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ABSTRACT

The purpose of the study was to formulate and et®@lmucoadhesive bi-layer buccal tablets of Nifiegtip using
the Natural bioadhesive polymers such as Pecticotmpare the synthetic polymer like Carbopol 97HHPMC-
K4M and Polyvinyl pyrrolidone (PVP- K30) along wighthyl cellulose and magnesiumsterate as an impetae
backing layer to improve the oral bioavailabilityhe preformulation study was performed by FTIR BISL. The
first layer which adheres to mucosa was obtainedlibgct compression of mucoadhesive polymers and.drhe
second layer containing water impermeable agent ezaspressed on the first layer. The tablets weaduated for
weight variation, thickness, hardness, friabilisurface pH, mucoadhesive strength, swelling indexjtro drug
release. The surface pH of all the tablets waseckmsneutral pH the mechanism of drug release wasd to be
non-Fickian diffusion  for buccal tablets. The gat study concludes that mucoadhesive buccal ttalie
Nifedipine can be a good way to bypass the extenkipatic first-pass metabolism and to improve the
bioavailability of Nifedipine

Keywords: Mucoadhesion bi-layer tablet, buccal drug deliv&ifedipine.

INTRODUCTION

Buccal delivery of drug provides an alternativahe oral route of drug administration. In recenarge delivery of
therapeutic agents through various trans-mucosgksogained significant attention owing to theie-gystemic
metabolism or instability in the acidic environmessociated with oral administration. Buccal delyvprovides

direct entry of drug into the systemic circulatioayoiding the hepatic first-pass effect, ensuriragee of

administration, and making it possible to termindéfivery when required. Suitable buccal drug delvsystem
should possess good bioadhesive properties, sdit et be retained in the oral cavity for the desdiduration and
should release the drug in a unidirectional wayaiithe mucosa, in a controlled and predictablenegrio elicit

the required therapeutic response. This unidireatidrug release can be achieved using bi- layéettdosage form
Nifedipine, a calcium channel blocker used in tteatment of angina pectoris and hypertension. fié@tment

requires a constant release of the drug into systeinculation. Since, its half life is 2-4 hrs rées frequent dosing
of the drug. Even though nifedipine is rapidly aichost completely absorbed from Gl tract it undesyextensive
first pass metabolism (around60%) resulting in arpaioavailability (45%) after oral administratiohlence, to

improve its therapeutic efficacy, patient compliamand to reduce the frequency of dosing and sieetsfas well as
to avoid its extensive first pass metabolism, Mudtesive buccal drug delivery approach was considerebe

better suitable for nifediping’
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MATERIALS AND METHODS

Nifedipine , Pectin , Carbopol 971-P (CP) were bletd as a gift samples from Micro labs-Bangalorngdrboxyl
propylmethyl cellulose (HPMC K4M) (Colorcon AsiadltGoa) and Polyvinylpyrrolidone ( PVP- K30) (Sanof
aventis Itd Goa) were obtained as a gift samplthylEellulose (EC) (Loba Chemie Pvt. Ltd.), magoesstearate
(Himedia laboratories Pvt Itd. Mumbai) andAllothhreagents and chemicals used were of analyticakgrad

Preparation of buccal tablets*

Mucoadhesive buccal tablets containing nifedipireee prepared by a direct compression method usiogsteps.
Various batches were prepared by varying the mafti®ectin and Carbopal,HPMC ,Pvpk30 to identify thest
effective formulation. The mucoadhesive drug polymméxture was prepared by homogeneously mixingdhaey
with Pectin,CP, HPMC,PVP,Ethyl Cellulose in a pagkfor 15 minutes as shown in Table 1. The mixfufé mg
was then compressed using a 12 mm diameter die smgle stroke multistation tablet machine (Cadmech
Ahmedabad, India). The upper punch was raised fendacking layer of EC and magnesium sterate waaegion
the above compact the two layers were then comguieisgo a mucoadhesive bilayer tablet. Each tablghed
170 mg with a thickness of 1.5 to 1.6 mm.

Methodology

Preformulation studies’

IR Spectral Study

I.R spectroscopgan be used to investigate and predict any physioatal interaction between different excipients.
I.R spectra matching approach was used for detecfi@my possible chemical interaction between thegslrand
polymer. A physical mixture of drug, polymer arther excipients were prepared and mixed with slétghantity

of potassium bromide. This mixture was compresseidrim a transparent pellet using a hydraulic pegsk5 tons
pressure. It was scanned from 4000 to 400 cm-1HTIR spectrophotometer (FTIR 8400 S, Shimadzug TR
spectrum of the physical mixture was compared witise of pure drug and polymer and peak matchirgydeae
to detect any appearance or disappearance of peaks.

Differential scanning calorimetry

DSC is a thermo analytical technique in which tliffecence in the amount of heat required to inceettse
temperature of a sample and reference are meaasradunction of temperature Whether more or lesg must
flow to the sample depends on whether the prosesgadthermic or endothermic. For example, as a saimple
melts to a liquid it will require more heat flowirig the sample to increase its temperature atdheegate as the
reference. This is due to the absorption of heahbysample as it undergoes the endothermic phassition from
solid to liquid. Likewise, as the sample undergeesthermic processes (such as crystallization)Hess is required
to raise the sample temperature.By observing tifilerdihce in heat flow between the sample and refeae
differential scanning calorimeters are able to meaghe amount of heat absorbed or released dwirop
transitions.

Evaluation of bi-layered tablet$"’

Weight variation:

Collect 10 tablets from each formulation of varycancentration of natural polymer. Weigh the tablatividually
from all the selected formulations; calculate therage weight and comparing the individual tabletghts to the
average

Thickness:
Collect 5 tablets from each batch of formulatiord dhe thickness of the tablets were measured \ighhielp of
vernier caliper. The average thickness is calcdlate

Friability

Friability of the tablets was determined by usingcRe friabilator. From each batch, 10 tablets weeighed
accurately which was W1 then placed in the friadbilaand rotated at 25 rpm for 4 min. After compigtithe
rotation weight of tablets were weighed which is.\WWBe percentage friability was determined.
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Hardness
Monsanto hardness tester was used for this purpteehardness of five tablets in each batch wasuned and the
average hardness was calculated.

Swelling study

Buccal tablets were weighed individually (W1) ardged separately in 2% agar gel plates with the &eing the
gel surface and incubated at 37 +°@1 The tablet was removed from the petri-dish axeess surface water was
removed carefully using filter paper. The swollabléet was then reweighed (W2), and the swellingin¢5I) or
percent hydration.

% of hydration = (W2-W1) X 100/ W2
Where
W1- initial weight of tablet
W2- weight of disks at time t

Surface pH study:

The surface pH of the buccal tablets was determimedder to investigate the possibility of anyeseffects in vivo.

As an acidic or alkaline pH may cause irritatiorthe buccal mucosa, it was determined to keepuhface pH as
close to neutral as possible. The method adoptdBoltgnberg et alvas used to determine the surface pH of the
tablet. A combined glass electrode was used far poirpose. The tablet was allowed to swell by kegpi in
contact with 1 ml of distilled water (pH 6.5 £ 0)Ofor 2 hours at room temperature. The pH was nredshy
bringing the electrode in contact with the surfatéhe tablet and allowing it to equilibrate forinute.

Content uniformity

Drug content uniformity was determined by dissodvihe tablets in ethanol and filtering with whattnfédter paper
(0.45 nm). The filtrate was evaporated and the desgdue dissolved in 100 ml phosphate buffer p#d Bhe 5 ml
solution was then diluted with phosphate buffer @8 up to 20 ml, filtered through whattman filtemper, and
analyzed at 234 nm using a UV Double beam speottopteter (Shimadzu 2501 PC, Japan.). The experiment
were performed in triplicate, and average valupsnted.

_ Fig no.1: Modified Physical balance

Ex -vivo mucoadhesive strength

Bioadhesive strength of the buccal tablets was uredson modified physical balance used for deteimmgithe ex
vivo mucoadhesive strength of prepared buccal tableresh sheep buccal mucosa was obtained froota |
slaughterhouse. The mucosal membrane was sepagsatechoving underlying fat and loose tissues. Tleenforane
was washed with distilled water and then with ptage buffer pH 6.8 at 3712C. Sheep buccal mucosa was tied to
the glass petri dish, which was filled with phosgghluffer so that it just touched the mucosal serfad’he buccal
tablet was stuck to the lower side of a thread wijthnoacrylate adhesive. The two sides of the belavere made
equal by keeping a 5 g weight on the right hand p&ext, weight of 5 g was removed from the rightithgpan,
which lowered the pan along with the tablet over ithucosa. The balance was kept in this positio® flor contact
time. Then weight was added slowly to the rightchpan until the tablet detached from the mucosdhsa.
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In- vitro dissolution studies’

Thein vitro dissolution was carried out by using Tablets Digsoh Tester (USP-II). The tablet is placed sudit th
core faced to the dissolution medium (900 ml of Bl#sphate buffer). Dissolution medium temperatveas
maintained at 37 + 5°C and stirring at 50 rpm. Aguot of the sample was periodically with drawrsaitable time
intervals and the volume was replaced with freslssalution medium. The samples were analyzed
spectrophotometrically at 234nm.

Release kinetics

In-vitro dissolution has been recognized as an maob element in drug development. Under certaimdi@ns it

can be used as a surrogate for the assessmenbearfubialence. Several theories/kinetic models daesalirug

dissolution from immediate and modified releaseagesforms. There are several models to representliing

dissolution profiles wherdt is the function oft (time) related to the amount of drug dissolved frone

pharmaceutical dosage system. In order to eluciotée and mechanism of drug release,itheitro data was
transformed and interpreted at graphical interfamestructed using various kinetic models. The zeder release
Eq. (1) describes the drug dissolution of sevenaés of modified release pharmaceutical dosagedoas in the
case of transdermal systems, matrix tablets withdoluble drugs, coated forms, osmotic systems wettere the
drug release is independent of concentration.

Qt =Qo + Kot (1)
Where,Qt is the amount of drug released in timQo is the initial amount of the drug in the solutiamd&o is the
zero order release constant The first order Eq.d@&jcribes the release from the system where eeleas
concentration dependent e.g.pharmaceutical doseges fcontaining water soluble drugs in porous roesi

log Qt = log Qo + K11/2.303 (2)

WhereQt is the amount of drug released in tim€ is the initial amount of drug in the solution ads the firsts
order release constant. Higuchi described thesele&drug from insoluble matrix as a square rddinoe

Table No 1 Composition of Formulations of Mucoadhége Buccal Tablets

DRUG RESERVOIR DRUG FREE BACKING LAYER
Formula code | Drug(mg) | Pectin | CP-934 | HPMC K4M | PVPK30 | EC Mg.Sterarate
D1 20 35 40 25 20 20| 10
D2 20 60 20 25 15 20| 10
D3 20 35 30 40 15 20| 10
D4 20 60 20 25 15 20| 10
D5 20 40 40 25 15 20| 10
D6 20 60 20 25 15 20| 10
D7 20 35 30 40 15 20 10
D8 20 60 25 20 15 20 10

HPMCK4M- Hydroxyl propyl methyl cellulose, CP-97 €arbopol-971p,
PVPK30 - Polyvinyl pyrolidine, EC — Ethyl cellulgglg.Sterate-Magnesium stearate

Table No 2 Evaluation parameters of Nifedipine bucal tablets from D1-D8

Thickness Hardness % Dru Mucoadhesive
Batch Code (mm) (kg/cm2) Conter?t Surface pH Strength (g)
D1 2.34+0.128| 4.2+0.447 99.3+1.31| 7.0+0.10 11.72+0.8
D2 3.36 £0.203| 5.4+0.548| 98.9+1.52| 7.2+0.23 12.19+0.6
D3 3.40 +0.057| 3.8+0.447| 96.8+1.31| 7.3+0.10 14.09 + 0.6
D4 3.39+0.06 | 46+054 | 95.1+1.4(| 7.1+0.1: 150+1.!
D5 3.50+0.147| 5.4+0.548| 94.8+1.45| 6.9+0.10 1850+ 1.7
D6 3.35+0.106| 5.6 +0.548| 92.3+1.00| 7.4+0.05 17.50+ 0.7
D7 2.95+0.158| 4.8+ 0.257 94.3+0.6 7.2+ 0.2b 17.604
D8 2.750% 0.7 4.6+ 0.7 97.50+ 0. 7.0+ 0.7 17.504 0
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Qt = KH \t (3)
Where,Qt is the amount of drug released in titn&H is Higuchi’'s dissolution constarithe following plots were
made: cumulative % drug release vs. time (zerordkiheetic model); logcumulative of % drug remaining vs. time
(first order kinetic model); cumulative % drug r@e vs. square root of time (higuchi model)19,20.

Table No 3

Drug release Kinetic!

Fg&ﬂa Zero order First order Higuchi Peppa's

KO r K1 r R n R

D1 8.3036 | 0.99079| 0.4429 | 0.732653| 0.9804 | 0.66007| 0.99994
D2 8.17987| 0.99571| 0.369 | 0.856278| 0.98607 | 0.76813| 0.99652
D3 9.44584| 0.99561| 0.1635 | 0.747604| 0.98609| 0.8558 | 0.9998

D4 9.67705| 0.99746| 0.21105| 0.855399| 0.98477| 0.85626| 0.99693

D5 10.323 | 0.99688| 0.38107| 0.891977| 0.97015| 0.82223| 0.9971
D6 8.6549 | 0.99617| 0.31972| 0.817707| 0.96283 | 0.84842| 0.99894
D7 8.954 0.994 0.3521 0.7671 0.9701 0.85[12 0.9941
D8 8.523 0.9905 0.4123 0.8124 0.9881 0.8621 0.9971

KO- Zero order rate constant K1- First order ratenstant
r — Coefficient of Correlation n- diffusional expert

RESULTS AND DISCUSSION

Drug polymer compatibility studies usingFTIR and DSC

FTIR studies revealed that the characteristic dlasare bands of various functional groups of . Nfed were
found in the vicinity of standard absorbance rafigig 2). Hence the FTIR studies indicated that éhems no
interaction between drugs and polymers under stiBC studies revealed that the drug exhibit shaetimg
endotherm at 175.7°C and thermograms of the pHysibdure of Nifedipine with polymers exhibited ekermic
peak in the vicinity of its melting point range icates absence of any drug-polymer interactiong Tl

Figure No 2: FTIR Spectrum of Nifedipne
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Figure No 3: FTIR Spectrum of Nifedipne+Carbopol
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Figure No 6: FTIR Spectrum of Nifedipne+Pvp
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Figure No 7: DSC Studies on Nifedipine

DSC AmWimg)
54+ exo .
L
a .
s “©
1
od—
=14
-2
-3
4
S0 100 150 200 To?ri?ermufe 2 350 400 450 SO0

Physical properties of Bilayer tablets

The blend of ingredients was analyzed for physateracteristics. The angle of repose of formulabtends D1
toD6 were in the range of 30°59' + 1.464 to 31%20.103. The bulk density, tapped density, Comdex were
found in the range of 0.433 to 0.317 gm/cc, 0.3220m/cc, and 16.66 — 14.28 respectively. It revdzs all the
formulation blends were having good flow charast&s and flow rates. All the formulations pass thst for
weight variation as per the IP standard + 7.5 %at@mn. Percentage of drug content for all formiolas F1 to F6
was in the range of 99.3-92.3%. Thickness of FE@oformulations was found to be 3.50 to 2.34 + 8.12m.
Hardness of all formulations F1-F6 was found t&®le+ 0.447 to 3.8 + 0.447 kg/sg.cm.

Surface pH determination:
Surface pH of bilayered tablets was found to béeétween 7.4 to 6.9 the investigated results inditdhat the
developed buccal tablets will not cause any iidtato mucosal surface.
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Figure No 8: DSC Studies on Nifedipine+tHPMCK4M
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Figure No 9: DSC Studies on Nifedipine+Pvpk30
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Swelling Studies:

The bioadhesion and drug release profile are deggngpon swelling behavior of the tablets.Swellindex was
calculated with respect to time. The Swelling indeas for all formulations D1 toD6 (After 4 hoursere in the
range 38.06 to 72.71%.

In-vitro mucoadhesion studies:

The in-vitro mucoadhesive strength study was peréat by using specially modified physical balanceneasure
the force (N) required to detach the tablet. Theeatbn was mainly affected by the concentratiomotoadhesive
polymer. The results were shown in the table 2llnhe formulations, as the polymer concentratimreased, the
mucoadhesive strength increased. The higher bisaghstrength of the Pectin may be due to the ftoneof
secondary bonds with mucin and entanglement aeddebetration of polymeric chain with mucin.

Invitro drug release studies:

Thein-vitro drug release were carried out by using the USP liypating paddle method by little modificatiof o
tablet attaching to glass slide. The dissolutiomion® on contact with hydrophilic polymer matrix drally begins
to hydrate from the periphery to wards the cerfoeming a gelatinous swollen mass, which contrbks diffusion
of drug molecules through the polymeric materidabithe dissolution medium. The hydrated gel layeckiness
determines the diffusional path length of the drieglease of drug from the buccal mucoadhesive whteied
according to the concentration of matrix-formipglymer. The drug release was governed by amountnafrix
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forming polymers. The most important factaffecting the rate of release from buccal tablstshie drug and
polymer ratio. As increase in the polyngamcentration increases the viscosity of the gelelkas the formation of
gel layer with longer diffusiongdath. This could cause a decrease in the effedtfigsion co-efficient of drug and
therefore reduction idrug release rate

Figure No 10: DSC Studies on Nifedipine+Pectin
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Figure No 11: DSC Studies on Nifedipine+Carbopol
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Release kinetics

In order to elucidate mode and mechanism of drlgase, thdn-vitro data was transformed and interpreted at
graphical interface constructed using various kinehodels. Thein vitro release data obtained for buccal
formulations, in phosphate buffer pH 6.8, was ditteto various kinetic models.

Release mechanismBy incorporating the release data in Korsmeyer-Repequation, the mechanism of the drug
release can be indicated according the value e&sel exponent ‘n’ Peppa’s plot for buccal tablets.
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Fig No 12 Comparative Invitro Drug Release Profildor D1-D8 Formulations
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CONCLUSION

This study has demonstrated that direct compregsidmique was suitable for producing bilayeredcaltablets.
Nifedipine can be successfully penetrated throinghkiuccal membrane. The formulated Nifedipine blutataets
showed a significant increase in oral bioavail&pilHigher bioavailability would be due to avoidanaf first-pass
hepatic metabolism by intestinal lymphatic transpahich circumvents the liver. The dose of Nifédi buccal
tablets needs to be decreased in accordance wgthaised bioavailability, to minimize its dose rethtadverse
effects.
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