39 825p 94.40 8240 83|87
10 480 93.02] 96.72 90.98 94.39 85.830 8693
11 540 93.43] 97.07 9824 96.37 97.89 9072
12 600 93.91] 97.60 9856 96.68 97.92 9888

Figure 10: In-vitro Release Profile of PantoprazoléF1 To F6)[25]
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Release Kinetics:

The % cumulative drug release (%CDR) was calculafée data obtained was further subjected to PCP OISS
software for curve fitting for drug release dafiéhe best fit model was found to be First order Knasmeyers pepp
as with the regression in the range of 0.4755 9984and 0.9532-0.9969 and the formulation exhibftekinian
diffusion mechanism with a value of 0.1095-0.16@®$nkulation F6 exhibited required release charaaties with
the regression value of 0.9969, as show in tabl€hELF6 formulation was further subjected to ameed stability
study.
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Table 11: Release Kinetics of all prepared formulabns

Model F1 F2 F3 F4 F5 F6
Zer0 order K | 0.0812 | 0.0745| 0.0693 0.0834 0.0912 0.0939
R | 04523 | 0.4326] 0.4122 0.4643 0.4851 0.4932
First order K | -0.006 | 0.0124| -0.008 0.2321 -0.009 -0.009
R | 04755| 0.4852| 0.4672 0.4912 0.4936 0.4998
Higuchi K | 0.2322 | 0.2125| 0.1913 0.1956 0.1817 0.2071
R | 09121 | 0.8856] 0.9190 0.8932 0.9021 0.8725
Hixon Crowell K | -0.0002| -0.0003 -0.0006 0.0123 0.00L1 -0.0003
R | 05236 | 0.4875] 0.4232 0.5189 0.4768 0.4758
K | 0.2456 | 0.2836| 0.292§ 0.2268 0.2861 0.3411
Krosmeyer — Peppag n | 0.161: | 0.132¢ | 0.124¢ | 0.153¢ | 0.160( | 0.127¢
R | 0.9532| 0.9658| 0.987% 0.9647 0.9855 0.9969

Accelerated stability study of Optimized Formulatian:
In pantoprazole preparations formulation F8 wabdaostable during accelerated stability studiesMopearance
clarity, pH and % Drug content as shown iin the [€at2. Finally it was observed that there was nange in

Physical and Chemical properties as well as in delgase profile even after storage at @0and 75 % RH for 1
month.

Table 12 : Results of accelerated stability studyf@ptimized formulation

Optimized Formulation

Appearance& Calrity | pH | % Drug Content
Initial No Change 8.9 98.62
First week Ambient No Change 8.9 98.62
40°C /75% RH No Change 8.9 98.62
Second week Ambient No Change 8.9 98.62
40°C /75% RH No Change 8.9 98.62
Third week Ambient No Change 8.9 98.62
40°C /75% RH No Change 8.9 98.62

CONCLUSION

The present work was carried out to develop a ngeebasedn-situ drug delivery system of Pantoprazole. The
methodology adopted for preparationidsitu gel solution was very simple and cost effectives hewer approach
to improve easy instillation, residence time anmhlailability and prolong drug release. From thedgtconducted,
the following conclusions were drawn, by varying thoncentration of polymer, it is to obtain thereased
residence time and sustained drug release. Amangdbel gum systems used sodium alginate was ftuubhd best
gum and viscosity enhancer in combination with pays with respect to increased duration of actiot drug
release. The study revealed that an appropriateentration is an important factor in achieving eased duration
of action and also release from the dosage formaciuieve sustained effect. The gel formed in sitiordéd
sustained drug release over 8 hrs periods. The ulations exhibited therapeutic efficacy. The depeld
formulation is a viable alternative conventiondiusion by virtue of its ability to enhance bioaallity through its
longer gastric residence time and ability to susthig release.
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