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ABSTRACT

Tamarind seed polysaccharide (TS) is derived fioenkernel powder of seeds of Tamarindus indica.lilS has
various pharmaceutical applications, however itplagation is limited due to uncontrolled rate ofdwgtion, drop
in viscosity on storage and susceptibility to miied contamination. Keeping this in view an attermygis made to
overcome some of the disadvantages by suitablyimgathe TS with methyl methacrylate (MMA). Cheinicathod
of grafting by potassium per sulphate and ascodgid redox pair was selected for grafting. Taguc@idesign was
applied to optimize the grafting process. The gmhfproduct was subjected to physical, chemical spelctral
analysis. The physical characterization revealsdnop of viscosity on storage, controlled rate ofitgtion of
Grafted tamarind seed polysaccharide (GTS). Thenited and spectral characterization confirmed thafting
procedure. Metoprolol succinate a low bioavailalp®-50%) drug was selected for the present studl laurccal
patches were formulated using TS and GTS as potyn@antral composite design was applied to find thet
relationship between percentage of TS/GTS and drlegse characteristics and to optimize buccal pascwith 12
hour drug release. The 2% of TS and 2.86% of GTt8dbyatches were able to show a sustain drug seldar 12
hours. Invitro, exvivo drug release studies, retedinetics, physical parameter studies for all mptied patch
formulations reflect the ideal characteristics aidisal patch for delivery of metoprolol succinate.

Key words: TS, GTS, grafting, rate of hydration, buccal ddadjvery.

INTRODUCTION

From the early 1980s there has been renowned stterehe use of bioadhesive polymers to prolongtact in
various mucosal routes for drug administration abiity to maintain the delivery system at a paitée location for
an extended period of time for both local as well systemic drug bioavailability [1Among the various
transmucosal routes, buccal mucosa has excelleessibility due to expanse of smooth muscles afatively
immobile mucosa, hence suitable for administratibmetentive dosage form. Drug absorption throughwaosal
surface is efficient because mucosal surfaces sually rich in blood supply, providing rapid drugsport to the
systemic circulation and avoiding degradation bwtgantestinal enzymes and first pass hepatic noétab
[2,3,4,5]. Bioadhesion is the phenomenon betweem nvaterials which occurs between polymer and efiéth
surface [6,7]An ideal buccal patch should be flexible, elastmft, adequately strong enough to withstand breakag
due to stress from mouth activities, so that it t@nretained in the mouth for a desired duratiortime by
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interfacial force [8,9,10]. The use of natural pobrs in controlled and sustained drug release fiations is
drawing interest due to advantages like nontoxésslexpensive and freely available. Furthermomy ttan be
modified to obtain tailor made materials for druglicery systems allowing them to compete with tigatisetic
products.

Tamarind Seed Polysaccharides (TS) is a polysaiciehpplymer (D-galactose, D-xylose and D-glucodstpimed
from endosperm of kernels of seeds of pl@amarindus indica Linnbelonging to familyLeguminoceae and
possesses properties like high viscosity, broadglétance, wound healing property[11], noncarcimigjey[12],
mucoadhesive nature and biocompatible. TS hasdiinits like uncontrolled rate of hydration, dropviecosity on
storage and susceptibility to microbial contamimatiThese disadvantages can be overcome by sugedfteng of
TS.

Grafting is a method where monomers are covaldrthded onto the polymer chain and are grafted syitithetic
polymers for the production of better natural preiduwith less side effects and minimum loss of ithigal
properties of the substrate [13,14].

Metoprolol succinate is selectiyg.adrenergic antagonist with no intrinsic sympathostimactivity, and is widely
used to treat essential hypertension and anginanmedlthough it is completely absorbed from tjestrointestinal
tract, the systemic availability is only approxielgt 50% because of high first-pass metabolism. Egitcis a
suitable candidate for administration via buccalteo In the present study, a flexible buccal pdtrhdelivery of
metoprolol succinate was developed using TS anflegkrd S (GTS). Thex vivorelease characteristics of prepared
systems were evaluated using bovine buccal mucosedified Franz diffusion cell.

MATERIALS AND METHODS

Materials: Metoprolol succinate was a gift sample from NATC@.LIndia, Methyl methacrylate, a film forming
polymer potassium persulphate, ascorbic acid redagents and all other chemicals were purchased 8D Fine
chemicals Hyd, India. All the materials used wefrdB grade.

Extraction of TS: Tamarindseedpolysachharridés extracted from seeds dlamarindus indica Lof Family
Leguminaceae.The extraction process established by Rao et]JafaS modified and the best lab feasible method
was used. 200 gms of best quality tamarind seeds eleaned, soaked and boiled in double distillatewfor 5 hrs
to remove the outer dark layer, the inner whitetiporwas collected and washed, then double didtiater was
added and boiled under constant stirring conditioa water bath until the slurry was prepared. Sokition was
cooled and kept in refrigerator overnight so thastof the undissolved portion was settled at thtéom.The upper
clear solution was dacanted off and centrifugedQfi0 rpm for 20 min, the supernatent was collected was
concentrated at 60°C on a water bath until themelis reduced to one third of its original. Theusioh was cooled
down to the room temperature and was poured imicetihe volume of acetone by continous stirritg, precipitate
was collected washed repeatedly with acetone, doiegl4 hrs at 40°C in hot air oven. Conformatidnrucilage is
done by chemical tests. The dried material was poadiand kept in desiccator for further.use

Grafting of TS: Grafting was done using potassium persulphate/Becacid redox pair method. Required amount
of the TS was dissolved in minimum volume of distll water in a 250 ml flask. To this solution, reqd amount

of the methyl methacrylate (MMA) and ascorbic agieke added and the final volume was made up tondl0The
flask was thermo stated at 35 + D@. After 30 min a definite amount of potassiumspéphate was added and
taken as zero time. The reaction is allowed forcHjgeperiod of time based on the design. Then riigture is
poured into large quantity of acetone and the pogthylmethacrylate was extracted from acetone hyipg the
concentrated acetone solution to the large excessier. Temperature is maintained constant dutfiregpocess.
The homopolymer precipitated was separated byafittn, dried and weighed. Precipitate obtained washed
repeatedly with acetone and water, the resultasdymt was dried at 4G for 24 hrs.Taguchi OA design was chosen
to predict the various factors like ratio of TS: Miiexposure time on the responses like yield, pgege yield and
percentage efficiency. The factors such as amoftirgscorbic acid, potassium persulphate were kepstant.
DESIGN EXPERT 8.5.0.2 software was used for theniatation process.The factors chosen were givéralrie 1
Factor A- TS: MMA in 1:0.5, 1:1, 1:2 ratios

Factor B- Exposure time 30, 60, 90 min to find the correlation with responses.
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The responses selected were
Response 1: Yield(gms)
Response 2: % yield
Response 3: % efficiency

Table 1: Actual and coded values of the factors udéor grafting

Actual Values Coded Values
Factors Upper | Middle | Lower | Upper | Middle | Lower
level level level level level level
Factor-A 1:2 1:1 1:.05 1 0 -1
Factor-B 90 60 30 1 0 -1

Grafting confirmation analysis: Preliminary grafting was confirmed by Fourier- tséorm infra red (FTIR)
spectral analysis, powder X ray diffraction (PXRidjalysis.

Rate of hydration study[16]: Rate of hydration of TS, GTS was carried out in B6l0of 0.25% w/v aqueous
dispersion in preservative solution. The preseveasiolution was made by using 0.18% Methyl paradreh0.02%
Propyl paraben. 1, 1.5, 2 and 2.5% w/v of TS & G¥&e prepared by dispersing the weighed quantitthef
polymer in distilled water and adding 0.18% wi/vthye paraben and 0.02% of propylparaben to thilldid water
heated to 7L to 80C till they are dissolved. The addition of polymsrdone by dispersing the polymer slowly
accompanied by stirring with mechanical stirrdrdilhomogenous solution was obtained. The requjuehtity of
polymer was added to 500 ml of the preservativetsni and immediately time was noted. The dispersiovere
agitated on a reciprocating shaker. Viscosity negsliwere recorded using Brook field viscometemdigi No. 62,
atl,2,3,4,5,6,12 and 24 hrs.

Fabrication of buccal patches:All the ingredients were weighed accurately, TS/G¥& dispersed in 5 ml of
distilled water with continuous stirring and keptice for 2 hrs for swelling. Then drug was addedhi® above
dispersion and was stirred for about 10-15 min @nehl of distilled water was added simultaneouslinalty
required amount of polyethylene glycol was added tmtal volume was made to 10 ml with distilled @ratThe
resultant dispersion was stirred for 15 min to picela homogeneous dispersion. This was kept asidmme time
to remove the air bubbles. The dispersion was dasti slow and continuous flow on a teflon plated@mmeter 6
cm and kept at 4@ in hot air oven for 24 hrs. The formulation ofchal drug delivery system was basedcentral
compositedesign. The design was applied to the formulatidouccal patches containing metoprolol succinate T
quantitative prediction of characteristic responiges thickness, time taken for complete drug asks in terms of
% of polymer (TS/GTS) and % plasticizer (propylegigcol) used in the formulation of buccal drug dely
system. The two factors varied at three levelsatected they are as follows,

Factor A: Varying percentages of TS/GTS(1.5, 2.0 2:5%w/v).
Factor B: Plasticizer percentage (5, 10 and 158 v/

The dose of drug in each 4 Enpatch (i.e.. 11.875 mg)is used for the treatnuérgevere heart failure. Factor A
chosen was varying percentages of TS/GTS percentelgesen were Factor B chosen was concentration of
plasticizer Propylene glycol (PG) was used as igiast which contributes elasticity and flexibilityp the film.
According to model, total 9 experiments were comeldén 13 runs where the same experiments wereategdor
better resolution.

The responses selected were
Responsel: Thickness of the patch (n=5)
Response 2: Time taken for 50% drug release

Table 2: Actual and coded values for buccal patches TS

Actual Values Coded Values
Eactors Upper | Middle Lower | Upper | Middle | Lower
level level level level level level
Factor-A | 2.5%w/v | 2%wl/v | 1.5%w/v| 1.00 0.00 -1.00
Factor-B | 15%VA 10%vA 5%v/v 1.0C 0.0C -1.0C
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Table 3: Actual and coded values for buccal patchesf GTS

Actual Values Coded Value:
Eactors Upper Middle Lower | Upper | Middle | Lower
level level level level level level

Factor-A | 3%w/v | 2.5%w/v| 2%w/v 1.00 0.00 -1.04
Factor-B | 15%v/v | 10%v/v 5%v/v 1.00 0.00 -1.00

Evaluation of buccal patches:The fabricated films were evaluated for weight &ioin, drug content, content
uniformity, folding endurance, swelling index andigl release studies.

Weight variation: This test ensures the uniformity of the formed filfnom the patch three small pieces were cut
randomly, each of 1 ¢ci(1 cm*1 cm) area and were weighed individuallye®itandard deviation from the mean
value was reported.

Drug content: The assay was performed to ensure the drug loadiegch film. This test was performed by taking
a 4 cnf area of film from the patch and dissolving it i Bl of pH 7.4 phosphate buffer with the aid ofrati.
This solution was filtered by using Whatmann filpaper. The filtrate was diluted to 100 ml with ga&me buffer
and solution was analyzed in spectrophotometebsoration maximum of 274 nm, against blank 7.4 pkfdy.
This test was performed in triplicates.

Content uniformity: The content uniformity test was used to ensure ¢haty film contains the amount of drug
substance intended with little variation among §ilmithin a patch. From the whole patch 3 pieceswet, each of
1 cn? (1 cm*1 cm) and assayed for its drug content. aniity of content was reported by measuring the sl
standard deviation values.

Folding endurance:Folding endurance of the film was determined regdigitby folding a small strip of film (2 cm
X 2 cm) at the same place until it breaks. The remab times the film could be folded at the samecplwithout
breaking gives the value of folding endurance.

Thickness: The film thickness was measured by using micromsteew gauge at five points (center and four
corners) on the film to make sure that the filntkiiess is uniform throughout. From the five poimisan thickness
was calculated. Samples with air bubbles, nickgears and having mean thickness variations of greatin 5%
were excluded from analysis.

Swelling Index: The polymeric patches cut into 2 x 2 cm were weibhecurately and kept immersed in 50 ml of
water. The patches were taken out carefully aD530 and 60 minutes intervals blotted with filpaper to remove
the water present on their surface and weighedraty, the percent swelling is calculated usingrfala:

_ Wet weight — dry weight
% swellmg = _ x 100
Wet weight

Surface pH: 4 cnffilm of each formulation was taken and it was pthea petriplate containing 1 ml of distilled
water (pH 6.5+0.5) for 2 hrs at room temperatung] pH was noted down by bringing digital pH metectode in
contact with the patch surface, allowing to equdtk for 1 min.

In vitro diffusion study: In vitro diffusion studies of buccal patches were condubiednodified Franz diffusion
cell, the release rate of drug was studied acrbss dialysis membrane tied between donor and recepto
compartments. A 4 chpatch was placed on the membrane and the tempenaas maintained at 37°C + 0.5°C
with an energy controlled hot plate with magnetiicrear. Diffusion fluid was 70 ml pH 7.4 buffer sted at a
constant speed using teflon coated iron bead. Atgj(2ml) were withdrawn at preset times (1,2,364/458,12,...24
hrs) the same volume of diffusion fluid was repthedter each withdrawal. All collected samples wassayed
using UV spectrophotometer at 274 nm. Release clvagents were determined from calibration curve.
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Ex vivo diffusion study: Ex vivodiffusion studies of buccal patches were condubigdnodified Franz diffusion
cell (SeeFig 1) the release rate of drug was studied acrossstilatéd bovine check pouch mucosal membrane
which was obtained from the local slaughter houoaggosal layer was isolated and used within 4 fs feollection
tied between donor and receptor compartments. i’patch was placed on the membrane and the temperaas
maintained at 37°C + 0.5°C with an energy contmbhet plate with magnetic stirrer. Diffusion fluidas 70 ml pH

7.4 buffer stirred at a constant speed using teflmmted iron bead. Aliquots (2ml each) were witldrat preset
times (1,2,3,4,5,6,7,8,12,...24hrs) the same volumeiffusion fluid was replaced after each withdrawall
collected samples were assayed on an UV spectropiesér at 274 nm.

Fig 2: Fabricated bioadhesion testing instrument

Bio adhesive Strength:The tensile strength required to detach the polioratch from the mucosal surface was
applied as measure of the bio adhesive performamndeonducted the test.
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Instrument: The apparatus was locally assembled and was a icetthh of Parodi et al. apparatusiqd 2). The
device was mainly composed of a two-arm balance.l&ft arm of the balance was replaced by smatlsiss steel
lamina vertically suspended through a wire. At shene side, a movable platform was maintained irbtttom in
order to fix the model mucosal membrane.

Method: The fabricated balance was used for the bio adhestiedies. The mucoadhesive patch of 4 cm? excised
bovine cheek pouch, washed and fixed to the movalhtéorm of stainless steel lamina with adhesiMee exposed
patch surface was moistened with 1 ml of isotomiagphate buffer for 30 sec for initial hydratiordawelling. The
platform was then raised upward until the hydrgietth was brought into the contact with the muceadiace. A
preload of 20 g was placed over the stainless &@s@ha for 3 min as initial pressure. And then gies were
slowly increased on the right pan, till the patetaghes from the mucosal membrane. The weightnedjto detach
the patch from the mucosa give the bio adhesivength of the mucoadhesive patch. The mean valugheof
triplicates was taken for each set of formulatioAer each measurement the tissue was gently aoughly
washed with isotonic phosphate buffer and left&fonin before taking reading.

Bioretention time: 200 ml of simulated saliva solution, which consisté phosphate buffer saline solution af G7
was used as the medium. Artificial saliva was prepady dissolving 2.38 g of Na2HPO4, 0.19 g of KidZPand 8
g of NaCl in 1 L of distilled water adjusted to @B +0.05 with the phosphoric acid USP Il (paddie)s used for
the study at 50 rpm as shown in ffig 3&4.

Method: The excised bovine mucosal layer was adhered timetglass slide using adhesive, Then the buctehpa
of area 4 crhwas cut and placed on the mucosal membrane andakéfs for 10 min for proper bioadhesion, this
slide was immersed in the simulated saliva taketihéndissolution apparatus, the paddle speed wase & rpm,
test was started and time taken for the patchesdase from the slide is noted as bioretentioetim

Fig 3&4: Bio-retention time test

Curve fitting for formulations: In order to understand the mechanism and kineficsuy release, the drug release
study were fitted with various kinetic equationieelizero order (% cumulative percent drug releasedime), first
order (log cumulative percent drug retained vsejinHiguchi (cumulative percent drug released ost time),
Peppas (log of cumulative percent drug releasedbgstime) The kinetic model that best fits thesdisition data
was evaluated by comparing the regression coeffi¢ig values obtained in various models. Peppadahased ‘n’
value to characterize different release mechanidine.values of n = 0.5 for Fickian diffusion, beeme0.5 to 1.0
for non-Fickian diffusion and n = 1 for zero order.

RESULTS AND DISCUSSION
Grafting: Grafting of TS with MMA was performed by utilizinGaguchi OA design and the influence of factors

like ratio of TS: MMA and exposure time on respansach as yield, % yield and % efficiency of theiddive
were studied (Se€able 4), (Fig 5, 6&7). Buccal patches were prepared at three differententrations of GTS as
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polymer (2%, 2.5%, 3%) and at three different petages of PG as plasticizer (5%v/v, 10%v/v, 15%vikg
design of experiments were based on Central corngpdssign.

Table 4: Response obtained from different runs of @fting

Runs | Yield (9) | %VYield | %Efficiency
1 1.211 211 21.1
2 1.023 2.3 4.6
3 1.473 47.3 47.3
4 1.231 231 11.5
5 1.008 0.8 1.6
6 1.009 0.9 1.8
7 1.481 48.1 24.05
8 1.473 47.3 47.3
9 1471 47.1 235
Design-Expert® Software
Factor Coding: Actual
Original Scale
yield
+ Design points above predicted value
1= A TSP:MMA 18
X2 = B: exposure time -
16
14
o
2
= 12
0.8
B: exposure time A TSP.MMA
Design-Expen® Software
Factor Coding: Actual
Original Scale
Soyield
¢ Design points above predicted valus
X1 = A TSP:MMA
X2 = B: exposure time 63.0053
66.575
50.0547
T
e
=
BQ 33.5345

17.0142

0.493906

B: exposure time A: TSP:MMA
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Design-Expent® Software

Factor Coding: Actual

Original Scale

Yhefiiciency

« Design points above predicted value
@

1= A: TSP:-MMA
X2 = B: exposure time

Y%efficiency

B: exposure time , i A TSP.MMA
Fig 5, 6&7: Interaction graph of various factors wih responses of grafting

Optimization: The coefficients of each variable on the responsgar® calculated seperately and the equations of
different responses were developed. The factordifaator B significantly influence the responseg.darrying out
different runs the % yield was found to vary in ta@ge of 2.3 to 48.1 and % efficiency was founddoy in the
range of 4.6 to 47.1 and the yield was varyindhimtange of 1.009 to 1.473 gm. As the MMA to T$orahcreases
from 0.5 to 2 the yield and % yield were increabatlthe ratio of increment from 0.5 to 1 was higtien that of
the ratio of increment from 1 to 2. As the expestime increased from 30 min to 60 min the yield &t yield
were also increased, when exposure time was iredelasm 60 to 90 min the increment in yield and fd/was
negligible. The percentage efficiency was dependipgn both the factors and decreased with incrermeMMA
to TS ratio from 1 to 2, where as increment in $#iciefncy was noted when ratio was incerased frabnt@.1. Using
polynomial equation and the interaction graphscitrestraints were selected and optimig€dble 5). The optimum
derivative was prepared in the same manner asetigrd

Table 5: Optimized formula from DESIGN EXPERT

Number | TS:MMA | Exposure time yield %yield | %grafting | desirability
1 11 90 144372 53.6534  53.691 0.973

FTIR method: TS has shown the charecteristic peaks at 34113,38%4, 2923, 2856, 2358, 2343, 1639, 1629,
1382, 1319, 1272, 1207, 1155, 1020'crGTS at 3413, 3396, 3386, 2995, 2948, 2927, 23887, 1728, 1641,
1629, 1438, 1382, 1271, 1244, 1193, 1151, 104tk IR spectra of GTS has shown the additional pehkt
represents C=0, C=C, bending strectching etc.ictwivere not observed in the IR spectra of TS tlekitional
peaks represent the functional groups of MMA, pmeseof such peaks in the IR spectra of grafted ymbdan be
due to the succesfull grafting of MMA on to the JtBucture( See Fig 8).

XRD Method: TS Sample has shown the peaks at 19.78, 29.269,485%6, 48.3 differentt2values and GTS at
21.18, 29.67, 30.73, 37.03, 43.Biffractogram obtained from TS and GTS differ siggntly with each other, this
can be due to the change in crystalline nature ff@to GTS as a result of the graftifigee Fig 9)
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Fig 8: FTIR spectrum of (&) TS (b) GTS

Rate of hydration study: The study of rate of hydration is study of theceisity of the polymer in aqueous
dispersion methylparaben and propylparab&able 6) TS, Hydrophilic polymer in contact with the disstibn
medium, swell, make a continuous gel layer or enodg undergo both. The swelling is controlled bg thte of
hydration in the dissolution medium. The extentsefelling, relative mobilities of dissolution mediymirug and
matrix erosion dictate the kinetics as well as na@idm of drug release from the polymeric matri€asmparative
rate of hydration profile is shown Fig 10.

Table 6: Rate of hydration study of TS and GTS

) Viscosity (cps
Time (hrs) | RPM 55200 wiv [ GTS 2% wiv
1 50 305.3 21.6
2 50 315.6 21.6
4 50 336.8 22.9
6 50 398.6 23.1
8 50 408.¢ 23.t
12 50 436.5 27.
24 50 468.9 33.9

495
Scholar Research Library



Shailaja T et al Der Pharmacia Lettre, 2012, 4 (2):487-508

Lin {Counts)

Lin {Counts)

oo

1300

1200

100

1000

200

a00

1000

900

00

00

00

0

300

200

Sample 1

4 48357 A= 19786 °

d=

304881 A=79360 °

d=

190032 A=45563 °

d=2.10180 A=42000
d=
d=1.80253 A=48 307

1 20 30 w 50 50 0 8

2-Theta - Scale

Bilsampk 1 - Fle:Sampk 1w - Type: 2TLTH boked -Start: 10000 *- E1d: 79993 © - SEp: 0020 *- Gene@torky: 40 Ky - Ge e @lorm A: 30 m & - Arthcate s It .a. - Creaths: /232011 12:50:55
Cpe @tk SHp EARIa2 0500 | Inport

Sample 2

E =
2
E = .
& =
3 % 2
B 2
E = -
¥ =4
E & B[
Y 2|5
=
E 4
I o
3
E 2
i 5
E =
oin .
E Zl4 =
2l = 2
E HE k4
k] &
E gl ;
HE g
= S
5 b
) i
by
T T T T T T T T T T
10 20 30 w0 50 &0 0 B8

2-Theta - Scale
mhm pk 2 -Fle Sampk 2 @aw-Type: 2TRTE beked -Start: 10000 - End: 79 963 - Sep: 0020 "-GeneratorkV: W0 kY -Geveratorm 2: 30 m & - Anthcaters b w.a - Creaton: 57232001 12312401 P
Ope@AtoNE STp KAPNAZ 0500 | Impart

Fig 9: PXRD analysis of (1) TS (2) GTS
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Fig 10: Comparative profile of rate of hydration of TS and GTS

Study for viscosity drop: It was performed by keeping 2% solutions of TS &5 at room conditions for 7days
and determining the viscosity of each solutionpegcific intervels of timeas givenin Table 7. The viscosity of TS
in aqueous dispersion increased with the time amdesis observed with GTS also, this study showed tte
grafted product has controlled rate of hydrationewltompared to TS, 2 %TS solution has shown camino
decrease of the viscosity over a period of weelsdeym 300 cps to 84 cps, 2% GTS has retained igwsity of

25 cps - 26 cps in seven days.

Table 7: Study of drop in viscosity

Time (days) | 2% Solution | Viscosity (cps)
0 2TS 300 -
0 2GTS - 26
2 2TS 257 -
2 2 GTS - 26
4 2TS 154 -
4 2GTS - 25
6 2TS 84 -
6 2 GTS - 26
7 2TS 85 -
7 2GTS - 26

Drug-excipient compatibility study: FTIR studies were carried to verify if there way ameraction between the
pure drug and various polymers employed. The varietlR graphs both of pure drug and those with peks
used in respective polymers were mixed and thedbheas formulated into IR pellet and scanned. Tlfferdint plots

are given irfFig 11.

The FTIR spectra of physical mixtures of drug antymers reveal no interaction between drug andmelg; both
the drug and polymer peaks were remained unaltereéde spectra. Spectral analysis confirmed therdes of

chemical interaction between the drug and the petym

Evaluation of buccal patches of TS and GTSAIl the evaluation parameters are given in Tlable 10&11.

Visual inspection for film formation: All the experimental runs formed patchesz TS, andTSs were best among
all the patch formulations, TSTS, andTS; were brittle and where as 39S and TS were sticky due to the
varying plasticizer concentrations. All the expegimtal runs formed patches, GISTS, and GTS; were best
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among all the patch formulations, GT6TS, andGTS; were brittle and where as GJ&TS, and GT3 were
sticky due to the higher percentage plasticizecgeages.

o rave nt Mo of Scans: 15 DateTime: 012272011 12:10:27 P
FTIR Ileas urement Resohition, < [1ford User; pser
Apodization, Happ-Genzel

E s

Corment: Mo.of Scans: 15 DatesTirae; 0172872011 123221 PIV
FTTR e as ursiment Resolition; < [licrd User; user
Apodization; Happ-Genzel

g
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Fig 11: FTIR spectrum of (a) Metoprolol succinate §) TS + Metoprolol succinate Physical mixture (c) GS +
Metoprolol succinate Physical mixture
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Weight variation: The films have shown weight variation in the ramaje95-147 mg based on percentage of
polymer used. The films have shown a maximum penaeight variation of less than 5%. This little edion can

be due to the Teflon plates not having ideal flaface or due to slant surface of trays in hotogien where the
plates were kept for drying.

Drug content: The assay values for all the films were in the eanfj92 -102%. This shows the dose 11.84 mg was
available and nearly maintained to that of theoattvalue. The assay values for all the films werthe range of 93
-104%. This shows the dose 11.84 mg was availatdenaarly maintained to that of theoretical value.

Content uniformity: The drug was distributed uniformly throughout thienf The maximum standard deviation
was 0.85. The drug was distributed uniformly thrieogt the film. The standard deviation was in thegeof 0.02 —
0.1.

Folding endurance: The TS TS; and TS formulations had shown folding endurance less @@, all the other
formulations had shown good folding endurance @ual300. The GTSGTS; and GTS formulations has shown
folding endurance less than 250, all the other tdations has shown good folding endurance of aBoQt

Thickness: The average film thickness was varying from 19080 im, because the polymer concentration was
varied in all the formulations. The thickness wasying according to the polymer concentration. akierage film
thickness was varying from 230 — 310 um, becaus@dhymer concentration was varied in all the faatians.

Swelling index: Percent swelling index calculations were done basethe weights of the patches, formulations
with lower TS percentages has shown quick swelliogthe total percent swelling index was obsenedé in
between 70-79. Percent swelling index calculatioese done based on the weight of the patch formhoulst
Patches has percent swelling index in the rang86e43 the variations in percentage of GTS has effecthe
swelling index.

Table 10: Evaluation tests for buccal patches of TS

Formu Weight variation® Content Thicknes$ % _Swelllng Bioadhesion Bio retention time’
i S index! . )
lation (mg) uniformity (mm) (60min) strentgth®(g) (min)
TS 141.66 + 1.527 11.79 £ 0.034 272 +4.472 74.26 4D#.0.985 232.63 +1.256
TS, 108.43 +1.732 11.84+0.119 232 +4.472 74.25 14432 184.28 +1.264
TS 113.33£2.512 11.76 + 0.086 244 £8.944 75.42 5:3.834 183.42 £ 1.457
TS, 147.65 +1.526 11.81 +0.021 282 +4.472 78.49 296 1.023 234.42 +1.362
TS 96.42 +2.512 12.03 +0.079 182 +4.472 71.46 432+ 2.426 58.75 *1.965
TS 149.71 £ 2.081 11.77 £ 0.036 292 +4.472 78.26 26,8 0.945 235.16 + 0.994
TS 89.66 +2.121 12.05 +0.087 174 £5.477 76.89 760 1.956 55.45 + 2.165
TS 121.68 +2.096 11.80 + 0.066 248 +4.472 73.59 481 1.065 181.85 +1.264
TS 95.72 +2.645 12.01 +0.083 208 +4.472 72.11 438t 1.426 58.24 +1.998
Values are expressed as a:Mean 1SD, *n = 10; b&eavl +SD, *n = 5 e&f: Mean 1SD, *n = 3.
Table 11: Evaluation tests for buccal patches of G
Formu Weight Content . Syvelllng Bio adhesion Bio retention
. N~ . ] thickness index : .
lation Variation uniformity (60 min) strength (gm) time (min) £ SD.
GTS 174.33+1.154 11.81 +0.021 256 +4.471 38.16 ®4.2.564 211.52 +1.642
GTS 168.67 + 2.081 12.03 +0.079 244 +8.361 42.19 52.6.065 179.26 +2.016
GTS 162.56 + 1.527 11.77 £0.036 246 +4.472 40.84 53.0.998 175.34 +.0648
GTS 181.00 + 2.000 12.05 +0.087 258 +4.472 36.59 186.1.427 215.39 +0.628
GTS 155.68 + 2.645 11.80 + 0.066 226 +8.942 43.81 354.1.624 141.13 £1.945
GTS 185.60 +1.154 12.01 +0.083 258 +4.472 38.37 386.0.964 213.19 ¥1.457
CTS 151.34 £ 1.527 11.79 +0.034 224 +8.944 42.61 9463.1.652 154.89 +£2.415
GTS 168.33 + 1.527 11.84+0.119 246 +5.472 40.27 543.2.001 180.34 +1.685
GTS 156.71 + 0.577 11.76 +0.086 234 +8.944 43.76 1%4.1.642 154.31 +1.659
GTSwe 160.11+0.633 12.01+0.022 253 +1.689 38 81 +1.427 210+0.484
Values are expressed as a:Mean 1SD, *n = 10; b&eavl +£SD, *n = 5 e&f: Mean +SD, *n = 3.
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Surface pH: The pH range of all the formulations was determingithg digital pH meter which was found to be in
the range of 6.5-7.0. The pH range of all the fdations was determined using digital pH meter whicks found
to be in the range of 6-7 as given in freble 10&11.

In vitro diffusion study: In vitro diffusion studies were performed using dialysismheane, all the formulations
were studied for drug release up to 24 hrs, Fortiwis TS TS; and TS%has faster release of drug where 100
percent drug was released within 6-7 hrs. FormutatiTS TS; TSg with 2% TS has shown 100%drug release in
the range of 11-13 hrs, Formulations; T8S; TS with 2.5 % of TS has shown slow drug releasel@i20 hrs,
results revealed that the drug release dependsabrim S used in the formulations. (SERy 12&13) Formulations
GTS, GTS; GTS with 2% TS has shown 100% drug release in theerari@-10 hrs, Formulations GT$TS,,
GTS with 2.5 % of GTS has shown slow drug release tit17 hrs. Results reveal that the drug release is
depending on the percentage of GTS as shown iRith&4.

120
100 o -8 § -
" ¢
W, o
o« ‘e v + TS1
8 60 .
2 w ¥ —=—T52
= i | x,*
0 : TS3
!} —<—TS4
20 w
. |
0
0 5 10 15 20 25 30
Time (Hrs)

Fig 12: In vitro drug release profile for formulations TS TS, TSz and TS,
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Fig 13:1n vitro drug release profile for formulations TS TSs TS;. TSg& TSe

Ex vivo diffusion study: Formulations TS TS; TSg were excluded from thex vivostudies as the patches were
brittle, and shown 100 % drug release in the rasfge-7 hrs, hence TSTS, TS; TS, TS; and TS formulations
were subjected foex vivostudies using bovine check pouch. Formulationg TS; TSg has shown 100% drug
release in the range of 11-13 hrs, Formulationg TS, TSs has shown 100 % drug release in the range of 16-20
hrs. The drug release was depending up on % ofmdS&. Formulations having same % of TS with higheof

PG has shown faster drug release and this coultlibeo the permeation enhancing effect of the ydasticizer

PG. Formulations GTsSGTS, GTS were excluded from thex vivostudies as the patches were brittle, they has
100% drug release in the range of 4-5 hrs, henbe®@nS, GTS, GTS; GTS, GTS;, and GTgformulations were
subjectedfor ex vivostudies using bovine check pouch, Formulations GSE$S; GTS has shown 100 % drug
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release in the range of 8-10 hrs, Formulations GG$S, GTS has shown 100 % drug release in the range of 15-16
hrs. The drug release was depending up on pereemfGTS and percentage of PG, with in the fornioest
having same percentage of GTS, patches with higbeentage of PG has shown faster drug releasthancould

be due to the permeation enhancing effect of tlkd p&asticizer PESeeFig 15 & 16)
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Fig 14:1n vitro drug release profile of all GTS formulations
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Fig 15: Ex vivo drug release profile of all TS formulations

Bioadhesive strength & Bioretention time: Different runs reveal that the bioadhesive strerigtiteased with
increased percentage of TS in the formulationg, 8 shown highest bio adhesive strength of 11§n26and TS
has 30.76 gm. Bio retention time tests were peréatin triplicates, mean time was calculated andnteg TS and
TS formulations has shown highest bio retention tirh@3b minutes, the bio retention time was dependinghe
percentage of TS, with increased TS concentrationrdétention time was increased as shown inRle17 bio
adhesive strength increase with increased percerddd@sTS employed in the formulations. all the pat has
shown adequate bio retention time in the range Wds215 min, GTgand GTgformulations has shown highest
bio retention time of 215 min, the bio retentiom&i was depending on the percentage of GTS, witleased GTS
percentage bio retention time was increased asrsihothe Fig 18.
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Fig 16: Ex vivo drug release profile of all GTS formulations

Optimization: The coefficients of each variable on the respomga® calculated seperately and the equations of
different responses were devoloped. The factor d\fantor B significantly influence the responseg.darrying out
different runs, the thickness was found to varthi@ range of 174 to 292 um whereas 224 to 258fari8TS and
50% TDR was found to vary in the range of 3to®for TS and 2 to 8 hrs for GTS. The drug relesas found to

be depending on both the concentration of TS, Gi& BG this latter may be permeation enhancer. The
formulations with lower TS, GTS and PG concentraiovere releasing drug slowly than the other foatiohs.
Using polynomial equation, the interaction graphe tonstraints are selected and optimized. Themopti
formulation was prepared in the same manner addbign.

The optimized formulation obtained from the softavawas not in the designed trails hence the optihize
formulation was prepared again according to theiobt formula and evaluated for all the parame{&ee Fig 19-
24)

Table 12: Release kinetics for all the formulationsf TS and GTS

Formulation Zero order First order Higuchi Peppas
R? K R® K R’ K R® K n
TS, 0.9474| 4.478| 0.891] -0.0732 0.9746 26.918 0.9894 750.B 0.865
TS, 0.9901| 7.8351] 0.772] -0.1053 0.9399 34.869 0.982 908.8 0.9642
TSs 0.9906 | 6.6727| 0.765% -0.105 0.97p2 5.0753 0.0p62476.| 1.2897
TS, 0.9978| 5.3771] 0.9322 -0.0543 0.9747 27.39 0.99528720| 0.879
TSs 0.913: | 12.702 | 0.91¢ | 0.325¢ | 0.955f | 50.43t | 0.977¢ | 1.27Z | 0.886:
TSe 0.9992| 5.6439 0.7172 -0.0826 0.96B9 28.641 0.9959263.| 0.850
TS, 0.9961| 17.892] 0.8806 -0.2178 0.97p4 57.377 0.9962508 | 0.9825
TSs 0.9612| 7.0003 0.8967 -0.1546 0.9851 34.335 0.9931506.| 0.7806
TSs 0.9866| 17.629 0.8237 -0.3611 0.9946 5745 0.996 281.4 0.8131
GTS; 0.9761| 5.8778 0.892] -0.1129 0.98P2 31.952 0.9934371@.| 0.9431
GTS, 0.959¢ | 10.58f | 0.846¢ | -0.2577 | 0.980¢ | 45.03¢ | 0.9¢ | 1.114¢ | 0.958:
GTSs 0.999 | 12914 0.9179 -0.1341 0.9852 444 0.999 61.150.928
GTS, 0.9981| 6.7903 0.889 -0.0837 0.7 32.655 0.9977 33.880.9588
GTSs 0.9973| 20.621] 0.9692 -0.2284 0.99y4 6185 0.99873571.| 0.9586
GTSs 0.9902 | 6.4105 0.8396 -0.1231 0.981 32.§72 0.9978240.| 0.916
GTS; 0.9898 | 17.229 0.9959 -0.1564 0.9997 51.938 0.99473462 | 0.8891
GTSs 0.998¢ | 12.03t | 0.657¢ | -0.27271 | 0.98¢ | 46.627 | 0.98E | 1.582: | 0.902¢
GTSe 0.9997| 26.42| 0.9664 -0.2754 0.9915 71.676 0.999&21%.| 0.9963
GTSqc 0.9862| 7.393| 0.772]1 -0.2185 0.9782 4.0873 0.9973953.| 1.0035
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Fig 17: Bar graphs showing Bio adhesion time and Biretention time of the buccal patches prepared usg TS

503
Scholar Research Library



Shailaja T et al

Der Pharmacia Lettre, 2012, 4 (2):487-508

100+

804

604

40-

204

Mean weight(grams)

O+

Bio adhesion strength

N 6 A o
& G P D /\éo P G PG

o 0O

250+

)

N
o}
2

1504

100+

Mean time (min

o
?

0=

O

o o o ©o

O

Formulation code

Bio retention time

O

SR 5 o A o
VoA AR A P

o 0

Fig 18: Bar graphs showing Bioadhesion time and Biretention time of the buccal patches prepared usmGTS

O

O

o o O0

O

Formulation code

Scholar Research Library

O

504



Shailaja T et al

Der Pharmacia Lettre, 2012, 4 (2):487-508

Design-Exper® Software

Factor Coding: Actual

Thickness

o Design points above predicted value
L]

HZE\Z
174
X
K2

A: Conc. Of TSP
B: Conc Of PG

Design-Expert® Software

Factor Coding: Actual

TOR 0%

o Design points above predicted value
o

9
H?

X1=A: Conc. OF TSP
X2 =8: Conc Of PG

Thickness

TDR 50%

1.00

o B ConcOfPG
A: Conc. Of TSP ' 1007100

1.00

o~ —

A: Conc. Of TSP 0'0[!0 50\\/W/‘W) -1.00

X100 700 050

B: Conc Of PG

Fig 19&20: Response surface graphs of various fag®with responses for buccal patches with TS
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Fig 22&23: Response surface graphs of various fagowith responses for buccal patches with GTS

506
Scholar Research Library



Shailaja T et al Der Pharmacia Lettre, 2012, 4 (2):487-508

Design-Expert® Software
Factor Coding: Actual
Desirability

I1 000

0.000

¥1=A: Conc Of GTSP 1.000
X2 =8: Conc Of PG

Desirability

1.00

0
B: Conc Of PG b T A: Conc Of GTSP

Fig 24: Desirability graph of optimized formula for buccal patches prepared using GTS

Optimized buccal patch GTS,: Optimized formulation was evaluated for all the gedies, the drug was
uniformly distributed in patches and thickness wathe range of 253-258 pm, folding endurance ntbas 300
times, bioadhesion strength of 81 gm., bio retentime of 210 min, thex vivoand In vitro drug release was
observed under the same experimental conditiormghes formulations and 100% drug release was irrdhge of
11to 12 hrs(See Fig 25)
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Fig 25:1n vitro and Ex vivo drug release profiles for the optimized formulation GTS,o

Curve fitting for formulations: All the formulations followed zero order non fickidype of release. Results
revealed that the drug release from optimized féatrans followed zero order kinetics with superedistransport
mechanism(See Table 12)
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CONCLUSION

TS can be grafted to form GTS by a simpler, e@nfily chemical red ox pair method to overcome diisatages
such as uncontrolled rate of hydration and dropistosity. Taguchi OA design was applied for optimg the
grafting process where 1:1 ratio of TS to methykhaerylate for 60 min of exposure time has showghhjield
with good percentage efficiency. Rheological stadieGTS have shown controlled rate of hydratiod aa drop in
viscosity during storage in comparison to TS. Theliaability of TS and GTS for film formation andistained
release has been investigated by formulation aatuetion of buccal patches at different percentadgsasticizer
and polymers according to central composite desRatches have shown adequate folding endurancéenton
uniformity, surface pH, bio adhesive strength ararbtention time. In vitro andex vivostudies have shown that
TS; formulations (2% of TS) and GTsformulations (2.86% of GTS) were for sustainedgdrelease for 12 hrs.
The results indicate that the TS and GTS can beesstully used to develop buccal patches with swetladelivery
of metoprolol succinate for 12 hrs.

Future scope:The research can be continued by grafting of T® wiher methods to impart thermo sensitive and
in situ gelling properties. The research work carfurther continued by exploring the pharmaceutggdlication of
GTS in the formulation of suspensions and gels & @TS can be further derivatized to impart antnotial
properties.
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