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ABSTRACT

Venlafaxine is a serotonin norepinephrine reuptak@bitor used for treating depression. Due to esige first
pass metabolism, its oral bioavailability is aroud8%. The aim of the present study is to develap evaluate
buccoadhesive tablets of venlafaxine using natteains like olibanum and colophony as mucoadhesilease
retarding agents with an objective to bypass fizass effect, to improve the bioavailability of threig, to minimize
the dose dependent side effects as well as to iragratient compliance. Buccoadhesive tablets wespgped by
wet granulation technique and ethyl cellulose emptbas a backing laminate for the preparation afliractional

drug release of buccoadhesive tablets. The prepgradules of different batches were of good floapgrties. The
physicochemical interactions for pure drug and oytied formulation were investigated by InfraredcspEscopy
(FTIR), Differential scanning calorimetry (DSC) antiray diffraction (XRD) studies. The formulatio® kvas
found to be the optimized formulation based on ddigsolution studies. Mucoadhesive properties dfinge
employed were increased with increase in the canaon of polymer which was proved from ex-viveidence
time and detachment force measurement. The drugsel was found to be following Fickian diffusionwhs

concluded that resin based buccoadhesive tabletemiifaxine exhibiting good controlled release relateristics
and were proved as efficient mucoadhesive agents.

Keywords: Buccoadhesive drug delivery; Venlafaxine; Oliban@ojophony; Resin.

INTRODUCTION

Novel drug delivery systems like buccoadhesive diativery system present an opportunity for themfalation
scientists to overcome many challenges associatéd oral conventional dosage forms in order to eweathe
stability, bioavailability of the drug, targetindnd drugs to a particular site for an extended penb time,
maintaining the steady state plasma concentration Buccoadhesive delivery is the administrationacfive
pharmaceutical ingredients through the buccoadbesiucosa [1, 2]. The thin film of mucin that exists the
surface of oral mucosa provides an opportunitydtain the drug delivery system in contact with nmazcdor
prolonged period [3]. Buccoadhesive drug delivesyone of the promising routes for administrationdofigs
undergoing first pass metabolism thereby enhanttiagoral bioavailability of drugs. Also major adtage of this
route is certain macromolecular drugs like stergmeteins and peptides which are susceptible iticapH can be
administered by this route [4]. Buccoadhesive dielivery systems are the potential candidates dotrolled or
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sustained, targeted drug delivesgcause these drug delivery systems utilizes cemaicoadhesive resins such that
they ensures close contact with the absorbing manebupon hydration and thus optimizing the drugceotration
gradient across the biological membrane [5]. Néatliadegradable resins were often more likely used
mucoadhesive release retarding agents, even theagéral synthetic resins were available; becaus¢heif
biocompatibility, readily available, non-toxic, xpensive, can undergoes chemical modifications[&}fcin the
present study olibanum and colophony were usedwmoadhesive release retarding agents. Olibanum eo-
gum resin obtained from incised trunk of the tBeswellia serratabelonging to the family burseraceae and
colophony (rosin) is an oleo resin obtained frora thees of the pinus specid&inus palustris[7, 8]. An ideal
buccoadhesive dosage forms must have three coasates; it must retain its position inside the ntotdr a few
hours, should control the release of the drug abelase should be in unidirectional way towards badbesive
mucosg9].

Depression is one of the serious threats to thieaglburden of disease and affecting people inha@ldommunities
across the world. More than 90% of people whotkidmselves are due to depressive disorder [10]la¥exine is a
representative of a new class of antidepressaneésamder serotonin norepinephrine reuptake inhib[thl]. It acts

by selectively blocking the reuptake of certainnogt@nsmitters like serotonin and nor epinephrimthie brain. This
is similar to tricyclic antidepressants but lackaufverse effects like anticholinergic, sedative aattiovascular
effects [12]. The main limitation for therapeutifeetiveness of venlafaxine is its low oral biodaaility of around

45% and short biological half life of 5hrs, necdesgaits frequent administration i.e., more thac®ma day in order
to maintain adequate drug-plasma leVdl3]. Moreover, it is an antidepressant, neccegatonger period of
administration. The recommended daily dose of farlae is around 75 to 450 mg. These obligatiomsttethe

development of an alternate drug delivery systeat prermits direct access of active constituentghéosystemic
circulation there by overcoming first pass effeklso when compared with oral conventional formdas, the

extended release formulations have less nausedizzidess at the initiation of the therapy [14].

The current research endeavor aims at designingoadbesive venlafaxine tablets by using certainrahtesins
like olibanum and colophony as bioadhesive devicebypass the first pass effect, improve the bibalaity,
increase the duration of action, release the drggdontrolled manner and reduce the side effects.

EXPERIMENTAL SECTION

2.1. Materials

Venlafaxine was obtained as a gift sample from gbindo Pharma Ltd, Hyderabad); Olibanum gum wasyned
from (Girijan Corporation, Vishakapatnam). Colopfigasin, Microcrystalline cellulose, Magnesium séat@, Talc,
Ethyl cellulose were procured from (Yarrow chemscahd products, Mumbai); Sheep buccoadhesive mweasa
procured from local slaughter house (Vizianagarémdja) for determining mucoadhesion strength amevivo
permeation studies.

2.2. Methods

2.2.1. Formulation of buccoadhesive bilayered tabig

Venlafaxine buccoadhesive bilayered tablets weepamed by wet granulation technique. The formutetiovere
prepared as according to tablel. The buccoadhtsiets were prepared by using olibanum gum, caophesin,
microcrystalline cellulose and ethyl cellulose dsaaking layer. All the ingredients were initiafpassed through the
sieve #60 and were blended in motar and pestle géttmetric dilution method for 15 min except magmes
stearate, talc and ethyl cellulose. The blendldhalingredients was granulated by using 3:7 satiomethanol and
water respectively to obtain wet masses. Thesenvests was passed through sieve #12 and the resgtamgles
were dried at 40C. Finally, just before compression lubricants wadeled. Then the dried granules were pre-
compressed on a rotary tablet punching machine €Rimini press, India) at a pressure of 0.5 tontanet speed
of 2 rpm to form single layered flat faced tableBmm diameter. Then 40 mg of ethyl cellulose pomsas added;
final compression was done at a pressure of 3% dod turret speed of 2 rpm to obtain flat facdudeta with ethyl
cellulose layer as backing laminate [15].
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Table 1: Composition of buccoadhesive tablets of mafaxine

Ingredients Formulation Codes
(mg) F1 [ F2] PR3] F4] F5] F6] F7] F8] F9] F1Q F11l F2p

Core layer
Venlafaxine 25 25 25 25 25 24 25 25 25 25 5 P5
Olibanum gur 60 - 30 40 - 2C 3t - 17.£| 18 - 7.
Colophony - 60 30 - 40 20 - 35 17{5 1 15 75
Microcrystalline cellulose| 71 71 71 71 71 71 711 7171 71 71 71
Magnesium stearate 2 2 2 . 2 P P P P 2 2 2
Talc 2 2 2 2 2 2 2 2 2 2 2 2
Backing layer 40 | 40| 40| 40| 40| 40| 40 49 40 4p 40 4o
Ethyl cellulost
Total 200 | 200| 200{ 200 20 200 200 200 2p0 200 200 POO

2.2.2. Evaluation of Precompression parameters ofuocoadhesive tablets

Flow properties like bulk density, angle of reposgped density; Hausner's ratio, compressibilityex etc. were
evaluated for different batches of granules. Angfleepose was determined by fixed funnel methodskoand
tapped density was determined by cylinder methoh fwhich Carr's Index (Cl) and Hausner's ratio watulated
to define the flow property [16].

loose bulk volume (v,) — tapped bulk volume(v,)

% Compressibility index = Toose bulk volume (vy) x 100
0

2.2.3. Evaluation of post compression parameters biiccoadhesive tablets

The prepared buccoadhesive tables of differenthleatevere evaluated for different physicochemicsiistsuch as
weight variation, hardness, thickness, friabilitgrug content study, surface pHex-vivo residence time,
buccoadhesive strengtix-vivopermeation studie#-vitro dissolution studies and release kinetics.

2.2.3.1. Weight variation test

This test was performed by taking twenty tabletsdocamly from each batch and weighed individuallyngsi
electronic balance (Infra Instruments Pvt Ltd, Gtanindia). From the total weight of tablets aggraveight was
calculated and individual weight of each tablet waspared with average weight as per USP spedditafl17].

individual weight (W1) — average weight (W2) o

100
averageweight (W2)

% deviation =

2.2.3.2. Hardness
This test was conducted by randomly selecting thebtets from each batch and tested using Mondaatoness

tester (Shiv Scientific Stores). The average valuex calculatefi8].

2.2.3.3. Thickness
The thickness of tablets was determined by selgdtn tablets from each batch at random and avehageess
was determined using vernier calipers (Linkar, Mamdia) [18].

2.2.3.4. Friability test

This test was performed in order to check the ciipalof a tablet to withstand the mechanical streturing

handling, processing, transportation and shipmeathe friabilator (DBK Instruments) was used toedeiine the
friability. From each batch, ten preweighed (W)lé#b were selected at random and placed in therasa
revolving at 25 rpm for 4 min. Finally, at the eofdthe test the tablets were reweighed (W*) and garad with the
initial tablet weight.

w
)xlOO

% friability = <1 W

Where W is the original weight of the tablet, Wil final weight of the tablet.
Acceptance Limits: 0.5-1949].

1077



Satyajit Pandaet al J. Chem. Pharm. Res., 2016, 8(4):1075-1086

2.2.3.4. Drug content study

Five tablets were selected at random from eachhpatiturated. The amount of powder equivalent fon2yg was
dissolved in pH 6.8 phosphate buffer and filterathg Whatmann filter paper. The drug content waalyaed
spectrophotometrically using UV spectrophotomélée test was carried out in triplicdg9].

2.2.3.5. Surface pH

Surface pH of buccoadhesive tablet was determiryedsing pH meter electrode (Cyber Lab, Hyderabatial
One tablet from each batch was placed in contatit &iml of phosphate buffer pH 6.8 for two hoursr@m
temperature. Electrode of the pH meter was passeartls the surface of the tablet for 1 min to ebrate [21].

2.2.3.6.Ex-Vivo residence time

Ex-Vivoresidence time of buccoadhesive tablets was megsising modified USP disintegration apparatustéXin
Industrial Corporation, Dadar, Mumbai) by removihg baskets from the shaft. The fresh buccoadhesix®sa of
sheep was collected from local slaughter housattdef and washed with the buffer. Then it was htedo a glass
slide using cyanoacrylate adhesive in such a watyrttucosal side facing outwards. Glass slide waslad to the
shaft of disintegration apparatus with the hel@stainless steel rod. 500 ml of pH 6.8 Phosphaffetwas taken
as medium and maintained at %7. Buccoadhesive tablet was wetted with pH 6.8 phate buffer prior fixing on
to the mucosa, with light pressure to get the ahitontact. The apparatus was modified to immehngetablet
completely at the lowest point and out at the héghpoint. The time required for detachment of tafdlem the

mucosal surface was recorded. The test was damiplinate and finally the mean value was deterrdi22].

2.2.3.7. Measurement of bioadhesion strength

Mucoadhesion strength of the tablet was determimectheasuring the detachment force i.e., the foecgiired to
detach the tablet from the surface of mucosa. Htactiment force was measured on a modified physalahce,
in which the right pan was removed completely. Asgic beaker was kept on the left pan and botlpéms were
balanced by adjusting with weights. Fresh buccosigbdissue membrane collected from the local $igerghouse
was washed with pH 6.8 phosphate buffer. This badbesive mucosa was attached to a glass slide using
cyanoacrylate adhesive in such a way that the naliside facing towards (top) viewable side. Gldiskesvas fixed
on to the petri dish and kept on the right sidelaysical balance. Tablet was then attached to anaflass slide
using cyanoacrylate adhesive facing the core outsvaBlass slide was suspended from right sideeobilance by
means of non elastic thread and the heights wguostad. Both mucosal membrane and tablet were dvetith pH
6.8 phosphate buffer before fixing the tablet orthte mucosal membrane with little thumb pressutds Twas
undisturbed for 5 min and to the left pan containifastic beaker, water was added with the help lodrette until
the tablet just separates from the mucosal surfééeight of the water required to detach the talifgt was
determined and the detachment force was measumadlifNewton’s which corresponds to mucoadhesitrersgth
of the tablet. Experiment was performed for trigtee and the mean value was meas[#28H

Detachment Force (F) = W (Kg) X 9.8 m/s?

2.2.3.8.Ex-Vivo permeation study

This study was performed by using dissolution aall a membrane assembly. From the local slaugbtesehfresh
sheep buccoadhesive mucosa was collected as a meddbrane. Buccoadhesive mucosa was washed thdyough
with the Kreb’s solution and the epithelium was aeped from the underlying connective tissues usitigsors.
Then it was tied to the open end of the tube (dahamber) in such a way that mucosal side facinvgangs. The
end with mucosal membrane was dipped into the eadmprising 50 ml of pH 6.8 phosphate buffer (reee
chamber). Then the buccoadhesive tablet was atfachthe mucosal membrane with light pressure.heuarthis
beaker was kept on a magnetic stirrer with a hgapiate. Simulated temperature and buccoadhesiwements
were maintained by using water bath with thermomatiached to it and by using magnetic stirrer eeipely. At
predetermined intervals 5ml of samples were withwirafiltered through Whatmann filter paper and smet by
UV spectrophotometer at 225 nm. At each time ohdrawal equal amount of buffer was replaced intortteiver
chamber. The whole experiment was carried out riptidate, finally the flux and permeation coeffioit were
determined.

] = (dq/dt)/A

P =]/AC
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Where, J refers to flux (mg.htsm?); (dg/dt) is the slope; A is the area of diffusi@m?); P is the permeability
coefficient (cm/ht'); C is the concentration gradient across the majeds.

2.2.3.9.In-Vitro drug release study

Rotating paddle type dissolution apparatus USP Kgllectro lab, Mumbai, India) was used for deterimg the
percentage of drug release from buccoadhesivetsabkl@ploying 200 ml of pH 6.8 Phosphate buffer las t
dissolution medium. Temperature was maintained?at 8.2°C, with 50 rpm rotation speed. The tablet was mlace
in the dissolution vessel in such a way that theking layer of buccoadhesive tablet was attachea gtass slide
using cyanoacrylate adhesive so that the core lafytablet faces outwards i.e., towards the diggmiumedia. At
predetermine intervals 5 ml of samples were withwirand filtered through Whatman filter paper. AB22m, the
samples were analyzed by using UV spectrophotonfagglent technologies). At each time of withdrasjaéqual
amount of buffer was replaced in order to maingiitk conditiori25, 26].

2.2.4. Release Kinetics

Thein-vitro drug release data of different batches of buccoadheswafaxine tablets was subjected to different
kinetic models like first order, zero order, Hix@mnewell, Higuchi, and Korsemeyer-Peppas. A criterior
selecting most appropriate model was based on gmsduf fit and high regression coefficig2i].

2.2.5. Characterization of buccoadhesive tablets

2.2.5.1 FTIR study

Interactions between drug and resin were studiedF bR spectroscopy using the instrument Shimadapad,
FTIR-8400S. Samples were prepared by KBr pellethotetin which 2 mg of sample was mixed with 200 nfig o
KBr with a hydrostatic press at a force of 5.2 Rifar 3 min. The spectra were recorded for pure dremjafaxine
and buccoadhesive tablets containing drug. Thetispaere scanned over a wave number range of 400"
[28].

2.2.5.2. Differential scanning calorimetry (DSC)

The thermal behavior of the buccoadhesive tablaeteevinvestigated by using differential scanningodaieter
(DSC 60, Shimadzu, Japan). 5 mg of Samples of wkreed in perforated aluminium pans (p®) and were
sealed. All the samples were run over a temperatnge of around 5-30%C and heating rate of 1%/min in
atmosphere of nitrogen as purging gas at a floar@g®25 ml/min [28].

2.2.5.3. X-ray diffraction study (XRD)

XRD is a powerful tool in recognizing crystallinelavior of tablets. Buccoadhesive tablets wereestdgl to X-ray
diffraction analysis, using Philips PW 170 systdphi(ips USA) with Cu-Ku radiation (400 kV, 30 mA, and scan
speed £/min) to investigate the physical state of venliiax{28].

RESULTS AND DISCUSSION

3.1. Precompression parameters evaluation

Precompression parameters were evaluated as perspi&ifications, where angle of repose was fountietin
between 27.34 to 31.74°, which indicates that the granules prepared bygr@nulation technique showing good
flow properties. A blend of 2% of magnesium steaiatd talc was further added to improve the floapprties of
granules in order to avoid the weight variation agp@arious batches. Bulk density and Tapped defuitgifferent
batches were determined and the results were alotamthe range of 0.3806-0.4223 g/ ml and 0.4488%1 g/ml
respectively. This indicates that there was noiagmt difference between bulk and tapped dersito®nfirming
proper filling of the die cavity to avoid weightnation among various batches.

Carr's compressibility index was found to lie inethange 9.89 + 1.56 to 14.64 + 0.56 for all therfolations

indicating good to fair flowability and compresdityi. Hausner’s ratio was found to lie in the rangfel.109 to
1.186, indicating good flow properties. Resultseveepicted in table 2.
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Table 2: Physical characteristics of buccoadhesivablets of venlafaxine

Formulation | Angle of Repose| Loose Bulk Density | Tapped Bulk Density | Hausner's Ratio | Carr’s Index
Codes 09* (g/mi)* (g/mi)* (%)*

F1 25.34+0.34 0.406+0.02 0.476+0.013 14.63+0.58 70.1
F2 30.64+0.2 0.403+0.0 0.462+0.01 12.89+1.5! 1.14(
F3 27.89+0.3! 0.396+0.0: 0.440+0.01 11.97+0.6 1.11(
F4 25.45+0.23 0.413+40.01 0.485+0.018 14.88+1.41 70.1
F5 27.34+0.43 0.390+0.02 0.458+0.016 14.87+0.58 74.1
F6 26.79+1.12 0.409+0.02 0.454+0.018 9.83+1.41 4.10
F7 31.74+1.03 0.411+0.02 0.472+0.013 13.04+1.78 5.1
F8 27.47+0.5 0.418+0.0: 0.474+0.01 11.75+0.6 1.13:
F9 29.74+0.7! 0.380+0.0. 0.451+0.01 15.7440.4: 1.18¢
F10 28.24+0.88 0.422+0.03 0.490+0.015 13.851+0.6] 160
F11 27.28+1.14 0.399+0.04 0.446+0.012 10.535+111 117.
F12 28.58+0.27 0.417+0.024 0.474+0.018 12.058+0.23  1.137

*All the values are expressed as mean +SE, n=3

3.2. Post compression studies

Post compression studies were conducted for theaped buccoadhesive tablets and results were ddpicttable
3. The hardness and friability values indicate that tablets were of good mechanical strength amdvathstand
possible wear and tear during handling and tranapon. As the tablet weight was 200 mg, 7.5% o® 20g of
venlafaxine tablet can have weight variation ofmi$. The result suggests that weight variation olethiwas within
the range and there was no significant variatiowéight between different batches of tablet indigathat amount
of glidant added was sufficient. The drug contehtvarious formulations was in the range of 98.02169.05
indicating a uniform distribution of drug among e batches.

Table 3: Post compression parameters of buccoadhesitablets

Formulation | Weight Variation Hardness Thickness | Friability | Drug Content Estimation
Codes (%)" (kglcm?)* (mm)* (%) (%)
F1 2.25+0.026 0.012+0.020  202.06+0.45  7.45+0[21 426).206
F2 2.92+0.029 0.023+0.01p  205.08+0.23  8.5+0.15 R4
F3 2.71+0.011 0.09+0.03§  195.78+1.55 8.34+0|21 ROPR5
F4 2.62+0.004 0.017+£0.042  204.02+0.65 8.04+0,26 2@8).24
F5 2.73+0.01 0.17+40.02§  200.14+0.49 8.27+0[15 9216
F6 2.52+0.01 0.08+0.065  200.04+0.19  7.91+0{23 el 0]
F7 2.54+0.02 0.42+0.031] 201.38+1.12 8.49+0(38 o204
F8 2.64+0.05! 0.31+0.031 | 201.14+1.6 | 8.12+0.4 97.15+0.3!
F9 2.26+0.025 0.30+0.021]  204.43+0.98 7.75+0|12 a5.305
F10 2.37+0.027 0.07+0.045  203.79+0.y6  7.83+0109 7608.119
F11 2.56+0.011 0.08+0.020  202.29+1.56  7.97+0(27 106314
F12 2.71+0.063 0.43+0.025  201.84+0.81 8.36+0/35 .0/ .33

*All the values are expressed as mean +SE, n=3

The surface pH of all the formulations was deteediin order to find out the possibility of any siefects in the
buccoadhesive environment. The observed surfacefpl the formulations was in the range of 6.69.840 to
6.81 + 0.031. It indicates that the pH of the teblees within the range of salivary pH (6.5-6.Bgtteby indicating
that there was no cause of irritation at the ditedministration.

Ex-Vivoresidence time is the time necessary for completactiment or erosion of tablet from mucosal surface
without losing integrity. This test reflects adhesiproperty of resin in the formulation. All thegpared tablets
showed residence time of 5-7 hrs. It was found thitti increase in resin concentration residencestimas also
increased.

Mucoadhesion strength determination was conduatecalf formulations by modified physical balancehe
maximum mucoadhesion strength was observed fofdtmeulation F2 containing colophony 30% with adoesi
strength of 112.2% 0.5 mN and low mucoadhesion strength was obsergedhe formulation F10 containing
olibanum 15% with less adhesion strength of 46.8983tmN. The results indicate that mucoadhesiangth of the
prepared formulations increases with increasesmreoncentration and colophony resin having madieeaiveness
than that of olibanum resin. For the optimized baf® containing a blend of colophony (8.75%) anibasium
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(8.75%), good mucoadhesion strength was obtainédi48+ 0.6 mN). The results for all the formulagowere
shown in table 4.

Table 4: Results of Surface pHEx-Vivo residence time and Mucoadhesion strength for formations F1-F12

Formulation Surface Ex-Vivo Residence Time| Mucoadhesion Strength
Codes pH (hrs) (mN)
F1 6.72+0.061 7.4+0.24 103.25+0.6
F2 6.77+0.030 6.9+0.15 112.25+0.5
F3 6.69+0.040 6.4+0.61 105.64+0.8
F4 6.72+0.026 6.2+0.38 84.23+0.5
F5 6.8+0.066 6.8+0.15 98.25+0.2
F6 6.79+0.065 5.6+0.46 92.24+0.9
F7 6.73+0.030 5.4+0.54 77.21+0.5
F8 6.78++0.026) 5.1+0.65 90.52+0.6
F9 6.68+0.045 7.2+0.68 87.54+0.6
F10 6.81+0.031 6.5+0.74 46.98+0.3
F11 6.77+0.011 6.0£0.92 54.26+0.5
F12 6.66+0.029 5.8+0.87 53.24+0.7
*All the values are expressed as mean + SE, n=3
120 -+

Mucoadhesion strength
(mN)
5
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Figure 1: Mucoadhesion strength of formulations F1F12
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Figure 2: Ex-Vivo residence time for formulations F1-F12

In order to evaluate the performance of backing brame (to find out the leakage of drug), permeasinily was
conducted. In the present investigation, this stwéhs conducted for the optimized formulation F9 ahd
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percentage of drug permeation was found to be 68942 hrs. From the permeation data, different getion
parameters like amount of drug permeated for 12flus (J) and permeation coefficient Kp were detigred. The
flux and permeation coefficient for the optimizexrhulation was found to be 7.289 miém? and 0.40423 cmh
respectively.

350
y =25.948x + 21.097

R?=0.9814

w
o
o

250
200
150
100

wn
o

permeated in pg

o

Concentration of drug

0 5 10 15
Time (hrs)

Figure 3: Permeation study of optimized formulationF9

3.2.1.In-Vitro Drug Release Study

The In-Vitro drug release study for different batches was caeduty using phosphate buffer pH 6.8. The
formulations F1-F3 were prepared by using 30% w/fvobbanum, colophony alone and in combination
respectively. Then-Vitro drug release was found to be 75% within 12 hrs, @%2 hrs and 69% within 12 hrs
respectively. From the release data, it was folnatl the employed concentration of the resin (30%)wétarded
the release of the drug more than required andehirecconcentration of the resins was reduced fhenpreceding
concentration.

The formulations F4-F6 were prepared by using 208 wf olibanum, colophony alone and in combination
respectively. Thén- vitro drug release was found to be 82% within 12 hrs, T7%2 hrs and 84% within 12 hrs
respectively. Formulations F4-F6 showed improvddase rate when compared with formulations F1-k@,not
optimum within 12 hrs. This may be due to the fhett as resins are adhesive and highly hydrophiobimature,
decreasing the resin concentration decreases ility abthe matrix to confine the drug particlesdhincreases the
diffusion rate of the drug from the matrix. So,reasing the concentration of resin in the formaolatncreases the
time taken for the drug to leave the matrix, thgnedtarding the rate of release of the drug.

The formulations F10-F12 were prepared by using 1% of olibanum, colophony alone and in combinatio
respectively. Then- vitro drug release was found to be 94% within 9 hrs, 96%1 hrs and 96% within 8 hrs
respectively. From the release data, it was clegtrthe resins employed in the concentration (15%)were not
sufficient to control the release of the drug fréime formulations and hence the concentration ofrdsn was
increased for further studies.

The formulations F7-F9 were prepared by using 17WwP& of olibanum, colophony alone and combination
respectively. Thén- vitro drug release was found to be 95% within 11 hrs, 8&&in 12 hrs, 96% within 12 hrs
respectively. It was observed that formulationsH97provides optimum release of the drug up to @gdesf 12 hrs.
From the release data, it was found that exceptdE2 batches, all the remaining formulations singvé biphasic
release pattern, with an initial burst release ofemnthan 30% within first two hours, confirming tobencept of
loading and maintenance dose.
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Figure 4: In-Vitro drug release profile for formulations F1-F12

Among different formulated batches, Formulationsvi#s selected as optimized one as it releases &@6#b of
drug for a desired period of 12 hrs, with satisfactmucoadhesion strength, residence time and geocheation
coefficient.

3.3. Kinetic Analysis

When the release data were subjected to zero amtrfirst order model high coefficient of deterniioa (r*)
values observed for first order (0.902-0.985) rathan zero order (0.815-0.943), suggesting thad delease from
different formulated batches following first ordé@netics. The relative contributions of drug diffais and matrix
erosion were further confirmed by subjecting théada Higuchi and Hixon-Crowell models. It was fauthat
formulations made with olibanum in different ratimélowing Hixon-Crowell equation with higHf value of (0.977-
0.990), suggesting that geometric shape of thesttabhtrix diminishes proportionally over the timeedto erosion
of the resin. The formulations made with colophamylifferent ratios were following Higuchi model thihigh P
value of (0.982-0.988), suggesting that drug reldesm tablet followed matrix diffusion mechanism.

The formulations containing combination of olibanamd colophony in different ratios were followinggdchi
model with high value (0.982-0.992) except formulation F3 (with 15%5% w/w ratio) following both Hixon-
Crowell as well as Higuchi {value0.982). So, in order to define a perfect model Whidll represent a better fit,
therelease data were subjected to Korsemeyer-Peppati@yto find out the diffusion coefficient)(value.

Table 5: Release kinetics for formulations F1-F12

Formulation Codes ng.'ro OrdKeOr Frlzrst Ordlz rL—hguch:(H Kors:zameyers P?‘ppas H|>r<20n CI’OV\|I<e||
F1 5.434| 0.943] 0.103 0.985 21.21 0.985 0.458 0.960 1220{ 0.990
F2 4.451| 0.901] 0.07§ 0.96f 17.16 0.988 0.371 0.956 09-0. 0.982
F3 4550 | 0.867] 0.082 0.958 1849 0.982 0.35p 0.989 0940| 0.982
F4 5452 | 0.898| 0.119 0.97F 21.80 0.984 0.371L 0.970 13@0{ 0.990
F5 5.102| 0.832| 0.10§ 0.95p 21.06 0.972 0.372 0.991 1140 0.957
F6 5.848| 0.859| 0.145 0.97p 23.89 0.982 0.398 0.995 149 0.976
F7 6.031| 0.868] 0.204 0.94p 24.26 0.963 0.299 0.933 1910 0.977
F8 6.045| 0.869] 0.147 0.97f 24.82 0.981 0.458 0.980 15| 0.964
F9 6.465| 0.917| 0.214g 094 25.41 0.987 0.378 0.973 0402 0.967
F10 8.171| 0.815| 0.264 0.97f 28.96 0.959 0.32p 0.963 2410| 0.982
F11 7.094| 0901 0.225 0.902 27.11 0.9¢2 0.428 0.992 2140 0.958
F12 10.73| 0.893] 0.361 0.93p 34.21 0.988 0.481L 0.980 3340 0.974
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The optimized formulation F9 containing blend abahum and colophony (8.75% + 8.75% w/w ratio) bikkd
first order indicating that release of drug was aamiration dependent. The mechanism of drug reléas€9
formulation was found to be diffusion controlled, B9 follows Higuchi model which was further sugpdrby n’

value (0.378 i.e., < 0.5), so indicating Fickiaffuion. For, all the formulations F1-F12 value‘nf obtained is <
0.5, which indicates that all the formulations dfatent batches following Fickian diffusion.

3.4. Characterization of buccoadhesive tablets

3.4.1. FTIR analysis

Compatibility of excipients with the drug, as wafl identification of drug was studied by FTIR sasd{Shimadzu).
FTIR of pure drug was characterized by O-H streighit 3350 ci, aromatic C-H stretching at 3076, aliphatic C-H
stretching at 2833, C-O stretching at 1041 and asgtric C-O-C stretching at 1033. Similar resultsrave
interpretated by Mitkare 8t al., confirming that the drug was venlafaxine [15]. TREIR spectrum of different
formulated batches was resulted in similar or shigbhifted in peak values when compared with tharacteristic
peak values of pure drug. The results of FTIR spéstudies showed that there were no significategraction
between the drug and resins. It was observed ligae twere no signs of major degenerative intemastio occur
and hence the excipients could be used safelyrouiate the buccoadhesive tablets

. A - Vemlafasine
e b, - “s, B - Formolation F5

B s e T T
- = F =y o0 ET = "rho -5 5 3 =
0

Figure 5: FTIR spectra of pure venlafaxine and fornulation F9

3.4.2. DSC analysis

The thermal behavior of the drug as well as matablets was investigated using differential scagrdalorimeter
(DSC 60, Shimadzu, Japan). The DSC thermogranmhédtug gave a sharp melting endotherm at 21%3%here
was a slight decrease in the intensity of endotieepmak in case of formulation F9, indicating thetl physical
transformation of the drug from crystalline to aptoous form in the matrix tablets. The comparati&thermo
grams of the drug venlafaxine and optimized forriota(F9) were depicted in figure 6. The DSC stagyarently
revealed that the drug was compatible with thenresid neither drug decomposition nor drug-resieratdtions
occurred in the prepared buccoadhesive tablets.

Figure 6: DSC spectra of pure venlafaxine and formiation F9
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3.4.3. X-ray diffraction analysis

The thermal behavior coupled with the X-ray crys@aphic data suggested that the diffractogrampuafe
venlafaxine indicates the crystalline structurehef drug. The diffractogram of pure drug and optiedi formulation
F9 shows a similar pattern with slight decreasthénintensity of the peaks, which suggests thatlthg was able to
disperse homogenously. This result confirms a alattiansformation in the solid state of venlafaxifiem
crystalline to amorphous. Similar results were regab for other sustained release formulations Hea game
interpretation for venlafaxine [15].

M‘ "*W"’#'Mr“m; R

b
Two-Theta (deq)

]

Figure 7: XRD spectra of pure venlafaxine and F9

CONCLUSION

The results suggested that, in an attempt to peedpaccoadhesive tablets of a drug like venlafaxisiag olibanum
and colophony resins was successful in enhanciaditavailability and prolonging the therapeutiteef for the
management of depression. In the present inveistigaresins used are of natural origin, are noretox
biodegradable, readily available, inexpensive, eeoflly when compared to synthetic polymers. Thenfdated
tablets were can reduce the frequency of admitistrahereby reduces the chances of drawbacks dhat
associated with conventional venlafaxine tabletse $tudy conducted so far reveals a promising trasigigesting
scope for pharmcodynamic and pharmacokinetic etialua
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