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ABSTRACT

Context: Various targeted and modified drug delivery systems have been developed to overcome the challenges for
BCS Class 1V drug and to obtain a promising drug delivery system. Objective: The present work is aimed to
enhance the permeability and solubility of furosemide, an antihypertensive drug by using bile salt as permeation
enhancer as well as by formation of cyclodextrin inclusion complex with g- cyclodextin. Method: Furosemide
multi pol ymericbuccoadhesive bilayer films for systemic delivery of furosemide were prepared using solvent casting
method. The multipolymeric film contained Chitosan (CH), polyvinyl pyrollidone (PVP) K30, glycerol, sodium
glycocholate (SGC) and inclusion complex. A 2° full factorial design was employed to study the effect of
independent variables like concentration of CH (x;) and SGC (x,), which significantly influenced permeability of
drug. Seady state flux (Jss) was chosen as dependent variable. Result: It was found that the film having higher
concentration of CH and SGC (P,) showed high values for Jss. Incorporation of inclusion complex further increased
the solubility of furosemide. Conclusion: The present approach for permeation and solubility enhancement using
transbuccal route can be further explored for systemic delivery of BCS Class IV drugs.

Keywords: Mucoadhesive Bilayer film, Chitosan, Sodium glgholate, Buccal drug delivery, Steady state flux
(Js9), Furosemide, PVP K30, Hydroxypropddeyclodextrin, Permeation enhancement

INTRODUCTION

BCS classification as originated by Dr. Gordon Imi8lon faces a major challenge of development of dielivery
system and achieving a target release profile fGiSBClass IV drugs [1]Since aqueous solubility and slow
dissolution rate ofBCS Class IV drugs is a majoaliémge in the drug development and delivery preess
improving aqueous solubility and slow dissoluticavé been investigated extensively [2]. The othedlehge for
formulation scientists is the permeability aspdairoig belonging to Class IV. Attempts have beemeni® enhance
the permeability of drugs by physical and chemioalns. Among the latter two, approaches chemicahgegion
enhancers provide a good opportunity to enhancpahmeation of such drugs.

Furosemide is a loop diuretic agent that is usedlyoin the treatment of edematous states assalcisitd cardiac,
renal, and hepatic failure and the treatment ofehigmsion. It is a model Class IV drug[3].It is amapletely
absorbed after oral administration to healthy sttbjeand also in patients with various diseasedfi]healthy
patients, the bioavailability is approximately 5(J%. Different ways have been studied so far toade the
bioavailability of furosemide by employing novelppaches of drug delivery. Attempts have been nbadecrease
the solubility of furosemide by complexation witlictodextrin[6, 7] and by formulating solid dispensg[8-10].
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Similarly FurosemideCalcium-pectinate microcapswéth self-micro emulsifying core to enhance théubdity
and permeability have been prepared [11]. Transdledelivery systems and matrix granules for furaskenhave
been developed [12-15].Buccal drug delivery foteysc delivery of furosemide has not been studieddte.

Oral mucosal drug delivery is an alternate mettardsiystemic delivery of drugs and it offers severdvantages
over both injectable and eternal methods. It alsoaaces drug bioavailability because the mucosdhses are
usually rich in blood supply and avoids first pametabolism [16, 17]. Severalbuccal formulation hédneen
developed to enhance systemic delivery.[18]Buccalivesive formulations include buccal tablet, buéibas,
buccal wafers, buccal patches, buccal gels anddligteparations for local and systemic deliverydadigs. Buccal
patches and films have been formulated for druge liidocaine, miconazole, acyclovir, clotrimazole ,
sumatriptanetc for either local or systemic delMdi7]

The present work is aimed to develop a buccoadeediug delivery for furosemide with aim to enharbe
permeability and solubility. An attempt has beerdmby way of enhancement of dissolution and peritigadnd
also by avoiding first pass metabolism.

Multipolymericbuccoadhesive bilayer films with ngrermeable backing layer and a mucoadhesive layer fo
systemic delivery furosemide via transbuccal romége prepared. Drug was incorporated in the filnfras drug
and also in the form of inclusion complex with hyelypropyl$-cyclodextrin[19-21]. Chemical permeation
enhancer, sodium glycocholate was incorporatechénformulation to enhance the permeability of dimgugh
ovine buccal mucosa. Chitosan a natural, mucoadhesid biodegradable polymer with film forming peojes is
used as base matrix and hydrophilic polymer PVP a6 incorporated in the formulation to modify tieéease of
drug from the base polymer matrix [22]. Glycerinasmsed as a plasticizer. The films were formdlatesolvent
casting method. The films were evaluated for petimeatudy through ovine buccal mucosa.

Chitosan was selected as a base matrix for bucesaghfilm as suggested by Bonferroni et al [23jit@5an is a
biodegradable, natural polymer, non toxic and mdbeaive, biocompatible and cationic polymer. Vasiou
researchers have worked on mucoadhesive system3 cisitosan as a polymer. It is used for the foatioh of
mucoadhesive tablets, patches, films and gelsdocd use [24]. Also, chitosan has permeation etihgrproperty
depending on the degree of deacetylation and mialemass. The penetration enhancement effect tdsdm is due
to prolonged mucoadhesion properties and abilityopen tight junctions complexes of the mucosa [23]e
enhancement effect of chitosan in gel form for ormicosa was investigated with transforming grovebtdrfl
TGB-B. It showed marked permeation enhancing effectuarcdél mucosa [25]. Chitosan has excellent gel fogmi
and film forming properties; so it is a good carmd@&for mucoadhesive polymer.

Nowadays, researchers use a blend of polymershanee the mucoadhesion properties and also mdubfyltug
release. Over hydration of chitosan may lead fapsliy mucilage. So, to avoid mucoadhesion failtieiopolymers
are added to the films [26]. The other polymer used PVP K30 (polyvinyl pyrollidone K30). It wascorporated
in the system to modify the release of drug froem Iblase matrix. PVP K30 being a hydrophillic polyriteran be
hypothetized that it would produce pores in theriattructure and thus promote the diffusion of glftom the
matrix. Various scientists have used PVP K30 asug telease modifying polymer for buccal films gratches [22,
27-29]

Permeation enhancers are used to modify drug péione&/arious classes of chemical permeation enér@nare
used like bile salts, terpenes, chitosan, cyclaitext surfactants, medium chain fatty acids, azetwe But the
criterion for selection of permeation enhancer Veast toxic to the buccal mucosa, which have réviersype of
effect on mucosa and which have GRAS status. Oall permeation enhancers, bile salts have legstedin buccal
mucosa and most widely used and mucosal damagedayshem is reversible [30]. Bile salts are irigeged for
transbuccal delivery of morphine sulphate, fluarssithiocyanate, triamcinolone acetanolide, insafid calcitonin
[30]. Sodium glycocholate was selected as a peioreahhancer as it has been explored as permeatteencer for
delivery of morphine sulphate[S31], acyclovir [3Ethyl cellulose has been used as backing layensitely [29].

MATERIALS AND METHODS

Furosemide was obtained as a gift sample from $akedntis, Ankleshwar, Gujarat, India. Chitosan (CH
Polyvinyl pyrollidone K30 (PVP K30), Sodium Glycadlate (SGC), Ethyl cellulose (EC) and Hydroxypregy!
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cyclodextrin (HPB-CD) were purchased from HiMedia Laboratories Rud, Mumbai, India. All other chemicals,
excipients and solvents used were of analyticalgra

Solubility study (Phase solubility study)

Phase solubility study was performed accordinght method described by Higuchi and Connors [33-3&h
excess amount of furosemide (50 mg) was addednrd ®f aqueous HB-CD solution in concentration ranging
from 0 to 0.05 mM. The suspension was shaken apS0at 25 + 2 C for 24 hours until equilibrium was achieved.
The samples were filtered through 0.22 um filtemtheane in a vacuum filter and drug concentratiortheé filtrate
were detected at 229 nm wavelength in a UV spebbimmeter. The apparent stability constagiuas calculated
from phase solubility diagram using the followirguation (1):

Ks= Slope/(§ x( 1-Slope)) )
Where, $ = the solubility of furosemide in water. (Intertep

The solubilization efficiency of cyclodextrin is @nportant aspect for determining the amount ofagextrin to be
used in the pharmaceutical formulation. It can btenined as the slope of the phase solubilityilerafr as the
ratio of complex to free cyclodextrin concentratif®T]. The complexation efficiency (CE) was calcdath using
equation[38, 39CE= Slope/(1-Slope)

Preparation of inclusion complexby Co-precipitation method

The complex of furosemide HRCD were prepared by co-precipitation method witigh$ modification as
described byFarcas et al [40]. The complex wasgyezbin molar ratio of 1: 1.5, drug: HPED. HP$-CD was
dissolved in 50 ml of distilled water on a magnsticrer with heater. Furosemide (330 mg) was dgsbin 5 ml of
acetone. The HB-CD solution was heated up to 7€ and furosemide solution was added drop by dodp The
mixture was stirred till precipitate appeared i tholution. The precipitates were filtered, andedrat room
temperature.

Evaluation of Furosemide HP$- CD complex

Differential scanning calorimetry

Differential scanning calorimetry (DSC) thermogramis solid product were recorded on a DSC instrument
Accurately weighed samples (2-5 mg) were placeithénpan and scanned at a heating rate &f@@ minute over
temperature range of 25C to 300° C with a nitrogen purge 20ml/ minute and an enyey was used as a
reference. [7, 38]

Fourier transformed infrared spectroscopic studies

Fourier transformed infrared (FTIR) spectra of #odid product were recorded on FTIR spectrophoteméihe
samples were prepared by using the potassium beodigk method and scanned for transmittance imahge of
4000 to 400 cr.

X- Ray powder diffractometry

X- Ray powder diffractometry (XRD) patterns weretaibed at room temperature (25 +°ZC) using X- ray
diffractometer. The measurement conditions wergedor @ (2 theta) from %to 60°. LynxEyeDetector was used
and X- ray generator voltage was kept 30 kV andetuirl0 mA. The step size was set as 0.02 andsgad was
set as 0.1 second. The XRD patterns of furosemidg, ¢HPB-CD, physical mixture of drug and HRED; as well
as inclusion complex were compared[7].

In vitro dissolution study of complex

In vitro dissolution was done using USP dissoluapparatus Type Il at 50 rpm, to know the effeatamhplexation
on solubility of drug. Thus three different powde@ntaining free drug, its stoichiometric physiaaikture with

HPB-CD (1:1.5) and their inclusion complex were tak€hey were placed in the jar containing 900 mL kEf p4

phosphate buffer maintained at 37 @ and dissolution study was carried out for pemdd50 minutes. 5 ml
samples were withdrawn and analyzed for UV absadah 229 nm.
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Preparation of multipolymeric bilayer buccoadhesivefilms

Preparation of Mucoadhesive layer containing drug/inclusion complex

Furosemide, films were prepared using solvent mgstiethod [29, 41]. Initially required amount ofitokan was
dissolved in 0.5% v/v of acetic acid under conststitring till a clear solution was obtained. Tdstlsolution
required amount of PVP K30 was added. Glycerine agded as a plasticizer under constant stirringjuRed
amount of sodium glycocholate was dissolved in 2hwater and added to the above solution. Requiredunt of
furosemide [42, 43] was added to the solution wihtinuous stirring after dissolving in 99.6 % wethanol so as to
have 5 mg of drug per 1 énThe mucoadhesive layer was cast on the pre foetted cellulose backing layer in a
Petri dish. The film was allowed to dry overnightidemperature of 68 5° C in a tray dryer.

Preparation of Backing Layer

To prepare ethyl cellulose backing layer 300 metbfyl cellulose was dissolved in 10 ml acetone umd@stant
stirring and to that 0.5 ml of glycerine was usedagplasticizer. The solution was poured in 70-782 Retri dish.
The solvent was allowed to be evaporated at roompéeature for 4 hours.

Experimental design

A 2% factorial design was employed to study the efté@ independent variables at 2 levels. Independariables:
concentration of permeation enhancer (SGC) andesuration of chitosan and dependent variable: gtetate flux
Jss Table lindicated the actual values and coded/ transfovaéees of independent variables.

Satigtical Data Analysis

And the overall effect of chitosan (CH) and perrr@atnhancer (SGC) on the permeation of the drugstadied.
Design expeftsoftware [trial version 8.0.4 (www.statease.comjlswised to derive a polynomial equation for the
design.Y=l+ by x;+ b, x>+ b3 X; X,. Here, Yis the measured response of the dependeiable andk;, x, are the
coded levels of independent variables. The tegmx, represent the interaction terms. Hdxg by, by, bs are
regression coefficients of the respective variabdesl their interaction terms computed from the olesk
experimental values of Y.

Each batch was evaluated for permeation enhanceamehthe steady state flux was calculated. Theystabs
carried out in triplicate (n= 3). The data was smedl by Design expéttsoftware version 8.0.4. The effect of
independent variables on the dependent variabke, Berady state fluxdwas evaluated by using 1 way ANOVA
(analysis of variance). Statistical differenceddii|ey p< 0.05 were considered significant.

Next the optimized batch obtained from the aboyeeérental design was compared with the same fatioul of
film containing furosemide in the form of inclusimomplex with HPB-CD. Each formulation was prepared as
shown inTable 1.

Validation of the model
An optimal s value was predicted from the model for a formolativith chitosan concentration of 70 % and
permeation enhancer, SGC concentration of 3%. éhbats prepared from it and the response was nmeghsur

Evaluation of the multipolymeric bilayer buccoadhesve films

Physical Characterization of prepared patches

» Weight and Thickness of the patch

The 1cni patches were weighed on a Digital Analytical Bakand the thickness of the patch was measured usin
Digital Vernier Caliper; an average thickness amiight of 3 films was determined.

» Folding Endurance

Films of 1cni were cut and folding endurance was determinedepgatedly folding film at the same place till it
broke. The number of times , the film could be &uldat the same place without breaking gave theevaildolding
endurance.[22]

In- vitro Permeation Sudy

» Preparation of Mucosal Tissue

In vitro permeation study was done using ovine Buotucosa (sheepyis aeries) [27]. The ovine buccal mucosa
were obtained from animals sacrificed at the Iatalighterhouse and were transported to the labgrataésotonic
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phosphate buffer, pH 7.4. The buccal mucosa wasfudr removed from the underlying muscle and cative
tissue with scissors.

» Permeation study

Prepared furosemide bilayer films were subjectegdomeation measurement by using ovine cheek muaesa
substrate using Franz diffusion cell. A mucosa mmmé that can cover an area above 2.54 was cut and
supported on dialysis membranes, which was apptiedthe receptor chamber of a Franz diffusion cell.
Buccoadhesive bilayer film was applied on the magcds such a way that the mucoadhesive layer fatlieg
mucosal surface. 1 ml of simulated salivary flug 6.2 [44] was filled in the donor chamber andtasic
phosphate buffer pH 7.4 was used in the receptambler. At regular time interval of 15, 30, 45, 60,and 120
minutes and then every hour up to 8 hours 200 pbpmawas withdrawn from the receptor chamber apthoed

by isotonic phosphate buffer pH 7.4. The samplegwesayed by the UV spectrophotometer at 229 nm.

Calculation of Steady State FluxdJ
The amount of drug present in the receptor compartrwas determined and plotted as a function oé.tifrhe
permeability coefficients (P) were calculated frtra linear part of the curves as follows[45]:

P= (dQ/dt)/(A xCd)

)
Where, A= the surface area of diffusion = 1°caQ/dt =J= steady state flux = amount of drug merted per unit
time at steady state, and Cd = drug concentratidhd donor solution. Here, as furosemide is adi@drug, having
pKa value of 3.8 it remains in ionized form in thel 7.4. So, transport of furosemide is assumedetovia
paracellular path and so the steady state flup&oacellular path is consideregd,3J P * Cd [45].

» Enhancement ratio
The permeability of furosemide in presence of swdilycocholate was evaluated by enhancement ratiovas
calculated as [32]:

Enhancement ratio=sBdPrur (3

Where, Rsc = Permeability coefficient in presence of SGC &gk = Permeability coefficient in absence of any
permeation enhancer.

Swelling Index and Surface pH

The Bilayered films were weighed (Wand placed separately in a Petri dish contai@ignl of simulated salivary
fluid (SSF) [1.632 gm KEPQO,, 2.34 gm of NaCl and 0.1257 gm of Ca@issolved in 1 litre of distilled water
adjusted up to pH 6.2 with 0.2 M NaOH solution [44]he dishes were stored at room temperaturer Afté5, 30.

45, 60 and 120 minutes time interval, the films evegmoved and the excess water on their surfaceemasved
using filter paper. The swollen patches were themnghed (W) and percentage swelling was calculated by the
following formula,

Swelling index= [(W-W.)/W,] %100 (4)
The films used for determination of swelling inde&re used to determine surface pH by using pH pddér

Mechanical Properties

The mechanical properties were calculated usirexiate analyzer using method similar to describeibora et al
[46]. Film strips of dimension 3 cm x 1 cm were end held between two clamps positioned at distah@® mm.
The pulley was pulled by top clamp at a rate offi/min to a distance of 5 cm before returning tatstg point.
The force and elongation was measured as the filmoke. The mechanical properties were calculatedgus
following equations.

The tensile strength is defined as the resistafidbeomaterial to a force tending to tear it apamtd normally
identified as the maximum stress in the stresinsttarve and it can be calculated as:

Tensile strength= (Force at Failure(gm))/(Crossiseal area of the film (mA) (5)
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The elongation at break is a measurement of tharmem deformation the film can undergo before ten@part
and is calculated as:
Elongation at break= (increase in length(mm))/@hifilm length(mm)) %100 (6)

In vitro Mucoadhesive Sudies

» Mucoadhesive Time

The ex-vivo mucoadhesion time was determined bythod adopted by Hassan et al. with slight modifice[22,
43]. Study was done by applying the bilayer filnmsioert support like glass slide over freshly isethovine buccal
mucosa fixed on slide by tieing it firmly with arfad. The bilayer film was stuck with the mucosapplying little
force with the thumb and this assembly was dippetidO ml of SSF (simulated salivary fluid) pH 624 beaker
kept on the magnetic stirrer. The assembly was t@aied at 37 + %C and kept at 50 rpm of stirring rate. The film
adhesion was observed for 12 hours and the timen e film detached from mucosal surface was resmbras
mucoadhesion time.

» Mucoadhesive Strength

The determination of the mucoadhesive strengthevaliated by using texture analyzer using the ntetiescribed
by Mura et al [46] . These thin films were cut @u®.25 cr. A piece of sheep mucosa was fixed to a suppbwe. T
film was fixed to the upper support and wetted gitihhulated salivary fluid (pH 6.2) 50 pL. The upgepport was
lowered at speed of Imm/ min to contact with tiseué at a force of 1 N for a contact time of 3®ads. It was
then withdrawn at a rate of 1 mm/min upto a distaat5 mm. The force needed for detaching the filom the
tissue was used to evaluate the bioadhesive strefigie films.

Invitro drug release studies

The in vitro drug release study was carried ouhgistranz diffusion cell [47, 48]. The diffusion aref Franz
diffusion cell was 2.54 cfrand the volume of the receptor chamber was 23 h&.in vitro drug release was carried
out in isotonic physiological buffer pH 7.4. Furosde free drug or as inclusion complex containingdmadhesive
films were applied to previously hydrated dialysiembrane (molecular weight 12-16 kDa) clamped betwa/o
chambers of diffusion cell. The membrane was wetti#k 0.1 ml of SSF and the donor chamber was @ul/&rith
aluminum foil to avoid evaporation of fluid. Theceptor chamber medium (isotonic physiological bufiel 7.4)
was continuously stirred at 600 rpm using magrtticer. The cells were maintained at a temperafi@7+2°C.

At set of time intervals, 0.2 ml of samples werehdiawn and replaced by same medium. The amoudtugf
present was determined by measuring the absorldiszenple at 229 nm by UV spectrophotometer.

Kinetics of drug release
The kinetics of drug release was determined bingjitthe best fit of the dissolution data to distinodels [49].

RESULTS

Evaluation of Inclusion Complex

The phase solubility diagram for furosemide/ pHED is represented ifrigure 1.The increase in solubility of
furosemide occurred as a linear function of BiED concentration, corresponding tq &pe profile defined by
Higuchi and Connors [36, 50]. The apparent stabititnstant & and complexation efficiency CE at@5were
calculated from the parameters of solubility diagrd he apparent stability constant Was calculated to be 130.01
M™and CE 0.1574.

The DSC thermograms of furosemidtR-$-CD, their physical mixture as well as their in¢tus complex (1: 1.5)
prepared by co precipitation method are sh&igure 2(A)&2(B)). Furosemide exhibits a sharp exothermic peak at
222.5PC and the endothermic peak is at 288.8TIR spectra of furosemid&{P8-CD, their physical mixture as
well as their inclusion complex (1: 1.5) are shawirigure 3.X-Raydiffractograms are shown kigure 4. In vitro
drug release data are presented in the graph foftaire 5 shows in vitro drug release data for furosemide,
physical mixture of furosemide with HRCD (1:1.5) and inclusion complex of furosemidenMiP$-CD (1:1.5).

It was found that after time period of 60 minutegedrug furosemide showed drug release of onlyaand
physical mixture showed around 50 % drug releaserevhs the inclusion complex of furosemide with f(H€b
showed drug release of about 85%.
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Table 1: Levels of Independent Variables for ZFacotrial Design for Optimization for Formulation

) Levels
Independent Variables Coded Value:  Actual Values (%)

Concentration of CH (%)* X1 -1 1 55 85
Concentration of SGC (%)** X, -1 1 1 5
Dependent Variable: Jse

Batch code P1 P, Ps P,
Concentration of CH (% w/w) (x) 85 85 55 55
Concentration of SGC (% w/w) (%) 1 5 1 5

**The concentration of chitosan congtitutes as % of total polymer weight = 600 mg.
**The concentration of Sodium glycocholate is taken as % of total polymer weight.

Rest all parameters of formulation wer e kept constant. Total weight of polymer = 600 mg; volume of 0.5 % acetic acid = 25 ml; volume of
glycerine= 0.5 ml; volume of ethanol= 15 ml; stirring speed of propellor stirrer= 750 rpm; diameter of petry dish= 70-72 mm

Table 2: Evaluation of multipolymeric bilayer buccoadhesive films

Thickness of ~ Thickness Folding Jss (steady Permeability = Enhancement
Batch code mucoadhesive of bilayer endurance state flux) Coefficient ratio

layer (mm) (mm) (ug/crt/hr) (cm/hr)

Py 0.373+0.01 0.440+0.01 >100 164.63+11.85 02882002 0.998

P, 0.320 +0.03 0.526 +0.04 >100 199.03 £13.79  0:H8D02 1.209

Ps 0.246 +0.01  0.650+0.04 >100 138.73+10.61 0827002 0.842

P4 0.210 £0.01  0.330+0.02 >100 143.13+10.01 96P.001 0.885

Ps 0.330+ 0.01 0.514 +0.04 >100 206.5+10.09  0.040.862 1.255

Table 3: Response: JSS - Analysis of variance foelected factorial model

Coefficient  Numerical value  p- value
bo 161.38 0.0008
by 20.45 0.0003
b, 9.70 0.0204
bs 7.50 0.0567

Regression 8625

* Model generated, Jss= bo + by X1 + by X2 + bz X% .Values of "p- value" less than 0.0500 indicate model terms are significant. In this case x;
and x, are significant model terms. Polynomial equation for the model, Jos=161.38+20.45 x;+ 9.70 X,+ 7.50 X1 X,

Table 4: In vitro dissolution profile of films containing furosemide B and furosemide- HPB-CD complex B

% Drug release

Time in hours

P> Ps
0.25 7.04 +£0.18 2.24 +0.90
0.50 12.37+0.36 4.90 £0.55
0.75 15.82+£0.22 8.24 £ 0.60
1 35.69+0.22 17.20+1.37
2 38.93+0.38 21.76 +0.10
3 42.27+0.16 28.05+0.91
4 54.75+0.16 44.51 +0.62
5 68.08+0.61 64.53+0.53
6 68.94+0.86 66.34+0.64
7 69.19+0.37 79.53+0.48
8 69.79+0.80 90.95+0.55

Table 5: Correlation coefficients for different mocels for batch B and Ps

Model R? value (furosemide) B R? value (inclusion complex) P
Zero order release model 0.8777 0.9870
First order release model 0.7063 0.7536
Hixson Crowell model 0.9132 0.9605
Higuchi’'s model 0.9450 0.9450
Korsmeyer'sPeppas model 0.9370 0.9604
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Figure 1: Phase solubility curve (Concentration ofurosemide (M) Vs Concentration ofHP-$-CD (M))
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Figure 2(A) DSC thermograph of furosemide
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Figure 2(B) Overlay DSC thermographs of a) Furosendie; b) HP-CD; c) physical mixture of furosemide: HP$-CD (1: 1.5) d)
furosemide: HP$-CD complex (1:1.5)
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Figure 3: FTIR spectra for (a) furosemide; (b) HP$-CD; (c) physical mixture of furosemide: HP$-CD (1:1.5); (d) inclusion complex
furosemide: HP$-CD (1:1.5)
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complex (1:1.5; drug: HP$-CD)
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Figure 5: In vitro drug release data for furosemide physical mixture of furosemide with HP$-CD (1:1.5) and inclusion complex of
furosemide with HP-$-CD (1:1.5)

Evaluation of multipolymeric bilayer buccoadhesiveilms

The films obtained after employing factorial design were evaluated for general agpear. Films of all batches
showed good appearance with least amount of ablbabThe batches were prepared in triplicate atdhies were
evaluated for permeation study and Jss was cadclilathe batches were also evaluated for physigeapnce and
thickness and folding endurandeable 2 shows results of thickness, folding enduranceHerbatches of factorial

design.
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Figure 7: SEM image of mucoadhesive layer of film
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In vitro permeation study
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Figure 8: Comparison of amount of drug permeated vesus time for films containing furosemide (B) and furosemide complex (B)
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Figure 9: Swelling study of batch Rand Ps

Optimization of formulation for multipolymeric bij@r buccoadhesive film was done using @ factorial design.
The response measured was(8teady state flux). The optimized batch was sete(B) on the basis of higheggd
The steady state flux4s was calculated by plotting a graph of amountmigdg) permeated per émerses time
(hours); the straight line of the graph gives usthlue of ds and Permeability coefficient [45] The resultsJef
were analyzed using Design Expert software. Theorese Jsare presented ifable 2 Figure 6 shows permeation
study results of all four batches graphically. Bmhancement ratio for both concentrations of SGE€ eedculated.
These observations depict that with the increas®intentration of SGC the permeation increases.

SEM (scanning electron microscopy) was done forfithe of best batch Pand it was found that furosemide was
evenly distributed in the matrix of the polymerds@, cavitization due to evaporation of ethanol waserved.
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There was a phase separation and precipitationugfid the matrix. Figure 7 shows SEM image of mucoadhesive
layer film.

In vitro drug release
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Figure 10: In vitro drug release profiles for films containing furosemide and furosemide-HR3-CD complex

A batch was prepared which contained the same fation of B but furosemide was incorporated in the form of
inclusion complex with HB- CD, this batch was coded as Fhe thickness and folding endurance of the films
were in acceptable range. The permeation studydeag for complex containing buccoadhesive fiim &inel
obtained value of ¢3 was compared with that of batch. Prhe value of kand permeability coefficient and
enhancement ratio for Batch, Rre given inTable 2The statistical analysis data through regressiadehis
presented iMable 3Comparison of amount of drug permeated versusfiom#ims containing furosemide (P2) and
furosemide complex (P5) is shownhkigure 8.

The swelling index of the film after a period oh6urs was recorded. After 6 hours it was obserkiatthe film due
to over hydration disintegrated to partickigure9 shows % swelling curves for two formulationg &d R.
Surface pH evaluation of films is an important stid investigate possibility of irritation to theitcal mucosa.
Acidic and alkaline pH causes irritation to the talonucosa. The surface pH was found to be inahge of 6 to 7
for both the films containing furosemide alone &msemide inclusion complex [22, 51].

The mechanical properties of films describe théitglaf film to with stand the damage during mouatttivities. The
mechanical properties of the films were evaluatsthgi Texture analyzer. Here two parameters weresuned,
tensile strength and elongation at break which veétained from load versus distance graph. BothBehesp
and Rwere found to have brittle nature. The film strédngfs not good enough. Due to less elasticity ithes fwere
broken easily. Here, the mucoadhesion time wasméied for the bilayer film. It was observed thiaé tbacking
layer detached earlier and got separated from theoedhesive layer. After a time of 90 minutes theking layer
detached in both the flmgRnd R. Also mucoadhesive time for both the batches wasad to higher enough up to
300 minutes and above.
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Figure 11(a) Contour plot
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Figure 11 (b)Response surface plot for the factoriaesign
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Mucoadhesion is considered to occur in differerdges, namely wetting, interpenetration and mechhnic
interlocking [22, 43]. The mucoadhesion is dependsn factors like hydration of polymer, contact éimvith
mucus, degree of swelling of polymer, mucous serfiased etc. The mucoadhesive strength was detatramthe
force of detachment or force of adhesion. Here,eadkeness was measured. The force of adhesivenass w
measured and it was found to be 45 gm and 66 grilfes containing furosemide {Pand inclusion complex P
respectively. Both the films do not show signifitdifference in mucoadhesive force p=0.1190 (B5).

Table 4& Table S5shows dissolution profile of films containing fuesside B and furosemide- HB-CD complex B
and Correlation coefficients for different modets batch P2 and P5respectiveligure 10 shows in vitro drug
release profile comparison for batch P2 and PSectsly.

DISCUSSION

The value of K from the phase solubility study indicates fairir@ffy of furosemide for complexation with HR-
CD. Thus, HP3-CD is a good complexing agent for furosemide[5Bbwed 11 fold increase in solubility of
furosemide with HPB-CD. The value of CE defines the number of molesdEHP$-CD which take part in the
complexation process and forms complex with thegydiine value 0.1 of CE indicates that 1 out of §dladextrin
molecules may take part in complexation with drRgsearchers have calculated CE for 28 differengsdiand
found that CE value on an average was 0.3 and ededlthat one out of four cyclodextrin moleculdetapart in
complexation with drug[37]. Here the results iradecthat more HB-CD molecules are in free form in the system
and concentration of HB-CD in complex form is less, thus indicating faffirsity of furosemide with HR3-CD for
complexation. The solubility of furosemide in wate37.25 pg/ mL thus less amount of furosemide wissolved
form in the system for inclusion complex formation.

The FTIR spectra of physical mixture shows peaksesenting presence of furosemide andf4Pb and no peaks

of interaction product, so it indicates there is interaction between drug and HWFED. In the spectra of
furosemide: HR-CD inclusion complex 1:1.5 the peaks of furosentdde to NH stretch near 3398 ¢hulue to C-
NH, have disappeared. Also, the characteristic petktPe3-CD appear in the inclusion complex spectra. These
spectral changes confirm formation of inclusion pter between furosemide and BFED.

The disappearance of the endo or exothermic p@aRSC thermographsof drugs is usually indicatiofioofation
of inclusion complex[7]. The absence of peak obfemide at 222.5C in theFigure 2(B) is strong evidence of
formation of inclusion complex.

The X-Ray diffraction pattern of furosemide exhéitsharp, highly intense and less diffused peattigating the
crystalline nature of drug, as shownhigure 4(a) However the x-ray diffraction patterns of the BHED have
amorphous structuresigure 4(b). The physical mixture of furosemide: HPED and were simply a
superimposition of each component with respedbi¢éopeaks of furosemidégure 4(c). The inclusion complexes of
furosemide with HFB-CD physical mixture (1:1.5) show undefined, brodiffuse peaks of low intensitigsigure
4(d). The inclusion complexes of furosemide with BHED prepared by co-precipitation method (1:1.5)vebh@
broad large background and the crystalline peakarosemide have diminished. The peak corresponidirits.56°
(20) in furosemide is decreased in intensity in theecaf inclusion complex and this is a proof for theémate
changes at the lattice level during interpenetratiof the two substances. This feature indicateddaimation of a
significant amount of amorphous material. The diffogram of furosemide, HRCD, their physical mixture
differs from that of inclusion complex. Similar s were found by Spamer et al. for complexatibfucosemide
with HP$-CD [7].

In vitro drug release of complex showed markeddase in drug release after complex formation. Bolsbility of
drug increases by formation of inclusion complexhwHP{$-CD. Thus solubility and hence the dissolution of
complex increases by formation of inclusion complex

Multipolymerichilayer buccoadhesive films

Polynomial equation for?full factorial design involving the main effectcainteraction factors were determined
based on estimation of statistical parameters sgchultiple correlation coefficient, adjusted nulki correlation
coefficient, and the predicted residual sum of sesiagenerated by Design-Exgeoftware. A mathematical
relationship was generated between dependent agpendent variables using the Design expert softwBie
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response polynomial coefficients were determinedriter to evaluate the response. Each responsicoadfwas
studied for its statistical significance by p- valtrhus, non-significant response coefficients wiseted, and the
significant polynomial response equation faj dvas generated. Response surface analyses plottedree-
dimensional model graph for depicting the effedtshe predetermined factors on the resporgevas generated.
The qualitative effect of each variable on the oes@ parameter could be visualized by responsacaigiot.

Reduced model generated which represents the itptevat effect of formulation parameters og {steady state
flux),

Jss =161.38+20.45¢ 9.70 % ©)
The contour plot and surface response plot of thdahare presented Figure 11(A) and 11 (B)respectively.

It shows that CH concentration and concentratio®@fC has a significant positive effect on the respods (p<
0.05). This observation depicts that increase imceatration of chitosan as well as SGC increaseskth Similar
results have been reported in prior work[53-58P}[5The enhancement effect of chitosan in gel fdomoral
mucosa was investigated with a large bioactiveigeptransforming growth factor-2 (TGF-?) and itsM@und that
chitosan has a marked permeabilizing effect on dluteicosa for peptide drug [25]. The permeatioraechment
properties of chitosan is favored because of higherosal adhesivity[23]. Permeation enhancemermepty is due
to its mechanism of opening tight junction compkered partial alteration of cytoskeleton. The gtrat properties
i.e. degree of deacetylation and molecular massrni@tes the absorption enhancing properties [28cBumucosa
is lined by non keratinized squamous epitheliumpsuied by connective tissue. The permeability learis due to
intercellular materials derived from membrane caatgranules found in both keratinized and non keirsed
epithelia. These intercellular spaces contain maélipids and glycolipids. The permeation enhanceimeffect
seems due to repacking of epithelial cells up teabanembrane and disarrangement of the desmosdrhes.
intercellular spaces between contiguous cells gathfolding contact with polymer, due to drainagdluds from
basal layers. This behaviour modifies or disrupts lipid lamella that represents the principal leasrcausing a
permeabilizing effect. Chitosan is supposed to htheesimilar effect on the lipid lamella [23]. Tipermeability
enhancing effect is also partially attributed tght@r mucoadhesion of chitosan compared to othemprks[60].

Chitosan increases permeation via other routesi.@sdransdermal, intestinal, nasal, and vadiba).56, 57, 61].

Also, the concentration of SGC has a significarfieatfon permeation enhancement agd idcreases with the
increase in concentration of SGC. Similar findinigave been reported priorly[62-66]. The effect of GG
concentration on transbuccal permeation of morpkiniphateshowed that increase in concentratioreasad of
SGC increased the permeation of morphine sulphBte[Bhe concentration effects of bile salts onnpeability of
molecules have been studied widely. In general dbvecentration of bile salts above CMC (critical eliar
concentration), is the basic mechanism of permeatithancement [31]. Also presence of sodium glyolath on
permeation of acyclovir via buccal route and fotimat it increase permeability 2 to 9 times [32].

It can be concluded that concentration of CH an€ $i@s a significant effect on the permeation entiarent. From
the polynomial equation it can be presented thatvidue of the coefficient ofyxs higher than coefficient of,x
thus chitosan concentration has higher effect 8@ concentration. The permeation study was donedimplex
containing buccoadhesive film batch &d the obtained value ofslwas compared with that of batch. Fhe
difference in the gk value of inclusion complex and free drug contajniitm was found to be significant. The p-
value for t test was 0.0117 (p< 0.05) comparedtofibatch B.

The reason for enhancement of the permeation céinebi@crease in solubility of drug by incorporatio the form
of inclusion complex. Also, cyclodextrins act agmeation enhancers for transbuccal route [30]. @fiect of
cyclodextrins on enhancement of permeability viadali route for omeprazole has been studied[30]3HEP also
increased the amount of drug permeation of Cary{&@p The mechanism of permeation enhancementiman
inclusion of membrane compounds by the cyclodes{ti®, 67].

PVP K30 aids to the process of hydration for swglibf the film. B and R batches contain 15% w/w of PVP K 30.
PVP K 30 is supposed to increase the surface vildtfabnd consequently water penetration within thetrix.
Also, film hydration properties are supposed taéase with increase in concentration of PVP K3G $tvelling
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index was found to be dependent on concentratid®# K 30 and increased at higher concentratioR\d® K30

[22, 27]. It was also observed the profile for waltgdration stops after certain time; this is besaof poor
solubility of chitosan in water thus liquid uptagips after certain limit. Similar results were riduby Rossi et al
[22, 68]. As similar results were found for bucchesive films containing drug in the form of inclosicomplex, it
can be presented that cyclodextrin do not haveg@ifiiant influence swelling study. Contrary resultave been
reported where the swelling behaviour of the fidndecreased due to presence of cyclodextrins[48].

The mechanical properties of films describe thditglnf film to with stand the damage during moudhtivities.
Here two parameters were measured, tensile stremgtielongation at break which were obtained froad lversus
distance graph. Both the formulation was found dgenbrittle nature. Due to less elasticity the §ilmere broken
easily. High strain value, moderate tensile stieragtd low elastic modulus are indicative of stran§ and elastic
film [46]. The tensile strength of films containimgug and inclusion complex had values of 0.19 @2d. g/mn.
The tensile strength is higher in the films coritagninclusion complex and the difference is sigrafit (p= 0.03).
The concentration of polymers was same in botHilims. So, this indicates some interaction of tioéymer and the
complex present in the film renders change in termioperty. The concentration of chitosan 85% \afed drug as
free form gives elongation at break of 31.2 % whasdhe films contain inclusion complex has 16.686ngation
at break is decreasing with inclusion complex ipooation. But the difference between the valueglohgation
was not significant as p= 0.1887 (p> 0.05). Thephraf load versus distance shows, increase inahgth of film
due to stretching of the film between the probles,dudden break point in the film is indicated sudden decline
of the graph. Force at break for films containingpbemide and furosemide inclusion complex wereg 38d 41 g
respectively. And increase in length for films aining furosemide and furosemide inclusion complexe, 6.64
mm and 3.31 mm respectively. The low tensile prigemay be attributed to lower concentration ofcgtin.
Similar result were reported, CMC films were stadifor tensile properties with different conceritrat of
plasticizer, glycerol and it was found that witltiease in concentration of glycerol tensile strerigcreased, but
percentage strain at break increased [69]. Stualss show that the tensile strength increases aditition of
chitosan to polymeric composition of film [26, 51]

The higher mucoadhesion time can be attributedngel volume of hydrating fluid present to hydrdte film and
also, the force applied by thumb to stick the fibmthe mucosal surface and to presence of PVP K30e matrix.
Both the films do not show significant differencemhucoadhesive force p=0.1190 (p> 0.05).

Chitosan was presented to have good mucoadhesipenties due to cationic nature which allows intéca with

mucosal surface and hence attachment [26]. Contchiitosandid not show good mucoadhesive propestielsthe
adhesion forces had very lower values. This cadugeto hydrophobic nature of chitosan, that it deesinteract
with mucosal surface in short time period, and ,als@ration of films was not adequate to show aleegss to
mucosal surface. Similar observation has been teqd6]. Also glycerin content of 5% or higher shgwod

bioadhesive properties [46]. But the amount of gyt used in the formulation was less than 2% kilistit can be
assumed that lower amount of glycerin could be rimson for less mucoadhesive properties. So, ttEhdm
containing furosemide and inclusion complex showear mucoadhesive properties.

The drug release pattern of the buccoadhesive dhiowed a sustained release pattern, for baicin® R. The

release of drug from the film showed a burst effadnitial hours and then it showed a sustainddatffor film

P,[46]. Also higher drug release can be attributedresence of hydrophillic polymer PVP K30 which anis good
swelling properties to the film. PVP K30 dissoh@eating pores in the film structure for drug téfuie but due to
higher concentration of chitosan the gelling baiigemore so, drug release is incomplete [29].

Films containing furosemide in the form of inclusicomplex with HP3-CD showed higher drug release. The burst
release pattern was not found and it showed airasdtaelease of drug. This result indicates theeases in
solubility of furosemide in the form of complex leenincrease in dissolution and thus increase innipeoved dug
release.

Similar results were observed for the release kinet atenolol and its complex and flufenamic agitlich
followed the higuchi’s model [46, 48]. It was foutitht swellable type of systems follow this typenoéchanism
where drug release is affected by rate of penetratf liquid and relaxation rate of polymeric cha[d6].
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The higuchi’s model represents two limit caseshii transport and drug release phenomenon. In thg rétease
phenomenon of the film, the drug molecules hawdiffase across unstirred aqueous layer on the mamebsurface
in the donor compartment followed by diffusion &s@emi permeable membrane to the receptor comgartirhe
observed release kinetics indicates that the dcugsa the membrane surface is a rate limiting steprerall drug
release process [38]. Also the swelling of polynmethe presence of simulated salivary fluid, theeak of swelling
depends on the type of polymer, thus it also cseateadditional diffusional pathway for the druglecales.

The complex containing film follows Zero order kiilns. Complex formation facilitated the diffusiohdrug across
the membrane and hence increased the dissolutidnugf The drug can pass through semi permeablebnae®
and also the complex as the pore size of membraisel®-14 kDa. The drug release thus increasedfaritiation
of complex of furosemide with HB-CD. There is higher concentration of furosemidailable due to increase in
solubility after complexation; hence more amountliefg diffuses out of the polymeric matrix.

Also due to good swelling properties, of the polyimdims, the drug release is facilitated. Duethe presence of
hydrophilic polymer PVP K30, the hydration of filnmgher and formation of pores and channels inntarix
structure increases the amount of drug release.

CONCLUSION

It can be concluded that the buccoadhesive filmEWR can be prepared and permeability of furosemate be
enhanced by using permeation enhancer. CH and 8@iQhest concentration enhance the permeabilijuRR via
transbuccal route. Also incorporation of drug ie form of complex increases the drug release. Shusltaneous
enhancement of solubility and permeability can &eied out by this approach. The major challengeBfeS Class
IV drug can be thus addressed. In addition to shalling time, mucoadhesive time, mucoadhesivengtteand
film properties have impact on buccoadhesive dralivery. Thus, the strategy of incorporation of mpeation
enhancer and drug inclusion complex in buccal fitms be upcoming new technology for buccal drugegy.
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