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ABSTRACT

The aim of the present study was to characterizmws mucoadhesive polymer combinations, viz. Gaob834,

Hydroxy Propyl Methyl Cellulose (HPMC)-E15, Sodidginate and optimize the best polymer combinatiased

on the mucoadhesive strength and Wash off perid) @sfactorial design for two factors at two leseA series of
formulations with varied ratios of the above polyshweere prepared by keeping the total weight ofetibconstant.
The tablets were tested for mucoadhesive strergitiyumodified digital balance apparatus. The wa#fhtest was
performed using modified USP tablet disintegratiest apparatus at 37°C. The force of detachmenttlaadime of
detachment were considered as main parameters. Ehentesults obtained, formulation F10 was choserthee

best formulation with 3hr 53min detachment timernfaation F10 was optimized using two level twotdac
factorial design, as a good model to predict tifeatfof various factors like the ratio of CarbopolHPMC ‘Factor

A’ and the ratio of HPMC to Sodium alginate ‘Fac®t From the design M2 formulation which has codekl of

-1 and +1 for considered factors A and B with thaeximum mucoadhesive strength of 40 gm and wagiedtfd of

4hr 10min was optimized as the best formulation.

Key words: Mucoadhesive polymers, Mucoadhesive strengthhweaf§ test, factorial design

INTRODUCTION

Bioadhesion can be defined as the process by whightural or a synthetic polymer can adhere t@kdical
substrate. When the biological substrate is a nalclager then the phenomena is known as mucoadhesio
Mucoadhesion can be obtained by the building of -swecific interactions, which are driven by the
physicochemical properties of the particles andnhestinal surfaces or specific interactions whdigand attached
to the particle is used for the recognition anddciiment to a specific site at the mucosal surfag[1

Mucoadhesive controlled release systems can imptbeeeffectiveness of a drug by maintaining thegdru
concentration between the effective and toxic evéhhibiting the dilution of a drug in the bodyuifis.
Mucoadhesion increases the intimacy and durationootact between a drug containing polymer and aouns
surface. The combined effect of direct drug absompand decrease in excretion rate due to prolomgsidlence
time allow for an increased bioavailability of drwith a smaller dosage and less frequent admitistra

Mucoadhesive polymers are classified into two catieg, i.e. Polymers that are water soluble, lireat random
polymers and Water insoluble compounds that ardlae networks joined by cross-linking agents.
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The factorial designs [6] are used in experimertisre the effects of different factors or conditi@msexperimental
results are to be elucidated, e.g. to determine dfiect of various polymers and their concentratiam
mucoadhesive behavior. The factorial design, tloeeethelps in optimization of suitable polymer conation and
concentration in designing suitable dosage forngédneral, optimization process consists of pregaairseries of
formulations with varying concentration of polymémnsa systematic manner.

MATERIALS AND METHODS

Materials

Carbopol 934 p was a gift sample from Dr. Reddiigderabad. HPMC - E15, Sodium Alginate, Lactose,
Magnesium Stearate were purchased from Nation&n8tc Products, Mumbai. All other materials usedre of
Pharmaceutical grade.

Methods:

Preparation of tablets

A total of 15 formulations with various polymer cbimations were prepared. The polymers were mixed in
geometric ratio using sieve number 20 to get aoumifmixture and finally lubricated using a suitalléricant
depending on the formula design.

The required weight of the blend was weighed andpressed on enteric coated core tablets using-Elit@ station
GMP model rotary press using round biconcave punishewing VIGNAN embossing as seerrigure No. 1

Evaluation of prepared mucoadhesive tablets:
Weight Variation [8, 10]:

Twenty tablets were randomly selected from eacbhband individually weighed. The average weight stashdard
deviation of 20 tablets was calculated. The bat$sps the test for weight variation test if notertbian two of the
individual tablet weight deviates from the averaggight by + 7.5% as per the USP. The results whoava in
Table No. 2

Hardness|[8]:
Hardness was measured using Monsanto hardness Esteach batch three tablets were tested.

Friability[8, 9]:

Twenty tablets were weighed and placed in the Rddhkilator and apparatus was rotated at 25 rpndfninutes.
After revolutions the tablets were dusted and weighgain. The percentage friability was measurédguthe
formula,

% F = {1-(Wo/W)} x100

Where, % F = friability in percentage
Wo = Initial weight of tablet
W = weight of tablets after revolution

Swelling Studies[11-14]

Swelling studies were performed to estimate mokacpbarameters of the swellable polymers such abdpat,
HPMC and Sodium alginate using USP type Il dissofutipparatus (DR 8000). The tablets were initialgighed
using an electronic balance having sensitivity 10thg tablets were added to dissolution baskeerAtminutes,
the tablets were removed and placed on a butteerpapd the tablets were re-weighed. The swellitip naas
caluculated from the following formula:

Swelling Ratio =  (Weight of tablet after swellig — weight of tablet before swelling)

Weight of tablet before swelling
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Mucoadhesive Strength[15, 16]:

Mucoadhesive strength of the tablet was measurati@modified digital balance. The design usednfi@asuring
the mucoadhesive strength was shown in Fig. Nché.apparatus consist of a modified electronic diditlance on
which a rectangularly bent aluminum rod was affiaed at the bottom end of the rod an iron punchfixas at the
centre, to which the tablet was adhered as showtineifigure 8. The balance was tared to zero before performing
the experiment. At the lower end, a beaker contgir block for placing the mucosal layer is arrahged the up
and down moments of the beaker was fabricated mgusringes assembly as shown in figeire 7. The beaker
was filled with Tyrodes solution for maintainingeticonsistency of the tissue. The other side (qaerof stomach)
tissue was adhered to the support in the beaker.

Pig stomach mucosa was used as a model membraseeisimas higher similarities with that of humanmsach
mucosal layer. The pork stomach mucosa was kepgriodes buffer solution during transportation.

After the arrangement of the assembly was doneotigeside of the tablet was fixed to the punch i aid of
Cyanoacrylate gum and the beaker containing mudagar was raised slowly until contact between ¢goat
mucosa and the mucoadhesive tablet was establigh@teload of 10 mg was placed on the punch forie m
(preload time) to establish adhesion bonding betweacoadhesive tablet and pig stomach mucosa. feleagl
and preload time were kept constant for all forrtiates. After completion of preload time, preloadsw&moved
from the punch and the beaker assembly was lowstoedy. The weight at which the tablet was detacfieth the
mucoadhesive layer was noted as mucoadhesive 8tramggrams. From the mucoadhesive strength fotigwi
parameter was calculated.

Force of adhesion (N) = (Mucoadhesive strengtw9.81) / 1000
Bond strength (N/m2) = Force of adhesion (N) / Suafe area of tablet (m2)

Wash off test[17, 18]:

The mucoadhesive properties of the tablets wertuatetl by anin vitro, wash-off method using modified USP
tablet disintegration apparatus showrfigure 3 & 4. Pieces of stomach mucosa of pig were mounteth@mglass
slides provided with suitable support. The slidegenfixed to the arm of disintegration apparatushsihat height
from the bottom is 25mm at the down stroke anchathighest point the slide is 15 mm below the tigsurface.
After fixing of 2 tablets to this glass slide, ibw/tied to the arm of USP tablet disintegratioh apparatus and was
run at 37C. Time of detachment of both tablets was notedrdasvwash- off period

Optimization of the best formulation using Zfactorial designs:

A 2%factorial designs was used to study two factorf eadwo levels, i.e. actual values and coded &llibe ratio
of Carbopol to HPMC was considered as ‘Factor Ad #me ratio of HPMC to Sodium alginate was consdeas
‘Factor B’. Actual and coded levels for the factavere shown intable 6. A total of four experiments were
conducted according to the model and in order éotlse curvature effect, if any, the centre poingsernadded. The
total number of experiments was fivé =22 x 2 = 4 + 1 design at the centre as showfainle 7.

Invitro Drug release studies:

Invitro drug release studies of optimized Montektk&8odium mucoadhesive tablets M2 was performeaugusab
India 8 basket model, USP Type | dissolution appargbasket type). The baskets were completelyredveith
aluminium foil to prevent photolytic degradation stsown infig 10. The dissolution studies were performed for
duration of 8 hr using change over medium methadsd@ution was performed in 0.1N HCI for 4hrs andsw
continued upto 8hrs in 7.4 pH Phosphate bufferainirtg 0.5% SLS as dissolution medium. Sink condgiwas
maintained. Required dilutions were made using (HIN and 7.4 pH Phosphate buffer containing 0.5% @hd
the absorbance of the samples were measured aBnB87using Systronics Double beam UV Visible
Spectrophotometer.

RESULTS AND DISCUSSION
Formulation:

All the 15 Mucoadhesive formulation tablets weralaated for Swelling Index, Mucoadhesive Strengibrce of
Adhesion, Bond strength and Wash-off test.
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Swelling Index was found to be in the range of 84-(6b2.22%. Results showed that there is increatesi swelling
ratio with increase in the polymer concentrationoupome extent. Further increase in the polymercentmation
showed decrease in the swelling ratio due to obttmu caused by the polymers for the movement ofewa
molecules. Mucoadhesive Strength was found to Itleeimange of 18 — 38.6 gm, Force of Adhesion wasd to be
in the range of 0.17 - 0.378 N, Bond Strength veamdl to be in the range of 390.6 — 837.75 fResults showed
that there is an increase in the mucoadhesivegitrarpon increase in the viscosity. There is a ewhikcrease in
the viscosity of the polymer and bonding forces mitee polymers were used in combination rather thiaen used
alone. Combination of HPMC E15, Carbopol 934p aodi@n alginate showed greater bioadhesive prosediie
to increased number of hydroxyl and carboxy groWgash-off test was found to be in the range of d®te 3hr
53min. Based on the results Formulatieh0 with Swelling Index of 52.22 %, Force of Adhesioh0.378 N,
Mucoadhesive Strength of 38.6 gm, Bond strengt®33 75 N/m and Wash-off period of 3hr 53min waslected
for optimization.

Optimization:

Formulation F10 with good bio-adhesive propertieaswurther optimized using?2Factorial design. Four
formulations were prepared considering two factir levels. i.e. high level(+) and low level(tti formulation
was designed by considering midpoint. The optimifcechulations were evaluated for specific mucoadletests
like Swelling Index, Mucoadhesive Strength, Foréédhesion, Bond strength and Wash-off test. Swegllindex
was found to be in the range of 51.12 — 59.43 %c¢d-of adhesion was found to in the range of 0:276384 N,
Muczoadhesive strength ranges from 29.48 — 40 gmgdBatrength was found to be in the range 390.642:58
N/m=.

The results concluded that M2 with Swelling Ind&48%, Mucoadhesive Strength of 40 gm, Force ofesdin of
0.384 N, Bond Strength of 842.58 N/and Wash-off period of 4hr 10min was the best fdation.

TABLE 1: Formula of various polymer combinations ard their quantities

Materials F1 | F2 | F3 | F4| F5| F6| F7| F8| F9 F1Q0 F11 Fip 1B | F14| Fi5
Carbopol 10C | 75 | 5C - - - - - - 10C | 5C 25 50 | 10C | 25
HPMC E1f - - - 10C | 75 | 5C - - - 50 | 10C | 5C 25 | 25 | 10cC
Sodium alginate - - - - - - 100 7% 50 26 25 1p0 10(0 50
Lactose 395 420 445 395 420 445 395 420 445 P20 |32@0 | 320| 320[ 329
Magnesium stearate 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Total weight 500 | 500| 500f 504 50 500 500 500 5p0 HOO %00 KOO [5600 | 500

Table 2: Various parameters of mucoadhesive formutions

Tests F1 F2 F3 F4 F5 F6 F7 F8 F9 F1Q F11 F1p F13 4F1] F15
xva?igggn 500+ | 500 | 500+ | 500+ | 500+ | 500+ | 500+ | 500+ | 500+ | 500+ | 500 £ | 500+ | 500 + | 500 = | 500 *
(mg) 9.2 +00 0.1 8.3 7.6 8.4 9.2 7.9 5.4 6.3 7.1 8.6 9.0 6.2 4.3

Hardness 3+0. 3+#0.% 305 305 3+05 3#0.5 3405+:0.5| 3+0.5| 3+0.5| 3+0.5 3+0.5 3x05 305 3.

Friability 0.34 0.25 0.23 0.91] 0.81 0.88 0.23 0.250.21 0.32 0.21 0.23 0.37 0.24 0.21

Table 3: Swelling ratio of various formulations

Formulation | Swelling ratio
F1 14.08451
F2 13.8888!

F3 14.08451
F4 Disintegrated
F5 Disintegrated
F6 Disintegrated
F7 53.52113
F8 46.4788

F9 48.6111.
F10 22.22222
F11 22.53521
F12 39.43662
F13 31.94444
F14 23.6111:
F1t 28.1690:
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Table 4: Wash off period for various formulations

Formulation | Wash off period
F1 2hr 45min
F2 3hr 4min
F3 1hr 10min
F4 40 se
F5 2min 41sec
F6 4min 25sec
F7 2hrs
F8 22min
F9 1hr 38min
F1C 3hr 53mir
F11 2ht
F12 2hr 55min
F13 2hr 38min
F14 2hr 51min
F15 1hr 12min

Table 5: Mucoadhesive Strength of various formulabns

Formulation | Mucoadhesive Force of Bond strength
Strength (gm) | Adhesion (N) (N/m?)

F1 21+0.5 0.20601 455.7743
F2 25+1.2 0.24524 542.5885
F3 35+0.82 0.34331 759.6239
F4 18 + 0.65 0.1765¢ 390.663
F5 21 +0.73 0.2060: 455.774.
F6 20+1.13 0.1967 434.0708
F7 23 +0.53 0.22563 499.1814
F8 22.4+0.92 0.219744 486.1593
F9 24 +0.395 0.23544 520.885
Fac 38.6 £0.75 0.37866! 837.756!
F11 19.23+0.9 0.18864t 417.359.
F12 23+0.874 0.22568 499.1814
F13 36 +0.182 0.35316 781.3274
F14 22 +0.872 0.21582 477.4779
F15 19 £ 0.765 0.18639 412.3673

Table 6: Actual and Coded levels for the factors

Formula Actual Values | Coded Values
A B A B
M1 1:0.5 1:.0.5 -1 -1
M2 1:0.5 1:1 -1 +1
M3 1:1 1:0.5 +1 -1
M4 1:1 1:1 +1 +1
M5 1:0.75| 1:0.75 0 0

Table 7: Formulae for preparation of tablets using2® Factorial designs

Ingredients(wtinmg) | M1 | M2 | M3 | M4 | M5
Carbopol934p 1090 10 100 190  10p
HPMC E15 50| 50| 109 100 75
Sodium Alginate 25 50 500 10p 375
Lactose 320 295 245 195 2825
Magnesium Stearate 5 5 g g 5
Total Weight 500/ 500 500 50p 500
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Fig 2 representing differentiation between swellednd normal tablet

Fig 4: Sliced Portion of pig stomach for wash offast
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Fig 7: Modified electronic Balance with Hydraulic s/ringe system for measuring Mucoadhesive strengthf éablets
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DISSOLUTION TEST
APPARATUS

Fig 10 represents the Lablndia model USP type | d#®lution apparatus covered with aluminium foil to pevent degradation of
Montelukast sodium from light

CONCLUSION

The application of 2factorial designs was a significant model to abtiie effect of mucoadhesive polymers at
various factors and from optimization; it was cléaat formulation M2 showed maximum desired mucesdlre
nature.

From the results of optimization, it was clear that only the polymer combination but also thecaatf polymer
combination with each other highly influenced mutivesive nature.
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