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ABSTRACT

The present investigation deals with the formulation and evaluation of sodium alginate based In situ gel of
Amoxicillin. Sodium alginate was used as a polymer and CaCO; was used as a cross-linking agent. The objective of
this study was to Sudy of Effect of Sodium Alginate & Calcium Carbonate Composition Difference on In Stu
Gelling Gastro retentive Amoxicillin Liquid Formulation. Gelling capacity was evaluated based on a graded
response which indicates rapidity of gelation and time taken by the gel to dissolve. All the formulations showed
instant gelation but with regard to integrity, all formulations except the one with lowest SA level formed stiff gels
maintaining integrity for at least 12 hr. With respect to floating behavior, all formulations except the one with the
lowest SA level floated for more than 12 hr irrespective of their composition. Most of the formulations took |ess than
1 min to float but those with the lowest SA and CaCOs levels floated after about 2 min. The formulations showed
satisfactory content uniformity and pH ensuring their safe use. The rheological studies showed that the formulations
possessed optimal viscosity which can facilitate easy administration of the required dose. Drug release study
revealed release retarding behavior of the formulations and noticeable burst release. This effect was reduced at
higher concentration of SA and CaCO;. Release retarding effect of SA was only marginal at higher concentrations.
CaCO; showed a similar effect but at higher levels insignificant change in release was observed. The study
demonstrated that release rate of amoxicillin was depends on the amount of sodium alginate and CaCOs used.

Key words: Amoxicillin, Sodium alginate, Calcium CarbonatépdtingIn-Stu Gel.

INTRODUCTION

The present investigation deals with the formulatend evaluation of sodium alginate badedsitu gel of
Amoxicillin. Sodium alginate was used as a polymed CaCQ@ was used as a cross-linking ageélicobacter
pylori (H. pylori) is one of the most common pathogenic bacterfakctions. It is associated with the development
of serious gastro duodenal disease, including pejters, gastric lymphoma, and acute chronic g@str. pylori
resides mainly in the gastric mucosa or at thefate between the mucous layer and the epitheditd of the antral
region of the stomach. Antibiotics required fordication ofH. pylori are high in dose and in more frequencies.
This is because of the low concentration of thébéotic reaching the bacteria under the mucosdabikty of the
drug in the low pH of gastric fluid, and short desice time of the antibiotic in the stomach, legdmincomplete
eradication oH. pylori [1, 2].Amoxicillin is a semi synthetic, orally absorbedofd-spectrum antibiotic. It is
widely used in a standard eradication treatmermastricH. pylori infection combined with a second antibiotic and
an acid-suppressing agent [3]. As conventional dlelivery systems do not remain in the stomachpfotonged
periods, they are unable to deliver the amoxicitirthe site of infection in effective concentrato Therefore, it is
necessary to design drug delivery systems thabmigtalleviate the shortcomings of conventionaid®ly vehicles
but also deliver amoxicillin to the infected callds. Some researchers had prepared and repostedmexicillin
formulations, such as floating tablets, mucoadlesablets, and mucoadhesive microspheres, whick wajele to
reside in stomach for an extended period for mdfectve H. pylori eradication [4, 5]. Amongst the described
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formulations, the floating tablet is preferred fmetter and less variable gastric retention, bhig a limitation of
incorporation of high dose of the drug. The drughwhigh dose like amoxicillin can be easily incorgted in
liquid in situ gelling formulation that upon oral administratican float for a prolonged period of time in the
stomach [6, 7]. The objective of this study wasStomdy of Effect of Sodium Alginate & Calcium Carlzde
Composition Difference om Stu Gelling Gastro retentive Amoxicillin Liquid Formation.

EXPERIMENTAL SECTION

Materials:

Amoxicillin Was Received As a Gift Sample From Darst Life Sciences Pvt Ltd (India). Sodium Algingd&A)
Were Purchased From Loba chemie (P) Ltd. Mumbdgi@a Carbonate, Sodium Citrate, Saccharin sodiuareV
Purchased From S d FINE-CHEM Limited, Mumbai. Ahér Chemicals Used In The Study Were of Analytical
Grade.

M ethod:

Preparation of Amoxicillin In-Situ Gelling Solution (F1-F4)

Sodium alginate (SA) solution at different concatians (0.5%W/V, 1.5%W/V, 2.5%W/V, 3.5%W/V) were
prepared in Deionized water containing G&Gl075%wi/v) and Sodium citrate (0.25%w/v) with doobus stirring.
Sodium Alginate solution was heated to°@Cand then cool to below 3D. After cooling, Calcium Carbonate
(CaCQ) Solution (1.0%w/v) and drug was added and digzergell with stirring. Add Citric Acid (0.2%w/v) ah
Saccharin Sodium (0.05 %w/v) to the above solutidth stirring. The resulting Sodium Alginate In-$igel
solution containing Amoxicillin was finally stored Amber coloured bottles until Evaluated [8, 9].

Preparation of Amoxicillin In-Situ Gelling Solution (F5-F8)

Sodium alginate (SA) solution (1.5%W/V) was preplane Deionized water containing Cag0.075%w/v) and
Sodium citrate (0.25%wi/v) with continuous stirrifBpdium Alginate solution was heated td@@nd then cool to
below 30C. After cooling, CaC® Solution at different concentrations (0.5%w/v, 39&w/v, 1.5%wl/v, 2.0%w/v)
and drug was added and dispersed well with stirddatyl Citric Acid (0.2%w/v) and Saccharin SodiumO® %ow/v)
to the above solution with stirring. The resulti@gdium Alginate In-Situ gel solution containing Arigillin was
finally stored in Amber coloured bottles until Evated [10].

Table 1: Composition of Amoxicillin Floating in situ gel

INGREDIENTS F1 F2 F3 F4 F5 F6 F7 F8
Amoxicillin 7.5% 7.5% 7.5% 7.5% 7.5% 7.5% 7.5% 7.5%
Calcium Chloride 0.075% 0.075% 0.075% 0.075% 0.075% 0.075% 0.075% 0.075%
Sodium Alginate 0.5% 1.5% 2.5% 3.5% 1.5% 1.5% 1.5% 1.5%
Calcium Carbonatsg 1% 1% 1% 1% 05% 0.75% 1.5% 2%

Citric Acid 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.2%
Saccharin Sodium 0.05% 0.05% 0.05% 0.05% 0.05% 90.05 0.05% 0.05%
Sodium Citrate 0.25% 0.25% 0.25% 0.25% 0.259 0.25% 0.25% 0.25%

DI Water Upto 100ml| Upto 100m]  Upto 100ml  Upto 100mUpto 100ml| Upto 100ml  Upto 100m|  Upto 100ml

Evaluation of In-Situ Gelling Solution

Deter mination of pH

The pHs of all formulations were measured usinglibated digital pH-meter (LABTRONICS, India) atam
temperature and results were recorded as averabeeefmeasurements [11].

Viscosity

Viscosity of the samples was determined using Bfietik Digital Viscometer (Model. DV-E Viscometer].he
formulation (100ml) was taken in a beaker and naénad at room temperature. Viscosities were deterchiat
different shear rates from 0.5-100rpm at room tenatpee by using Spindle No.62 [12].

Deter mination of In Vitro Gelling Capacity

To assess the in vitrgelling capacity, the method described by Ratloa was employed. Gelling capacity was
determined by placing 1 ml of each formulation iBtml of the gelation solution (0.1 N HCI) in a a borosilicate
glass test tube maintained at 371 OC. Each forntioulavas added with a pipette; placing the pipattéhe surface
of liquid and slowly releasing the content. Tihesitro gelling capacity of solution was evaluated and gdadn the
basis of stiffness of formed gel and the time tafkerthe gel to dissolve [13].
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Floating lag time (buoyant time)

Time taken by the gel to reach the top from thedmotof the dissolution flask is defined as the tilog lag time
(buoyant time)JThe floating lag time of gel determination was pemnied by visual inspection in a USP type I
dissolution test apparatus containing 500 ml ofN0HICI (pH 1.2 ) at 37+0%[14].

Water uptake

In the present study a simple method has been edidptdetermine the water uptake by the gel. [Fhstu gel
formed in 40 ml of 0.1N HCI (pH 1.2) was used fhiststudy. The gel was separated from the buffertisn and
blotted out with tissue paper; all the formulatiomsre done in the same way and weighed. It is densd as an
initial weight of the gel. To this gel 10 ml of diked water was added. After 30 minutes decantedvtater and re
weighed the gel. It was considered as final weighthe gel. By using the following formula watertake was
calculated [15].

Final Weight — Initial Weight y
Initial Weight

Water uptake (%) = 100

Drug content

10 ml of the solution was added to 900ml (0.1N HGbjution and stirred for 1 hour on a magneticrestirThe
solution was filtered, suitably diluted with (0.1HCL) and the drug content was determined by using Usible
Spectrophotometer at 294 nm against a suitablék isialution [16]

In- Vitro Drug Release

The release of drug from the formulations was deieed using a USP/24 dissolution test apparatus avipaddle
stirrer at 50 rpm. The dissolution medium used ®a8 ml of simulated gastric fluid (0.1N HCI, pH 1.2nd
temperature was maintained at 37 + 0.2 °C. Ten inthe formulation was added into the dissolutiorsses
containing simulated gastric fluid avoiding anytdibance using test tube. At each time intervaprecisely
measured sample of the dissolution medium (5ml) pipstte out and replenished with fresh medium J5@tug
concentration in the aliquot was determined spptimtometrically at 278m using a Shimadzu UV 1800 double-
beam spectrophotometer [17] (Shimadzu, Kyoto, Japan

RESULTSAND DISCUSSION

Determination of UV Absorbance M axima of Amoxicillin: The standard stock solution was used to deterinimat
theimax of (0.1 N HCI, pH 1.2) was used as blank fer ¢tudy. The spectrum was taken between the U\erahg
200-400nm. The highest peak obtained from the sp@canalysis was taken amax for Amoxicillin that used was
found to be 272nm.
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Fig.1: Standard curve of Amoxicillin in 0.1IN HCI (pH1.2)
Physical Appearance and Clarity

Physical characterization parameters are repoadidthe formulations had off white to pale yellowoloured
solution. Clarity of the all formulations was foutwlbe satisfactory.
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pH of the Formulations

Table2: pH of the In-Situ Gelling Formulations

Formulation Code | pH

F1 7.72
F2 7.79
F3 7.91
F4 7.93
F5 8.03
F6 8.1

F7 8.27
F8 8.41

The formulations possessed satisfactory pH valoging from 7.72 to 8.4T able 2) which is suitable to maintain
the formulations in a liquid state. Aqueous solusi@f sodium alginate are more stable at pH rafdel®. Below
pH 3, alginic acid is precipitated from the algmablution making the formulations unsightly contiag gel and

liquid phases.

Viscosity of In-situ Gelling solutions:

Table 3: Viscosity of the In-Situ Gelling For mulations

Formulation Code

Viscosity (cps)

F1

172

F2

289

F3

383

F4

461

F5

224

F6

258

F7

294

F8

311
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Fig.2: viscosity of Amoxicillin Oral Floating In-Situ Gel (F1-F4)
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Fig.3: viscosity of Amoxicillin Oral Floating In-Situ Gel (F5-F8)
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The viscosity of the formulations increased withimerease in sodium alginate concentration. Thenpheenon is a
consequence of increasing chain interaction witlinarease in polymer concentration calcium carbonetich is
the source of cations, increased the viscosityhefformulation. This change is viscosity is dugh® proportional
increase in the amount of dispersed calcium cartieona

Floating Behaviour

Table4: Floating lag time & Floating Duration of the In-Situ Gelling For mulations

Formulation Code Floating Lag Time | Floating Duration
(se) (hr)
F1 122 10
F2 38 >12
F3 31 >12
F4 28 >12
F5 108 >12
F6 35 >12
F7 25 >12
F8 19 >12

a) Floating lag time

Regarding floating lag time, higher polymer concetibns shorten the time taken to float complewher the
surface of the dissolution medium in agreement itter reports. This may be due to the higher elioksg
density at higher polymer concentrations which daeffectively trap the GObubbles so that density of the gel is
reduced rapidly to induce buoyancy. Formulatiors8) float to the surface.

b) Floating Duration
The total floating time of the prepared formulasamere performed in 0.1N HCL '{A1.2). Results of in-vitro total
floating time of formulation F1 to F8 were descdlia (Table 4).

In-situ gel containing
0.5% SA & 1.0% CaC@g(F1)

In-situ gel containing
1.5% SA & 1.0% Cafde2)

In-situ gel containing
2.5% SA & 1.0% CaCgF3)

In-situ gel containing
3.5% SA & 1.0% Cagie4)
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In-situ gel containing In-situ gel containing
1.5% SA & 0.5% CaCgIF5) 1.5% SA & 0.75% Cad{kb)

In-situ gel containing In-situ gel containing
1.5% SA & 1.5% CaCglF7) 1.5% SA & 2.0%@3; (F8)
Fig.4: Floating Behaviour of Amoxicillin In-Situ Gel

Gelling Capacity of the Formulations

Table5: Gelling Capacity of the In-Situ Gelling For mulations

Formulation Code | Gelling Capacity

Fl +

F2 ++
F3 +++
F4 +++
F5 ++
F6 ++
F7 +++
F8 +++

+ = gelationimmediate (< 10 s), weak gels dissol ve after few hours (6 hr)

++ = gelationimmediate (< 10 9), tiff gels remaining for 12 hr
+++ = gelation immediate (< 10 s), more gtiff gels remaining for more than 24 hr

As a prerequisite, an Oral in-situ gelling gasgtentive formulation should undergo rapid sol tbtgensition when
it comes in contact with the gastric fluid. Moreovi® facilitate sustained drug release, ithaitu formed gel should
preserve its integrity without dissolving for a fmoged period of time. In all the formulations, -$oigel transition
occurred instantaneously at the formulation/sinagagastric fluid interface as the formulations werepped from
pipette.

However, though gelation occurred instantaneoukby nature of the gels formed was dependent upopdlymer
and CaC@ concentration. Low sodium alginate concentratieh) formed weak gel€T able 5) which would not be
able to withstand peristaltic waves of the Gl tracid might be propelled to the intestine with siomcontents. F1
could not last longer than 10 hr, even during phesiod it appeared very weak gel full of bubble®.dhowed an
intermediate gelling capacity, with stiffness lowdwian F3 and F4. Therefore, lower concentratiorsadium
alginate as in F1 could be of no value for susthiard site specific release of drugs such as AnilixicThe
observed increase in gel strength with increasedc@#centration is presumably due to increased pedychain
interaction. At lower CaC@concentration, the gels did not go beyond 12 leabse at the CaGQevels used, the
available sodium alginate chains might not be sigffitly cross linked. In other words, the formedsgaight not be
of pure calcium-alginate gels which were reportiséwhere, to be stronger than the alginic acid. gels
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Drug Content

Table 6: Drug content of the In-Situ Gelling Formulations

Formulation Code | Drug Content (%)
F1 97.72
F2 98.35
F3 99.12
F4 99.16
F5 98.39
F6 99.25
F7 97.56
F8 97.72

All the batches formulated exhibited drug contemifarmity ranging from 97.72% to 99.25%, indicating
homogenous distribution of drug through -out the ge

99.5 4
99

9B.5

98
97.5 -
97 - I
96.5 - . . T T T . T
F1 F2 F3 Fa F5 F6 F7 F8

Formulation code

Drug content(%)

Figu.5: Drug content of Amoxicillin Floating In-Situ Gel (F1-F8)
Water uptake

Table7: Water Uptake of the In-Situ Gelling Formulations

Formulation Code | Water Uptake (%)
F1 18.63
F2 33.29
F3 50.36
F4 62.65
F5 30.78
F6 39.63
F7 47.31
F8 58.52

Prepare all formulations exhibited water uptakechtis observed in the range of 18.63% to 58.52%ed3e of the
drug from the polymer matrix depends on the amaotintater extended period of floating lag time amdgdrelease
respectively. The release of the drug may invoheegenetration of water into the matrix and simnétusly release
of the drug via diffusion or dissolution. Increasethe concentration of sodium alginate from 0.586 8.5%
resulted in the increasing of water uptake capagfityodium alginate based insitu gelling solutiS8milarly, cacq
concentration was found to have an effect on watéaike capacity of insitu gel.
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Fig.6: water uptake by Amoxicillin Floating In-Situ Gel (F1-F4)
T0 A

40 -
30 A
20 A
10 A
T T T 1
F5 Fb F7 FB

Formulation Code
Fig.7: water uptake by Amoxicillin Oral Floating In-Situ Gel (F5-F8)

Water uptake(%)

In vitro Drug Release Studies:

Table8: In-vitro Drug release of the In-Situ Gelling For mulations

FORMULATION CODE
TIME M) —= T/ [ Fa | F4a | F5 | F6 | F7 | F8

0 0.00 | 0.00] 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
1 24.11| 4587 4311 41.98 4934 4713 4276 41.07
2 66.04| 64.16 6143 60.76 6743 6359 6044 61.23
3 70.54| 71.06 6654 6498 7856 72/p7 6665 63.11
2 90.57| 78.02] 73.32 69.44 86.89 7856 7132 70.16
5 08.23| 84.12| 7943 75.81 9499 83p3 7654 71.54
6 9852| 91.10| 84.65 79.00 9814 89p4 8282 83.12
7 96.07| 8832 83.10 9833 97.04 878l 8865
8 98.08| 94.47 87.12 97.03  91.93 92045
9 98.41| 9757 92.69 9519 96.62
10 97.86] 96.40 96.78  97.23
11 96.56 96.94 9751
7 96.73

All the formulations showed significant burst redeawhere approximately, 41-50% of amoxicillin wateased
within the first hr. This burst release might btihatited to the dissolved drug present at the serfa the formed
immediately upon contact with the 0.1N HCL. In ditdi to this, some lag time is required for theeasle of c&
ions from cacgand cross linking of the guluronate residues ofilsndalginate which plays a major role in the
formulation of barrier gel. The release profilescaldepicted that all formulations release 60% oremof
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amoxicillin within the first 2hr and the remainiagnount released at a steady rate that declinedtiwithtill the end
of the dissolution study.

Increasing concentration of SA from 0.5% - 3.%P4g.8) resulted in the reduction of amoxicillin releaseera
Higher polymer concentration levels reduced theas# rate presumably due to the higher polymeritgensmed
that could serve as an effective barrier acrosshwtiie drug had to diffuse. Though higher SA cotsteesulted in
slower release of amoxicillin compared to the folation with the lowest level of SA.
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Fig.8: In-Vitro Drug Release of Amoxicillin Floating In-Situ Gel (F1-F4)

The effect of concentration of the cross-linkinggaig CaCQ@, on the release of Amoxicillin is shown (Rig.9). As

it can be observed, the higher O®@leased, due to increase in the concentrati@a@fQ might make the gels more
porous with undesirable weakening effect of getgnity. This finding is similar with that reportdxy Nagarwalet
al®® where they found that increasing CaCG@oncentration beyond 1.5% did not show appreciablease
retardation compared to the formulations with loeencentration.
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Fig.9: In-Vitro Drug Release of Amoxicillin Floating In-Situ Gel (F5-F8)
CONCLUSION

This study showed the feasibility of in-vitro gelring from aqueous solution of sodium alginatetaiming C&"
ions in a complexed form. The aqueous solutionaxfisn alginate based in-situ gelling formulatiorwed
different properties based on their differenceamposition. Except for the formulation with lowéstel of sodium
alginate, all systems preserved their integrity theg 12 hours study period. Furthermore, all tHesmulations,
regardless of their composition, remained floatfag the study period. Therefore, in-vivo, the pnepimns are
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expected to remain in stomach long enough witheutdemptied into the intestine to provide a snstdirelease of
amoxicillin to be efficiently observed within itdsorption window. The formulations showed satisfactcontent
uniformity and pH ensuring their safe use. The Ibgioal studies showed that the formulations passg®ptimal
viscosity which can facilitate easy administratadrthe required dosén-vitro drug release study proves that release
rate of amoxicillin was depends on the amount dfism alginate and CaGQised.
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