Available online @ www.scholarsresearchlibrary.com

Q\(\a(ma(‘/;s(
. < AW S
Scholars Research Library oz@ %
Scholars Research . ; :
Der Pharmacia Lettre, 2010, 2(5): 251-260 q‘i»
(http://scholarsresearchlibrary.com/archive.html) 4
Library

ISSN 0975-5071
USA CODEN: DPLEB4

Formulation and Evaluation of Buccoadhesive Films foLosartan
Potassium

Umesh. D. Shivhare *, Parag. D. Bodkhe, Kishor P.Blsari, Vijay B. Mathur

Sharad Pawar College of Pharmacy, Wanadongri, Hingna Road,
Nagpur-441 110, Maharashtra, INDIA

ABSTRACT

Buccoadhesive buccal delivery systems for losartan potassium in the form of buccal films were
developed and characterized for improving bioavailability. The films were formulated by solvent
casting method using different bioadhesive polymers like HPMC, Eudragit RS100, Eudragit
RL100 and Ethylcellulose with glycerol as plasticizer. The films were characterized on the basis
of their physical characteristics, bioadhesive performance and other parameters. In vitro studies
revealed that release rate of losartan potassiumwas higher from films containing ratio of HPMC
and Eudragit RL100 in proportion of 2:2. Drug diffusion from buccal films showed Peppas
model kinetics and release mechanism was non-fickian. All the films exhibited sufficient in vitro
bioadhesion strength. Promising formulation was further studied for temperature dependant
stability studies. The results indicated that, therapeutic level of losartan potassium can be
achieved using this buccoadhesive formulation.
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INTRODUCTION

Amongst the various routes of drug delivery, oxalte is perhaps the most preferred to the
patient and the clinician alike. However, perominaistration of drugs has disadvantages such
as hepatic first pass metabolism and enzymaticadiegion within the Gl tract, that prohibit oral
administration of certain classes of drugs espgcpdptides and proteins. Consequently, other
absorptive mucosae are considered as potentiad foredrug administration. Transmucosal
routes of drug delivery offer distinct advantagegroperoral administration for systemic drug
delivery. These advantages include possible bypifisst pass effect, avoidance of presystemic
elimination within the Gl tract, and, depending the particular drug, a better enzymatic flora
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for drug absorption [1]. Mucoadhesive drug deliveygtems are delivery systems, which utilize
property of bioadhesion of certain polymers, whietome adhesive upon hydration and hence
can be used for targeting a drug to a particulgioreof the body for extended period of time [2].
Losartan is an angiotensin Il receptor antagonigg dised mainly to treat high blood pressure
(hypertension). The main drawback of conventiomslattan potassium formulation is that it
undergoes hepatic first pass metabolism. Thus ldwma 1, is 1.5-2 h thereby decreasing its
bioavailability up to 32%. Hence an alternativeindaty system for improving the half life and
bioavailability is needed.

The present work describes such delivery systenghwhill improve the biological half life and
bioavailability of losartan potassium. Buccoadhesdiims of losartan potassium using solvent
casting technique were prepared and evaluatedffereht parameters.

MATERIALS AND METHODS

Losartan potassium was obtained as a gift sample Zim laboratories, Nagpur. Eudragit
RS100 and Eudragit RL100 were obtained from RohnariRh, Germany. HPMC and
Ethylcellulose were obtained from Loba Pvt. Ltd. ivhai. All other chemicals and reagents
used were analytical grades.

Preformulation study is one of the important prersite in development of any drug delivery
system. Hence the compatibility study of drug amdymers were carried out using DSC
analysis.

Preparation of buccal films of losartan potassium:

The buccal films of losartan potassium were prepdre solvent casting method with HPMC
alone and in combination with different copolymeemely Eudragit RL100, Eudragit RS100
and Ethyl cellulose with glycerol as plasticizemd@l films of 2 cm diameter, 0.2-0.3 mm thick
and containing 25 mg drug were punched out fromctst films using a specially fabricated
punch. The formula for various formulations atteaaphas been given in Tablel.

The HPMC was soaked in ethanol for 24 h and thértiea of chloroform and dichloromethane
in the ratio 3:1 were added to the HPMC solutioa.tfis required quantity of drug was added
which was previously dissolved in methanol. Finaiiy drops (0.06 ml) of glycerol was added
as plasticizer. This solution was mixed for aboOt rBin by using a magnetic stirrer. The
polymeric solution was poured in to a glass ringpjolv was previously placed over mercury
substrate in a petridish. The rate of evaporatiosolvent was controlled at room temperature by
inverting funnel over the petridish. After 12 hetdried patches were collected and stored in
desiccator. The other formulations were preparediggolving the Eudragit RL100, Eudragit RS
100, and Ethyl cellulose in acetone in three sapdraakers. All these solutions were added to
the alcoholic HPMC solution. Then the above proceduas adopted for the preparation of the
film containing losartan potassium.
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Table 1: Composition of Various Prepared Buccal Fihs

Formulation code F1 F2 F3 F4 F5 F6 F7
'(-r?é";‘rta” Potassium | o5 | 225 | 225 | 225 | 225 | 225 |225
HPMC E15 (mg) 600 450 300 450 300 450 | 300
Eudragit RS100 (mg) | - 150 300 - - - -
Eudragit RL 100 (mg)| - - - 150 300 - -
Ethyl cellulose (mg) - - - - - 150 300
Glycerol (ml) 0.06 0.06 0.06 0.06 0.06 0.06 |0.06

Drug incorporated in each film: 25 mg and polynrerorporated in each film: 66.66 mg

Evaluation of prepared buccal films:

Mass uniformity and Thickness:

For the mass uniformity, three films from every modation were taken and weighed
individually on electronic balance. The average ghtiwas calculated. Three films of each
formulation of different batches were selected canky and the thickness of the film was
measured at different places using screw gaugeaVémage film thickness was computed [3].

Folding endurance test:

The folding endurance of the film was determinedrégyeatedly folding one patch at the same
place till it broke. The number of times the filnoutd be folded at the same place without
breaking gave the value of the folding endurange [4

Surface pH:

The surface pH of the film was determined in ortteinvestigate the possibility of any side
effects,in vivo due to film pH.The method adopted by Bottenbetgal was used to determine
the surface pH of filmsA combined glass electrode was used for this pepBach film was
allowed to swell by keeping it in contact with 1 ofl distilled water (pH 6.5 + 0.05) for 2 h at
room temperature, and the pH was noted by brintliegelectrode into contact with the surface
of the film and allowing it to equilibrate for 1 mite. The experiment was performed in
triplicate, and average values were reported [5].

Drug Content Uniformity:

Three films of each formulation were taken in separl00 ml volumetric flask; 100 ml of pH
6.8 phosphate buffer was added and continuoustedtior 24 h. The solutions were filtered,
diluted suitably and analyzed on a UV spectrophetem The average of drug contents of three
films was taken as final reading [6].

Swelling:
The three films were tested for each formulatioriteA determination of the original film
diameter, the sample was allowed to swell on thiéase of an agar plate kept in an incubator
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(hot air incubator) maintained at 37 °C. Measurenwérthe diameter of the swollen film was
done at 1 h intervals up to 5 h. Radial swelliraswalculated from the following equation [7].

So (%) = [(Dt = Dol/Do] X 100 .ot et (1)

Where,

S (%) - The percent swelling obtained by the diametethod.
D: - The diameter of the swollen film after time t.

D, - The original patch diameter at time zero.

In —vitro bio-adhesion test:

The goat cheek pouch was carefully excised witlheemoving connective and adipose tissue and
washed with saline. The tissue was stored in salater the membrane was placed over the
surface of glass slide mounted on lower Teflon klasd secured. The block was then lowered
into a glass container, which was then filled witiosphate buffer of pH 6.8 and kept at 37£1°,
such that the buffer just reaches the surface ofosal membrane and kept it moist. One
formulation at a time was taken and stuck to theelosurface of uppefeflon block with a
standard cyanoacrylate adhesive. The beaker caomgamucosal tissue containing the lower
block was adjusted over the base of the balanc#eatothe mucosal tissue exactly below the
upper block. A preload weight of 5 g was placedvabtihe expanded cap, left for 5 min, after
which the patch binds with the mucin. The weigherevthen removed slowly and gradually
after binding the patch with mucin the weights wadgled slowly on the right side pan till the
patch separates from the mucosal surface/membrane. weights required for complete
detachment was measured and expressed as bioalsasingth in g. Procedure was repeated
for three more patches of each formulation of d&ifé batches. Average was computed and
recorded [8].

The force of adhesion (F) calculated from the binesive strength.
Force of adhesion (F) = [W X 9]/ 1000.........cciiiiiiiiiie e e (2)
Where,

F = Force of adhesion in N

W = Bioadhesive strength in g

g = Acceleration due to gravity

In vitro Residence Time:

The in vitro residence time was determined using USP disintegraapparatus. The
disintegration medium was 800 ml of pH 6.8 phosphatffer maintained at 37%2The
segments of goat cheek mucosa, each of 3 cm lewegtle, glued to the surface of a glass slab,
which was then vertically attached to the apparaililsree mucoadhesive films of each
formulation were hydrated on one surface using phate buffer pH 6.8 and the hydrated
surface was brought into contact with the mucosahbrane. The glass slab was vertically fixed
to the apparatus and allowed to move up and dowa.film was completely immersed in the
buffer solution at the lowest point and was outtte highest point. The time required for
complete erosion or detachment of the film from thecosal surface was recorded (mean of
triplicate determination) as given in Table 3 [9].
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In Vitro Buccal Permeation Study:

Thein vitro buccal permeation study of losartan potassiunutjitdhe goat buccal mucosa was
performed using a Keshary-Chien type glass diffusiell at 37° + 0.2°. Goat buccal mucosa
was obtained from a local slaughterhouse and ugéhv2 h of slaughter. Freshly obtained goat
buccal mucosa was mounted between the donor aagtoeeaccompartments. The film was placed
on the mucosa and the compartments were clampetherg The donor compartment was filled
with 1 ml of phosphate buffer (pH 6.8). The recemompartment (20-ml capacity) was filled
with phosphate buffer (pH 7.4), and the hydrodymanmin the receptor compartment were
maintained by stirring with a magnetic bead at @@.rAt predetermined time intervals, a 1-ml
sample was withdrawn and analyzed. The experimeats performed in triplicate, and average
values were reported [10].

In-Vitro Drug Release:

The US Pharmacopeia XXIII rotating paddle method waed to study drug release from the
buccal patches; 200 ml of phosphate buffer (pH &83% used as the dissolution medium, at
37°.0 £ 0.5, and a rotation speed of 50 rpm wasd.uS@ae side of the buccal patch was attached
to the glass disk with instant adhesive (cyanoateyhdhesive). The disk was put in the bottom
of the dissolution vessel. Samples (5 ml) were dvitkvn at defined intervals and replaced with
fresh medium. The samples were filtered through Wiha filter paper and analyzed. The
experiment was performed in triplicate, and averaees were reported [10].

Stability studies:

The Optimized formulation F5 was subjected to areted stability testing. The ageing studies
were conducted at 37° and 45° to investigate tfecebf temperature on the drug content in
formulation. Films were packed in glass Petri dssheed with aluminum foil and kept in an
incubator maintained at 37+0.5° and 45 +0.5° foe amonth. Changes in the appearance, drug
content of the stored bioadhesive patches weresiigated after 7, 14, 21 and 28 days [8].

RESULTS AND DISCUSSION

To assess any interaction between the drug angdlyener DSC studies were performed on a
DSC-61000 (Seiko Instruments, Japan) as showrginlfiand fig. 2. The DSC analysis of the
physical mixture of the drug and the polymers réaca negligible change in the melting point
of losartan potassium in the presence of the palymgtures under study. Thus, DSC results
suggest that the drug and polymers are compatible.
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Fig. 1: Thermograph of losartan potassium
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Fig. 2: Thermograph of physical mixture of losartanpotassium, HPMC and
Eudragit RL 100

The average weight of film from each group of folatien was reported in (Table 2) by using
three films for standard deviation. The weight attal films ranges from 90.60+0.025 mg to
92.88+0.086 mg. Results indicated that formulatitn HPMC and Eudragit RL 100having
highest mass while formulation FEIPMC and Ethyl cellulosehaving the least among the
different formulations.

The thickness (Table 2) of the films varied frorhid0.005 mm to 0.23+0.012 mm. Formulation
F5 HPMC and Eudragit RL 10(aving the highest thickness 0.23+0.012 mm becatiséb
having highest mass among all formulations.

The folding endurance (Table 2) of the films wasamweed manually and they were folded
between 205 to 305 times without breaking or cragkit shows that the films having good
strength and mechanical property for all formulatiorhe higher folding endurance was
observed in formulation containing Ethylcellulose @polymer. The high folding endurance
was observed in formulation F7 in which HPMC wasdug combination with Ethylcellulose in

2:2 ratios, which indicates that an increase inymelr concentration increased the folding
endurance.

The surface pH (Table 2) of all the films exhibitanost uniformity in their values and they
were found in betweef.21+0.020 to 6.49+0.015 indicating its compattiilvith buccal pH.

The drug conten{Table 2)was estimated in all the formulations using statdaethod. The
drug content of all the films was found to be umfowith low s.d. values, which indicates that
the drug was distributed uniformly in all the films

Any polymer with good swelling property is expectiedbe a good candidate for bioadhesive
application. When bioadhesive comes in contact &gheous medium they swell and form a
gel. The rate and extent of water uptake by a pehymas been reported to be an important factor
in determination of its relative bioadhesive sttbngiptake of water results in relaxation of
originally stretched, entangled or twisted polynclain resulting in exposure of all polymer
bioadhesive sites for bonding to occur. The fagtesr phenomenon occurs more rapidly will be
the polymers adhering to its substrate. The reshitsved that the swelling indéXable 2)of
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formulation F5 containing HPMC and Eudragit RL 18@s more than the film containing
HPMC alone and films with other copolymers. It skeohvthat the Eudragit RL 100 having more
water uptake property than the other polymers. ds wbserved that there was proportionate

increase in swelling of film as the increased inaatration of polymer.

Table 2: Physical Evaluation of Formulation F1-F7.

Mass Foldin Dru &
. . : Thickness 9 Surface 9 Swelling
Formulation | uniformity (mm * SD) endurance H Content (After 5
(mg + SD) - #sp) | P (mg) "
F1 91.75£0.32| 0.20+0.05  215+4.586.21+0.20| 24.79+0.28 20
F2 92.38+0.37| 0.20+0.07] 205%3.216.26+0.11| 24.56+0.25 25
F3 91.92+0.55| 0.21+0.01]  234+5.566.31+0.15| 24.66+0.12 35
F4 92.10£0.15| 0.22+0.05  228+4.756.21+0.11| 24.68+0.30 35
F5 91.88+0.86| 0.22+0.02 239+4.586.24+0.36| 24.77+0.25 40
F6 91.60+0.25| 0.21+0.05  286+3.516.25+0.12| 24.80+0.21 15
F7 91.92+0.87| 0.21+0.07] 305+4.5%6.39+0.15| 24.75+0.30 25

Table 3:in —vitro bioadhesive strength andn vitro residence time of buccal films of
losartan potassium.

Bioadhesive strength. Force of adhesion Residence
Formulation 9+SD) (N+S.D) (hTJ_Irrg.eD.)

5 min 10 min 5 min 10 min
F1 30.40%0.10 38.21+0.18 0.28+0.05 0.35%0.02 3.20+£0.12
F2 32.5310.15 39.30+£0.10 0.30+0.06 0.36+0.06 3.12+0.24
F3 42.80+0.050, 60.19+0.24 0.39+0.05 0.55+0.02 3.2540.3
F4 33.46+£0.042| 41.58%0.05V 0.31+0.07 0.38+0.04 3.4230.
F5 43.08+0.076| 64.23%£0.23 0.40£0.05 0.59+0.08 4.05£0.2
F6 28.51+0.066| 36.09+0.59 0.26£0.05 0.33%£0.06 3.280.4
F7 34.74+0.040| 54.07+0.25 0.31+0.01 0.49+£0.4H 3.450.1

The results for bioadhesion indicated that the diesive strengt(iTable 3) offormulation F5
containing HPMC and Eudragit RL 100 was more tlendther formulationddere we conclude
that, the HPMC base having good bioadhesion priggeirt combination witheudragit RL 100
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As the concentration oEudragit RL 100increases the bioadhesive strength was found to
increase, may be due to combination of hydroptihd hydrophobic nature which gains the

bond strength with mucosal surface. It can be $le@nincreasing the contact time for adhesion,
increased the bioadhesive force.

The values of thén vitro residence time were reported in the (Table 3).eTmequired for the
complete erosion or detachment of buccal films fritw® mucosa was found satisfactory. The
highest duration (4.05 h) was recorded for formakaF5 containing Eudragit RL 100. Films of
formulation F1 containing only HPMC; eroded comelgtin 3.20 h. This indicated that the
water soluble hydrophilic additives dissolved rdypichtroducing porosity. The void volume is
expected to occupy by the external solvent diffgsimo the film and thereby accelerating the
dissolution of the film.

Drug permeation fronmn vitro diffusion studies of formulation F1-R¥as shown in (fig 3). All
the formulation F1- F7 follows Peppas model. Thepsl of the straight line obtained after
plotting the mean cumulative amount diffused plen frs. time was taken as thevitro release
for losartan potassium. Formulation F5 has showedimum release (93.32%) in 6 h and
follows Peppas model with highest correlation deefht value (0.9990) and mechanism of
release was non-fickian mediated with lowest diinoefficient.

F1

« F2
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100 200 300 400
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Fig. 3: In-vitro diffusion study of losartan potassium from buccafilms of formulation F1-
F7

In vitro dissolution studiesvere shown in (fig 4). The study of drug releaseekcs showed that
all the formulations F1-F7 were governed by Peppadel and mechanism of drug release was
non-fickian mediated. Regression analysis ofithétro permeation curves was carried out. The
slope of the curve obtained after plotting the meamulative amount released per patch vs. time
was taken as thie vitro release for losartan potassium. All the formulagishowed release up
to 6 h. Formulation F5 showed maximum release &% while formulation F7 showed
lowest release (82.408%). Formulation F5 has higegalue and follows Peppas model rate
release and mechanism of drug release was nomficknediated with lowest diffusion
coefficient.
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Fig. 4: In-vitro drug release for formulation F1-F7.

The stability studies were conducted for the optediformulation F5 at 37° and 45° and results
revealed that no significant changes in physicahupaters of the formulations occurred at 37°.
No significant reduction in the drug content, masgormity of film over a period of one month
at 37°, but significant change was observed irdtlug content when the films kept at 45°, which
indicated that the temperature not exceeding 3%trgml to ensure the stability of the
formulation.

CONCLUSION

Among the various polymeric combinations, the carabonF5 was found to be most suitable.
The formulationF5 comprising polymers HPMC and Eudragit RL 100 i@ gatios fulfill the
requirement of good buccal film. It showed highegtelling as well as highest bioadhesive
strength. It showin vitro residence time up to 4 h. It follows vitro drug release up to 96.54 %
for 6 h andn vitro drug permeation up to 6 h.

Thus from the present study it can be concludet thaccoadhesive drug delivery system for
losartan potassium with HPMC and Eudragit RL 10Cttée ideal requirement for buccal
devices which can be good way to bypass the extertsgpatic first pass metabolism and
increase bioavailability.
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