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ABSTRACT

The buccal route has been used for many years to delivery drug which undergoes first pass
metabolism within the oral mucosal cavity, the buccal region often attractive route of
administration for local or systemic drug delivery. Due to its high potential a bioadhesive system
place a major rolein controlling drug release. Recent interest has been expressed in the delivery
of drug via mucus membrane by the use of adhesive materials on which studies are been
intensively undertaken. The objective of this work was to design a mucoadhesive tablet with a
potential use in the treatment of Diabetes mellitus. A Bi-layered tablet (Core layered + Backing
layered) containing Glibenclamide has been formulated. Carbopol-940, Polyvinylpyrrolidone
(PVP), and Sodium corboxymethyl cellulose were used as polymer. Tablets were obtained
through direct compression. Properties such as in vitro mucoadhesion, water uptake, surface
pH, and drug release were evaluated. The core layer constituents were Glibenclamide (5mg),
Carbopol, Na-CMC and PVP in 3 different ratios. The backing layer does not contain drug, it is
meant to prevent tablet from disintegration in buccal cavity. The mixture CP: Na-CMC (2:3)
showed good water absorption. The CP : PVP (1:4) formulations(F5) showed the best drug
release pattern and bioadhesion property. The analysis of in vitro release data showed zero
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order release pattern associated with Higuchi diffusion which might be the possible drug release
mechanism.

Keywords: Mucoadhesive buccal tablets, bilayered tabltfenclamide; Carbopol 940; PVP,
Sodium CMC.

INTRODUCTION

Conventional routes of drug administration suclor@s, intramuscular and intravenous have, in
many cases, been supplanted by the advent of rexe] drug delivery systems. The systemic
delivery of drugs through novel methods of admmaisbn is one area in which significant
changes and improvements have been made. Conslggpeatise control of drug input into the
body by a variety of routes is now possible. Cdidgtband sustained release formulations have
been developed and are gaining in popularity andiecak acceptance[l]. Oral mucosal drug
delivery is an alternative method of systemic ddedjvery that offers several advantages over
both injectables and enterable methods[2]. Notlalhs, however, can be administered through
the oral mucosa because of the characteristichefotal mucosa and the physicochemical
properties of the drug.

Buccal delivery of drugs provides an attractiveemative to the oral route of drug
administration, particularly in overcoming deficod®s associated with the latter mode of
administration problems such as high first passabwism, drug degradation in harsh
gastrointestinal environment can be circumventeddyinistering a drug via buccal route[3-4].
More over buccal drug absorption can be termingtednptly in case of toxicity by removing
the dosage form from the buccal cavity. It is gisgsible to administer the drug to patients who
cannot be dosed orally to prevent accidental swalg. Therefore mucoadhesive dosage forms
were suggested for oral drug delivery which inckiddhesive tabletsadhesive gelsand adhesive
patches[5].

In present study, the mucoadhesive tablets wereeldged using hydrophilic polymers
Carbopol-940, Polyvinylpyrrolidone (PVP), and Sadiucorboxymethyl cellulose) to get
controlled and zero order drug release.

Glibenclamide is a second generation Sulfonylugapound used as an oral hypoglycemic or
antidiabetic agent[6] Therapy with Glibenclamideusually initiated with 2.5mg given once
daily. The maximal recommended daily dose is 20@ighenclamide is 200 times more potent
than tolbutamide in evoking pancreatic secretiomsilin. It differs from other oral poglycemic
drugs where in tolerance to this action appayemtles not occur. It also upregulates insulin
receptors in the periphery, which seems to be thegpy action. It has a special status in the
treatment of non-insulin-dependent diabetes melltecause it is effective in many cases which
are resistant to all other oral hypoglycemic drugsliffers from other oral hypoglycemic drugs
ie more effective during eating than during fasting
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About 50% of Glibenclamide is metabolized to itaative metabolites in liver. With a view to
bypass the hepatic first pass effect and therelpyawing bioavailability of drug an attempt to
develop a buccal mucoadhesive dosage form for Gdibenide has been made in the stiidy

The aim of this study was, design, development ehdracterization of a buccoadhesive
controlled-release tablet of Glibenclamide usingnsoselective polymers like Carbopol-940,
Polyvinylpyrrolidone (PVP) and sodium carboxymetbgllulose (NaCMC). Also the interaction
between polymers and drug-polymers, bioadhesion ianditro release characteristics of
Glibenclamide from different buccoadhesive matalzléts was evaluated to assess the suitability
of such formulations.

EXPERIMENTAL SECTION

Glibenclamide (Sun Pharmaceuticals Mumbai) SodiusrbGxy Methyl Cellulose (Loba
Chemie Pvt. Ltd., Mumbai) Carbopol-940 and PolyViRyrrolidone (Himedia Laboratories
Pvt. Ltd Mumbai) Magnesium Stearate (New Modern r@icals Corporation, Mumbai). All
other chemicals, reagents and solvents were useaf &nalytical grade.

Preparation of Buccal Tablets:[10,11]
Buccal tablets were composed of two layers i.e.
v' Core layer
v Backing layer

Core layer contains drug Glibenclamide, differenticoadhesive polymers and Magnesium
stearate as a lubricant. This layer weighed abs0tmg.

Backing layer contains water impermeable compounégmésium stearate, Polyvinyl
pyrrolidone, Carbopol 940, Saccharin sodium as aeessner, peppermint oil as a flavouring
agent and Amaranth as a coloring agent. This laggghed about 75 mg. Therefore total weight
of the tablet was 225mg.composition of core tabigs shown in Table 1

Preparation:
Buccal tablets were prepared in 3 stages:-

Stage-I: Preparation of Core Layer's Mixture:
All ingredients such as Glibenclamide, polymers araticant (2%) were mixed well by using
glass mortar and pestle. This mixture was usethipreparation of core layer of the tablet.

Stage-II: Preparation of Backing Layer's Granules:

All ingredients such as Carbopol 940, Polyvinyl olidone, Magnesium stearate, Saccharin
sodium were mixed well using glass mortar and pestl In a separate glass beaker solution of
Amaranth was prepared, using ethanol as a solM@ytgradually adding the color solution to a
dry mixture; a wet mass/lump was prepared. Peppewil was added to this lump and mixed
properly. Then this lump was passed through teees(Sieve No0.40). Then wet granules were
dried in a Hot Air Oven at a temperaturé&dor 20 minutes. To this dried granules, magnesium
stearate lubricant was added. These granules veexe for the preparation of backing layer of
the tablet. The composition of backing layer isvghan Table 2
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Stage-Ill : Compression[12]

For this purpose an I.R. hydraulic press and DiecRuSet having diameter of 10mm was used.
Firstly, the mixture of drug and polymers (weighgaantity-150mg) was compressed using a
pressure of 50kg/ctfor 5 seconds. Then upper punch was removed aenl gnanules of
backing layer (weighed quantity —75mg) were addeer ahe first layer and compressed at a
pressure of 200kg/chfior 15 seconds

By this way, the bilayer tablet was prepared. Tirepared buccal tablets of different
formulations are shown in Fig No 8

Table 1: Composition of Buccal Tablets Core Tablets

S.No Ingredients F F Fs F4 Fs Fs

1. Glibenclamide (mg) 5 5 5 5 5 5

2. Carbopol-940 (mg) | 47.66  28.6( 57.20 47.66  28.687.20

3. Sodium Carboxy 95.34| 114.4 85.8 - - --
Methyl Cellulose-H
(mg)

4. Polyvinyl - - - 95.34 | 114.4] 8538
Pyrrolidone-K30
(mg)

5. Magnesium stearate 2 2 2 2 2 2
(mg)

6. Average weight 150 150 150 150 150 15Q

Table — 2: Composition of Buccal Tablet Backing Lger

Sl. | Ingredients Quantity (mg)

1. Magnesium stearate 33.75

2. Carbopol-940 9.37

3. Polyvinyl Pyrrolidone 28.099
K30

4. Amaranth 0.03

5. Peppermint oil 0.001

6. Saccharin sodium 3.75

Composition same for all formulations
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General Appearance:
In this study, tablets were tested for size, shaphlar, presence or absence of an odour, taste,
surface texture, physical flaws and consistencylegitility of any identifying markings.

Weight Variation Test!*3)

The weight variation test was done by weighing &fldts individually, calculating the average
weight and comparing the individual tablet weigitshe average. From this, percentage weight
difference was calculated and then checked for sl&feifications.

Hardness
Hardness of the tablets was determined using anbasdtesting apparatus ( Monseto Type). A
tablet hardness of about 5-6 kg/cm2 is considededzate for mechanical stabillty!

Friability
The friability of the tablets was measured in a IRodriabilator (Camp-bell Electronics,
Mumbai, India).

Tablets of a known weight ( WO ) or a sample otdtbare dedusted in a drum for a fixed time
(100 revolutions) and weighed (W) again. Percenfagbility was calculated from the loss in
weight as given in equation as below. The weigbs$ khould not be more than 1% w/w.10

% Friability = (WO0-W)/ WO x 100

Content Uniformity Test:

Six tablets were randomly taken and triturated giginglass mortar and pestle. An accurately
weighed quantity of triturated powder equivalent2® mg of drug was taken into 50 ml
volumetric flask and dissolved in a minimum amoahtmethanol and volume was made up to
the mark with phosphate buffer (pH 7.4). This gitBe concentration of 500g/ml. From
above solution, 1 ml was withdrawn and further titlto 50 ml with phosphate buffer (pH 7.4).
This gives the concentration of L@/ml; which is in Beer's range. This was then paddor
drug content using UV spectrophotometer at 226 nhis was done in triplicates and the
average drug contents were estimated in the prearecal tablets.

Tablet Disintegration Test: !

The disintegration pattern of each bioadhesive dlutablet was observed by immersing the
tablet in a glass Petri dish of 9.2 cm diameternt@iomg 25 ml of water at room temperature
(28°C). The morphological changes of each tablet vbsgwed for 20 hrs.

Measurement of Surface pH®
The method used to determine surface pH of the dtaton was similar to that used by
Bottenberg et al.

A combined glass electrode was used for this perposhe tablet was allowed to swell by
keeping them in contact with 1ml of distilled wafpH 6.6:0.05) for 2 hr. and pH was noted by
bringing the electrode in contact with the surfatéhe formulation and allowing it to equilibrate
for 1 min. This test was done in triplicates aneamwas calculated.

295



Marikanti Rajkumar et al J. Chem. Pharm. Res., 2010, 2(4):291-303

Water Absorption Study: 7!

This was done on 1% agar gel plates. The tablete \wlaced with the core facing the gel
surface and incubated for 6 hr. a’@7 The tablets were weighed before and after signoh
the agar plate, from that % water absorption wdsutsted and examined for any physical
change. Three replications of this test was cduoig and average was calculated.

Measurement of Bioadhesive StrengtH*®!

Bioadhesive strength of the buccal tablets was oredson modified physical balance using the
method described by Gupta et al. In the presertys Sheep intestine skin was used as a
model mucosal surface for bioadhesion testing. thWeesides of the balance were balanced with
a 5 gm weight on the right hand side. A fresh @ietSheep intestine skin membrane was fixed
with the mucosal surface upwards using thread thesprotrusion in the rubber block which is
covered with inert aluminium surface. The block whsen lowered into the glass container,
which was then filled with isotonic phosphate buffpH 6.6) kept at 37°+1°C, such that the
buffer just reaches the surface of mucosal membagmekeeps it moist. This was then kept
below the left hand set up of the balance. Theetalvhs then glued (Evobond) at the border
adhered to a aluminium surface hanging on left leade and beam raised, with the 5gm weight
on the right pan removed. This lowered the alunmmisurface along with the tablet over the
mucosa, with a weight of 5gm.

The balance was kept in this position for 10 mid #men slowly water was added to the glass
container in the right pan by pipette. The additiaater was stopped as soon as the detachment
of two surface was obtained. Weight of water wasisneed. The excess weight in the pan i.e.
total weight minus 5gm is the force required toasate the tablet from the mucosa. This gave
the bioadhesive strength of the tablet in grams.

Sheep intestine skin membranes were obtained flangister shop and three tablets were tested
on each. After each measurement, the tissues gendy and thoroughly washed with
phosphate buffer (pH 6.6) and left for 5 minutefolkee the next experiment. Fresh membrane
was used for each batch of tablets.

Dissolution Studies**!

The dissolution of the buccal tablet was perfornusthg USP XXIII dissolution apparatus
(paddle method) using 500 ml of phosphate buffét {p4) as the dissolution medium, which
was maintained at 3¢ and stirred at 50 r.p.m. Tablet was glued wislaracrylate adhesive
(Evobond) from backing layer side to the glasseskahd it was placed at the bottom of jar of
dissolution apparatus to avoid movement of tabAdtquots of 5ml of samples were withdrawn
with a bulb pipette at different time intervals3@, 60, 120, 180, 240, 300 and 360 minutes and
replaced with equal volume of phosphate buffer {p#) at each withdrawal, filtered it through
Whatmann Filter Paper No.1.

The samples were then analyzed spectrophotoméyrata?26 nm and the cumulative amount of
drug released at various time intervals was caledla This test was done in triplicates.
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In-vitro Diffusion Study: ?%

These studies were carried out using Keshary-Cliyanglass diffusion cell.

In this study, Cellophane membrane was used asreetbmembrane. Cellophane membrane
firstly dip into boiling water for 30 min, then mtethanol for 4hr and finally 6.6 phosphate
buffer for 24 hr.

Keshary Chien cell consisted of upper cylindridehmber open from above. Lower chamber in
a form of a closed cylinder containing the samplet.p Lower chamber was covered by outer
jacket to maintain the desired temperature. Thectjon between the two chambers was
designed in such a manner that mucosa did notfsbuift its place.

Firstly, the Teflon coated magnetic bead was kepdwer chamber, then the mucosal membrane
was placed between the two chambers. The two clamiere tied with the help of clamp. The
tablet was kept on the Cellophane membrane in sualay that Core layer of the tablet was
facing the membrane. The upper chamber was filled 12 ml of isotonic phosphate buffer
(pH 6.6) and the lower chamber with 12 ml of isa¢qrhosphate buffer (pH 7.4).

The outer jacket of cell was filled with water ath@ whole assembly was kept on the magnetic
stirrer and maintained at 37°C temperature and at 100 r.p.m. speed of magnesid.b

Aliquotes of 1ml samples were withdrawn from the/éo chamber at different time intervals of
30, 60, 120, 180, 240, 300 and 360 minutes anéeedlwith equal volume of phosphate buffer
(pH 7.4) at each withdrawal. 1 ml of sample wasitddl to 25 ml with isotonic phosphate buffer
(pH 7.4) and analyzed spectrophotometrically at 886 and the cumulative amount of drug
permeated through membrane at various time intewak calculated. Three replications of this
test was carried out.

RESULT AND DISCUSSION
Preformulation studies for Drug-Excipients Compatillity
The preformulation studies between the drug andowar polymers under experimental
conditions were done using I.R spectrum.
The I.R characteristics of Glibenclamide with thdividual polymer resembles almost the I.R

structural characteristics of pure Glibenclamideewlcompared with the spectra of pure sample
of Glibenclamide (Figure No. 5, 6, 7).
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I.R. Spectra Of Glibenclamide, Glibencladide+ Carbpol 940 And Glibenclamide+ Pvp
Respectively
FigNo 4,5, 6
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Physical Evaluation of Buccoadhesive Bilayered Tadéts

Tablets of all formulations were round in shapeaksin size (10mm diameter) with flat surface
and having a good physical appearance. Due todlweir difference between two layers (pink
and white), tablet became easily distinguishabtéeasy for application. The assayed content of
drug in various formulations varied between 97.3% 89.8% (mean 98.58%). Tablets weights
varied between 224.87 and 226.79 mg (mean 225.27 Haydness between 3.96 and 5.21
Kg/cm?(mean 4.49 Kg/cm?) and Friability ranged kesgw 0.92% and 1.09 % (meanl1.006%).
Thus all the physical parameters of the bilaydbedoadhesive compressed matrices were
shown in Table 3.
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Table 3: Physical Evalution of Bilayered Bucoadhege Matrix Tablets

S.No | Formulation| Hardness | Disintegration Avg.wt % %Drug

(kg/cmz) n=3| Time (hrs) (Mg) Friability Content
1. F1 3.97+0.081 13.30 225.150.15 1.09 98.6%
2. F2 4.06+ 0.040 13.00 224.9%0.19 1.06 98.0%
3. F3 4.21+ 0.070 13:30 224.920.78 1.01° 97.3%
4. F4 4.52+ 0.040 12.00 224.8%0.12 1.01 98.2%
5. F5 5.21+0.187 16:00 224.92:0.45 0.92 99.8%
6. F6 4,98+ 0.041 17:30 226.7%0.25 0.95 99.6%

The disintegration time was found to be 13.30, 0318.30, 12.00, 16:00, and 17.30 hrs for
tablets F1 to F6 respectively. The results of srfaH values for all formulations were found to
be 6.11, 6.38, 6.06, 6.64, 6.68, and 6.95 for fdatan F1 to F6 respectively. There was no
considerable difference in surface pH of tableexcéntage water absorption of all formation
were found to be 64.86%, 57.66%, 96.44%, 56.93%53P0, and 55.43% for the tablets F1 to
F6 respectively. The percentage water absorptfahenrespective tablets were determined at
360 minute. The values indicated that formulatibigo F3 showed higher water absorption as
compared to the formulations F4 to F6. It revedhed incorporation of Sodium CMC was found
to be maximum water absorption. In formulationst&1F3, extent of water absorption was in
order of F2< F1< F3 and in formulations F4 to Kéeat of water absorption was in order of
F6< F4< F5. This indicated that an increase inceatration of Carbopol 940 in formulations
was found to maximize water absorption and thusesse in concentration of PVP decreases
the water absorption. The mean bioadhesive strewaliles were found to be 14.73, 13.27,
17.47, 13.70, 22.40, and 14.74 gm for the bucdaleta F1 to F6 respectively. This study
showed that addition of PVP to the Carbopol 940 ¥asd to maximize the bioadhesive
property of buccal tablets, when compared with @mdCMC. Formulation F5, which contain
Carbopol-940 and PVP in a ratio, 1:4 was found ¢otlie best ratio of these polymers and
exhibited strongest bioadhesive strength. The vafusurface pH, water absorption and weight
required for detachment is shown in Table No 4

Table No 4:Surface Ph, Percentage Water Absortionand Weight Rpiired For Detachment Of
Different Buccoadhesive Tablets Of Glibenclamide

S.No | Formulation Surface pH % water Weight
absorption required for

detachment
1. F1 6.11 +0.105 64.86+ 2.898 | 14.73 0.812
2. F2 6.38 £0.112 57.66+ 1.486 | 13.2°4 0.830
3. F3 6.06 + 0.061 96.44+ 3.354 | 17.4& 0.399
4. F4 6.64 £ 0.200 56.93+ 3.451 | 13.7&: 0.322
5. F5 6.68 + 0.196 70.53+ 1.159 | 22.4& 0.239
6. F6 6.95 £ 0.035 55.43+1.212 | 14.74 0.166
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In-Vitro Dissolution Study Of Different Buccoadhesive Tablets Of Glibenclamide

The in-vitro dissolution was studied in phosphaiédr pH 7.4 and Cumulative percentage drug
released has been found to be 70.79, 54.37, 831538, 85.64, and 77.53 for the tablets F1 to
F6 respectively at the end of 6 hrs. The in vigease data was fitted in zero-order, first-order,
Higuchi, Korsmeyer-Peppas and bidha's model. Thevd&2es of zero-order release model were
in between 0.9995 and 1.0). Thus, the releaseuyf fitom glibenclamide bilayered bioadhesive
tablets follows zero-order kinetics. It was revedby the peppas plot that the drug release from
different buccal tablets fitted well to theosion mechanism. Drug release from the various
controlled release formulations is indicated in Eigrhe correlation coefficient (r) values of the
formulations is indicated in Table 5.

Table No 5: Kinetic Values Obtained From DifferentPlots Of In-Vitro Dissolution Study Of
Different Buccoadhesive Tablets Of Glibenclamide (E— F6)

Formulation Zero order First order Huguchi’'s peppas bidhas
F1 0.9574 0.9443 0.9066 0.9674
0.9809
F2 0.9851 0.9937 0.9929 0.9527 0.9915
F3 0.9932 0.9460 0.9703 0.9736 0.9939
F4 0.9764 0.9852 0.9870 0.9809 0.9889
F5 0.9905 0.9649 0.9879 0.9810 0.9843
F6 0.9564 0.8933 0.8894 08496 0.9175

The ‘n’ of F1 to F6 was found to 800043, -0.0003, -0.00084, -0.00083, -0.00092
and -0.00065 which were less than 0.5 for alinidations. So all formulation follows the
Fickian release. In-vitro dissolution studies digahowed that the formulation(F5) containing
Carbopol 940 and PVP showed higher drug releasemapared to the formulations containing
Carbopol 940 and Sodium CMC.

Fig No 1: In-Vitro Dissolution Profile Profile Of Glibenclamide Bilayered Buccoadhesive Tablets
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Fig No 2

FIGURE -7
PLOTS OF CUMULATIVE PERCENTAGE DRUG
RELEASED AS A FUNCTION OF TIME FOR DIFFERENT
BUCCAL TABLETS (F4 - F6)
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In-Vitro Diffusion Study of Different Buccoadhesive Tablets Of Glibenclamide

In vitro diffusion studies were carried out withllophane sheet as a barrier. The studies were
carried out in triplicate and results shown in Eig No. 3 and 4 are mean of the replicate values.

Fig No 3: In-Vitro Diffusion Profile of Glibenclami de across Synthetic Membrane (Cellophane
Sheet)
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PLOTS OF CUMULATIVE % DRUG RELEASED AS A
FUNCTION OF TIME FOR DIFFERENT BUCCAL
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The kinetic data depicts that the drug releasemaisly due tadiffusion anderosion mechanism
as the strong positive values of regression caefftc(r) obtained form the graph. Regression
coefficient values indicated that the drug relgaaiern from tablets matches neaztyo order
release pattern withickian release behaviour.

CONCLUSION

From the foregoing investigation it may be conchlideat the release rate of drug from the
bilayered bioadhesive matrix tablets can be gowkrbg the type of the polymer and the
concentration of the polymer employed in the prapan of the tablets. Slow, controlled and
complete release of glibenclamide over a periodlof was obtained from the matrix tablets
formulated employing Carbopol 940 and PVP. The mdbesive buccal tablets of
glibenclamide can help to bypass extensive hegmtitpass metabolism and hence improve
bioavailability. The buccal bi-layer tablets showsethucoadhesion time of more than 6 hours.
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