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ABSTRACT

The main objective of the present work was to design a bucco-adhesive bilayered tablet which has
potential use in the treatment of Diabetes mellitus. A Bi-layered tablet (Core layer+ Backing layer)
containing hypoglycemic agent Glipizide, was formulated. A significant reduction in dose and dosing
frequency can be achieved, thereby reducing dose-dependent side effects, patient compliance & prolong
the duration of action. Tablets of Glipizide (20 mg) were prepared by direct compression method using
bioadhesive polymers like Sodium alginate, Carbopol 934P, HPMC K 100M, Polyvinylpyrrolidone
(PVP) in a different ratio. The core layer constituents were Glipizide (20mg), sodium alginate, HPMC
K100M, Carbopol 934P, Polyvinylpyrrolidone, Mannitol, Aspartame, Magnesium stearate. Ethyl
cellulose acts as backing layer which helps in preventing the back flow of the drug. Buccal tablets were
evaluated by different parameters such as thickness, hardness, weight uniformity, and content
uniformity, surface pH, ex vivo bioadhesive strength, in vitro drug release, and further studies. The
modified in vitro assembly was used to measure the bioadhesive strength of tablets with fresh sheep
buccal mucosa as a model tissue. The tablets were evaluated for drug release in pH 6.8 phosphate buffer
for 10 hr in standard dissolution apparatus. In order to determine the release Kinetics; the data was
subjected to Zero order, First order, Korsmeyer and Peppas diffusion model. The mechanism of drug
release was found to follow zero order kinetics with regression coefficient value 0.988.
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INTRODUCTION

The oral route is perhaps the most preferred route
among patient and the physician among various
drug delivery route. However, oral route has
several disadvantages such as hepatic first pass
metabolism and enzymatic degradation within
the GI tract, that prohibit oral administration of
certain classes of drugs especially peptides and
proteins. Therefore absorptive mucosa is
considered as potential sites for drug
administration.
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Transmucosal routes of drug delivery (i.e., the
mucosal linings of the nasal, rectal, vaginal,
ocular, and oral cavity) offer distinct advantages
such as possible bypass of first pass effect,
avoidance of pre-systemic elimination within the
Gl tract over oral administration for systemic
delivery.

The sites of drug administration in the oral cavity
include the floor of the mouth (sublingual), the
inside of the cheeks (buccal) and the gums
(gingival). In view of the systemic transmucosal
drug delivery, the buccal mucosa is a most
preferred region as compared to the sublingual
mucosa. One of the reasons is that buccal mucosa
is less permeable and is thus not able to elicit a
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rapid onset of absorption and hence better suited
for formulations that are intended for sustained
release action. Further, the buccal mucosa being
relatively immobile mucosa and readily
accessible, it makes it more advantageous for
retentive systems used for oral transmucosal drug
delivery?!.

Over the past few decades, the concept of use of
bioadhesive polymers to prolong the contact time
has gained remarkable attention in transmucosal
drug delivery. Adhesion as a process is simply
defined as the “fixing” of two surfaces to one
another. Bioadhesion may be defined as the state
in which two materials, at least one of which is
biological in nature, are held together for
extended periods of time by interfacial forces. In
the pharmaceutical sciences, when the adhesive
attachment is to mucus or a mucous membrane,
the phenomenon is referred to as mucoadhesion?.

To accomplish site-specific drug delivery, a lot
of interest has been turned on to the concept of
mucoadhesion, which encompasses a
pharmaceutical formulation incorporating
mucoadhesive hydrophilic polymers along with
the Active Pharmaceutical Ingredient (API). The
rationale being that the formulation will be *held’
on a biological surface for localized drug
delivery and the release of API will be close to
the site of action leading to enhanced
bioavailability®#. Over the years, mucoadhesive
polymers were shown to be able to adhere to
various other mucosal membranes. The
capability to adhere to the mucus gel layer which
covers epithelial tissues makes such polymers
very useful excipients in drug delivery®®.
Mucoadhesion is known to increase the intimacy
and duration of contact between drug- containing
a polymer and a mucous surface. It is believed
that the mucoadhesive nature of the device can
increase the residence time of the drug in the
body. The bioavailability of the drug is improved
because of the combined effects of the direct
drug absorption and the decrease in excretion
rate. Increased residence time and adhesion may
lead to lower API concentrations and lower
administration frequency to achieve the desired
therapeutic outcome’#,
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MATERIALS AND METHOD

Drug Glipizide was procured from BAL Pharma
Ltd, Bangalore whereas other excipients such as
Carbopol 934P, HPMC K100M, Sodium
alginate, PVP K 30, Mannitol, Ethyl Cellulose,
Magnesium stearate, Aspartame were procured
from KAPL, Bangalore. AIll reagents were
procured from S.D fine chemicals Ltd Mumbai
and were of analytical grade.

2.1. Identification:

Characterization of Glipizide was carried out
using following tests.

2.1.1. Study of Organoleptic properties:

A small quantity of pure Glipizide powder was
taken on a butter paper and viewed in well-
illuminated place for appearance and colour® °,

2.1.2. Determination of Melting point: Melting
point of Glipizide was determined by taking a
small amount of drug separately in a capillary
tube closed at one end and placed in a melting
point apparatus and the temperature at which
drug melts was recorded. This was performed in
triplicates and average value was reported.!

2.2. Drug-excipient compatibility study

Drug and excipient were thoroughly mixed in a
predetermined ratio and passed through the 40#
sieve. The blend was filled in transparent glass
vials and closed with gray rubber stoppers and
sealed with aluminum and kept into condition at
40°C/75 % RH for 4 weeks. Drug-excipients
compatibility studies were carried out using FT-
IR infrared spectrum. The study was carried out
on individual pure drug and its physical mixture
with the excipients used in the study. The
spectrum obtained was compared with the
reference spectrum of glipizide®2.

2.3. Formulation of Glipizide buccoadhesive
tablets: Buccal tablets composed of two layers a
core layer and backing layer. Core layer contains
drug Glipizide, different mucoadhesive polymers
and magnesium stearate as a lubricant. For the
preparation of core layer’s mixture all ingredients
such as Glipizide, polymers and magnesium
stearate as a lubricant and mannitol were mixed
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well by using mortar and pestle. The mixture
(100mg) was then compressed using an 8-mm-
diameter die in a single stroke multistation
machine. The upper punch was raised and the
backing layer of Ethyl Cellulose was placed on

the above compact; the two layers were then
compressed into a buccoadhesive bilayer tablet!*
13, Each tablet weighed 150 mg and the
compositions of Glipizide bilayer buccal tablets
were given in Table no.1

Table no 1: Composition of Glipizide buccoadhesive tablets

Ingredients (mg) Formulation code
F1 F2 | F3 F4 F5 F6 F7 F8
Glipizide 20 20 20 20 20 20 20 20
Carbopol 934 p 8 6 4 2 8 6 4 2
Sodium alginate 32 34 36 38 - - - -
HPMC K100M - - - - 32 34 36 38
PVP K 30 35 35 35 35 - - - -
Mannitol - - - - 35 35 35 35
Aspartame 2 2 2 2 2 2 2 2
Mg. Stearate 3 3 3 3 3 3 3 3
EC 50 50 50 50 50 50 50 50
Total weight in mg 150 150 150 150 150 150 150 150

* Mg.- Magnesium; PVP-Polyvinylpyrrolidone; EC- Ethyl Cellulose; HPMC-
Hydroxypropylmethyl Cellulose

2.4. PRE-COMPRESSION STUDIES:

2.4.1. Angle of Repose *?: Angle of repose was
determined using funnel method. The blend was
poured through a funnel that can be raised
vertically to a maximum cone height (h) was
obtained. The radius of the heap (r) was
measured and angle of repose was calculated
using the formula.

6 =Tan"1 {E]
r

Where 0 is the angle of repose, h is the height of
pile; r is the radius of the base of the pile.

2.4.2. Bulk Density 2 13: Apparent bulk density
(pb) was determined by pouring the blend into a
graduated cylinder. The bulk volume (Vb) and
weight of powder (M) were determined. The bulk
density was calculated using the formula.

pb=M/VO0
Where pb = bulk density,
M = weight of sample in grams

© Copyright reserved by IJPRS

VO = Apparent unstirred volume

2.4.3. Tapped Density!> 3: The measuring
cylinder containing known mass of blend was
tapped for a fixed time. The minimum volume
(Vt) occupied in the cylinder and weight (M) of
the blend was measured. The tapped density (pz)
was calculated using the following formula.

pt=M/Vf
Where, pt = Tapped density
M = weight of sample in grams
VT = final volume

2.4.4. Porosity'3: % Porosity is determined from
the ratio of the difference between bulk volumes
to true volume to that of bulk volume. The result
is reported in table

Porosity = [(Vb - Vp)/ Vb] x100.
Where Vb is the bulk volume and
Vp is the true volume.
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2.45. Carr’s index!3: The Carr’s index is
determined from the tapped density and poured
density (bulk density) The Carr’s Index was
calculated as per the formula.

Carr’s index (%) = [(TBD - LBD) x 100]/TBD

Where TBD is the total bulk density and LBD is
the loose bulk density

2.4.6. Hausner’s ratio: Hausner’s ratio is an
indirect index of ease of powder flow. It is
calculated by the following formula

Hausner’s ratio = pt/ pd

Where pt is tapped density and pd is bulk
density. Lower Hausner’s ratio (< 1.25) indicates
better flow properties than higher ones (>1.25).

2.5. POST COMPRESSION EVALUATION
PARAMETERS FOR FORMULATED
TABLETS!? 13:14;

2.5.1. Weight variation test: Twenty tablets
were weighed individually and all together.
Average weight was calculated from the total
weight of all tablets. The individual weights were
compared with the average weight. The
percentage difference in the weight variation
should be within the permissible limits (£7.5%).

The percentage deviation was calculated using
the following formula

Actual welight — Average weight

U Weight wariation = P _ ¥ 100
werage welg

2.5.2. Uniformity of thickness: The tablet
thickness was measured by placing tablet
between two arms of the digital vernier calipers.
Five tablets were randomly picked from each
formulation and the mean and standard deviation
values were calculated. It is expressed in mm.

2.5.3. Hardness: The hardness of the tablet from
each formulation was determined using
Monsanto hardness tester.

2.5.4. Friability: Friability of the tablets was
determined using Electro lab-EF 2 Friabilator.
This device subjects the tablets to the combined
effect of abrasion and shock in a plastic chamber
revolving at 25 rpm and dropping the tablets at a
height of 6 inches in each revolution. A pre-
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weighed sample of tablets was placed in the
friability and was subjected to 100 revolutions.
Tablets were dedusted using a soft muslin cloth
and reweighed. The friability (f) is given by the
formula.

4 Friability = 100

Where,
W = weight of the tablets before the test.
W= weight of the tablets after the test.

2.5.5. Uniformity of drug content: Five tablets
from each formulation were powdered
individually and a quantity equivalent to 100 mg
of Glipizide was accurately weighed and
extracted with a suitable volume of phosphate
buffer 6.8 pH. Each extract was suitably diluted
and analyzed spectrophotometrically at 274 nm.

2.5.6. Surface pH Study: The surface pH of the
buccal tablets was determined in order to
investigate the possibility of any side effects in
vivo. Highly acidic or alkaline pH may cause
irritation to the buccal mucosa. It was
determined to keep the surface pH as close to
neutral as possible. The tablet was allowed to
swell by keeping it in contact with 5 ml of
phosphate buffer containing agar medium (pH
6.8+£0.01) for 2 h at room temperature. The pH
was measured by bringing the electrode in
contact with the surface of the tablet and
allowing it to equilibrate for 1 min.

2.5.7. In vitro swelling studies: Tablets were
weighed individually (designated as Wi) and
placed separately in Petri dishes containing
phosphate buffer pH 6.8. At regular intervals
(0.5, 1, 2, 3, 4 h), samples were removed from
the Petri dish and excess water was removed
carefully by using filter paper. The swollen
tablets were reweighed (W-2). The swelling index
of each system was calculated using the
following formula:

Swelling Index (S.1) = [(W2-W1)/W1] x 100

Where, W1- initial weight of Tablet, W»- weight
of tablet at time t

2.5.8. In-Vitro Release Studies:
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The USP type Il rotating paddle method was
used to study the drug release from the bilayer
tablet. The dissolution medium consisted of 900
ml of phosphate buffer pH 6.8. The release study
was performed at 37 + 0.5°C, with a rotation
speed of 50 rpm. The backing layer of the buccal
tablet was attached to the glass slide with
cyanoacrylate adhesive. The tablet was placed at
the bottom of the dissolution vessel. Aliquots
(5ml each) were withdrawn at regular time
intervals and replaced with fresh medium to
maintain sink conditions. The samples were
filtered, with appropriate dilutions with
phosphate buffer pH 6.8 and were analyzed
spectrophotometrically at 274 nm.

2.5.9. Data Analysis (Curve fitting analysis)

The results of in vitro release profiles obtained
for all the BDDS formulations were
fitted into four models of data treatment as
follows:

a. Cumulative percent drug released versus time
(zero order kinetic model).

b. Log cumulative percent drug remaining
versus time (First-order kinetic model).

c. Cumulative percent drug released versus
square root of time (Higuchi’s model).

d. Log cumulative percent drug released versus
log time (Korsmeyer-Peppas equation).

2.6. Ex vivo Bioadhesive strength!®: A
modified physical balance method was used for
determining the ex vivo buccoadhesive strength.
Fresh sheep buccal mucosa was obtained from a
local slaughterhouse and used within 2h of
slaughter.The mucosal membrane was separated
by removing underlying fat and loose tissues.
The membrane was washed with distilled water
and then with phosphate buffer pH 6.8. The two
sides of the balance were made equal before the
study, by keeping a 5 g saliva solution at 37°C.
The Sheep buccal mucosa was cut into pieces
and washed with phosphate buffer pH 6.8. A
piece of buccal mucosa was tied to the glass vial,
which was filled with phosphate buffer.

The glass vial was tightly fitted into a glass
beaker (filled with phosphate buffer pH 6.8 at
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37+1°C) so that it just touched the mucosal
surface. The buccal tablet was stuck to the lower
side of a rubber stopper with cyanoacrylate
adhesive and add weight to the right-hand pan. A
weight of 5 g was removed from the right-hand
pan which lowered the pan along with the tablet
over the mucosa. The balance was kept in this
position for 5 minutes contact time. The water
(equivalent to weight) was added slowly to an
infusion set (100 drops/min) to the right-hand
pan until the tablet detached from the mucosal
surface. This detachment force gave the
mucoadhesive strength of then buccal tablet in
grams.

Force of adhesion (N) = (Bioadhesive strength
(9) x9.8)/1000

Bond strength (N
adhesion/surface area.

m?) = Force of
2.7. Ex vivo mucoadhesion time!*'®: The Ex
vivo mucoadhesion time was examined after
applying mucoadhesive tablet on the freshly cut
bovine oral mucosa. The fresh bovine oral
mucosa was tied on the glass slide and a
mucoadhesive core side of each tablet was wet
with 1 drop of phosphate buffer (pH 6.8) and
posted to the bovine oral mucosa by applying a
light force with a fingertip for 30 seconds. The
glass slide was then put in the beaker, which was
filled with 200 ml of the phosphate buffer and
kept at 37°C + 0.5°C. After 2 minutes, a slow
stirring rate was applied to stimulate the oral
mucosal cavity environment and tablet adhesion
was monitored for 20 hours. The time for the
tablet to detach from the bovine mucosa was
recorded as the mucoadhesion time.

2.8. Stability studies®®

e Stability of a drug has been defined as the
ability of a particular formulation, in a specific
container, to remain within its physical,
chemical, therapeutic and toxicological
specifications.

e The purpose of stability testing is to provide
evidence on how the quality of a drug
substance or drug product varies with time
under the influence of a variety of
environmental factors such as temperature,
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humidity and light and enables recommended
storage conditions, re-test periods and shelf
lives to be established.

The present study, stability studies were carried
out at 40°C /75 % RH for a specific time period
up to 3 months for the selected formulations.

RESULTS AND DISCUSSION

3.1.1 Description data of Glipizide:
Table No 2: Description of Glipizide

Name Glipizide

C21H27Ns04S

(o]
O/

Formula and

0, {? .
Structure Hn}g O\/\NHL["\
e

Molecular Weight 445.54
Appearance Amorphous solid
Color White
Odour Odourless
Taste Characteristic taste

3.1.2 Melting point determination of Glipizide

Melting point of Glipizide was found to be 209°%

3.2: Drug-excipients compatibility study:

A)

[} sHiMADZU

KARNATAKA ANTIBIOTICS AND PHARMACEUTICALS LTD
QUALITY CONTROL DEPARTMENT

Glipizide pure dug

4000 3500 3000 2600 2000 1750 1500 250 1000 750 500
Gpizide pure drug

Figure No. 1: FTIR spectrum of Glipizide

3.4 Evaluation of mucoadhesive tablets of
Glipizide:

a.) Pre-compression Evaluation:

Table No 3: List of pre-compression parameters for F1 to F8

* All values are expressed as mean + standard deviation, n=3.

Forgg:ja;lon Bulk density | Tapped density A;zggesgf Carr’s index Ha;;ggr >
F1 0.433+0.02 0.496+0.03 25.94+0.73 12.65+2.25 1.145+0.03
F2 0.420£0.01 0.463+0.006 25.25+0.36 9.32+3.16 1.103+0.04
F3 0.453+0.025 0.536+0.025 28.21+0.29 15.54+1.19 1.184+0.02
F4 0.450+0.01 0.51+0.017 27.87+0.40 11.69+3.61 1.126+0.05
F5 0.410£0.01 0.457+0.025 25.1740.34 10.87+2.84 1.113+0.04
F6 0.443+0.015 0.517+0.032 26.78+0.63 14.21+1.11 1.165+0.01
F7 0.406+0.02 0.47+0.01 29.9310.46 13.47+2.48 1.156+0.03
F8 0.413+0.02 0.477+0.015 28.21+0.27 14.23+3.22 1.154+0.02

3.4.1. Angle of repose: Flow property of the
powder, and resistance offered to the movement
of the particle can be judged by angle of repose.
The angle of repose provides a qualitative and
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quantitative assessment of internal cohesive and
frictional force under low level of external load
applied during mixing and tableting. The data
obtained from the angle of repose for all the

37



Preparation and Evaluation of Bilayered Buccal Tablet of Glipizide.

formulations were found to be in the range of
25.17° and 29.93°. All the formulations showed
the angle of repose less than 30° which reveals
good flow property.

3.4.2. Bulk density & tapped density: Bulk
density and tapped density for the blend was
performed. Bulk density was found in the range
of 0.406 gm/cm® to 0.453 gm/cm?®. Tapped
density is between 0.457 gm/cm® to 0.517
gm/cm?,

3.4.3. Carr’s consolidation index: The results
of Carr’s index or compressibility index (%) for

3.5. Post compression parameters evaluation:

the entire formulation blend ranged from 9.32 %
to 15.54 %. Hence the prepared blends possessed
good flow properties and these can be used for
tablet manufacture.

3.4.4. Hausner’s Ratio: The powder blends for
the formulations from F1 to F8 had Hausner’s
factor values which were in the range of 1.10 to
1.18 indicating good flowability. Lower
Hausner’s ratio (<1.25) indicates better flow
properties than higher ones (>1.25).

Table No 4: List of post-compression parameters for F1 to F8

Formulation Thickness * Hardness * Friability™ | Weight variation | Drug content
Code [mm] [ka/cm?] [%] [mg] (%)*

F1 2.08 £0.05 3.58+0.728 0.65+0.05 148.1+ 0.85 100.63+0.37
F2 2.03+£0.10 4.25+ 0.155 0.72+0.08 149.7 £ 1.74 98.91+0.43
F3 2.06 £0.15 4.56x 0.114 0.81+0.03 150.03+0.02 101.34+0.95
F4 2.04+£0.16 4.9+ 0.138 0.82+0.01 148.02+0.36 99.63+0.37
F5 2.07+£0.14 3.41+0.121 0.66+0.08 150.05£1.51 97.1+0.69
F6 2.06 £0.20 3.82+ 0.143 0.71+0.06 149.08+1.18 98.55+0.37
F7 2.04+0.08 4.24+0.545 0.76x0.02 148.06+0.95 98.5+0.02
F8 2.00£0.00 4.56%0.023 0.79+0.06 150.2+0.99 99.0+0.05

3.5.1. Weight variation: Prepared tablets were
evaluated for weight variation and percentage
deviations from the average weight are reported
in table 4 and were found to be within the
prescribed official limits.

3.5.2. Thickness test: The thickness of the tablet
indicates that die fill was uniform. The thickness
depends upon the size of the punch (8 mm) and
the weight of the tablet (150 mg). The thickness
of the tablets was measured by using by picking
the tablets randomly. The mean values were
shown in the Table no.4. The thickness of the
tablets was found in the range from 2.00 mm to
2.08 mm.

3.5.3. Hardness test: Randomly picked tablets
were subjected to test the hardness using
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Monsanto hardness tester. The results were given
in Table no.4. Hardness for all formulation
batches prepared by direct compression was
found to be between 3.41 to 4.9 Kg / cm?.

3.5.4. Friability test: Friability is needed for
tablets to withstand the force of compression
applied during the manufacture of tablets. The
friability of all the formulated tablets of Glipizide
was found to be between 0.65 to 0.82 are
reported in Table no.4 and all the formulated
tablets of Glipizide were shown the % friability
within the official limits. (i.e., not more than
1%).

3.5.5. Drug content: The drug content of all the
nine formulations of Glipizide tablets were found
to be within the range of 97.1 to 100.6%. The
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drug content of all the formulations of Glipizide
buccoadhesive bilayered tablets was shown in

Table no.4.

Table No 5: List of post-compression parameters for F1 to F8

. * Swelling Bioadhesive Mucoadhesive
AL Co: SIS (fla index(8hrs) strength(gm) time(hrs)
F1 6.77+0.061 93.26 7.52 12.43
F2 6.73+0.030 86.81 6.84 12.02
F3 6.62+0.026 79.62 6.12 11.42
F4 6.79+0.040 71.10 5.71 10.74
F5 6.56+0.065 89.21 7.25 12.52
F6 6.77+0.066 86.41 6.68 12.21
F7 6.77+0.061 78.56 5.97 11.24
F8 6.56+0.066 70.65 5.45 10.14

3.5.6. Surface pH: Considering the fact that
acidic or alkaline pH may cause irritation to the
buccal mucosa and influence the rate of
hydration of the polymers, the surface pH of the
tablets was determined. The observed surface pH
of the formulations was found to be in the range
of 6.56+0.061 to 6.79+0.040. From the results, it
was found that there is no significant difference
of surface pH in all the formulations and the pH
range lies within the range of salivary pH i.e. 6.5
to 6.8, hence do not cause irritation and achieve
patient compliance. The results were shown in
Table No: 5

3.5.7. Swelling index: Swelling index of all
formulations of Glipizide tablets were found to
be within the range of 70.65 to 93.26 (in 8 hrs).
Swelling property of tablets increased with
increase in Carbopol 934P concentration.The
swelling index of all the formulations of
Glipizide buccoadhesive bilayered tablets was
shown in Table no. 5.

3.6. Ex vivo bioadhesive strength: Bioadhesion
strength measurements of tablets were found to
be within the range of 5.45 to 7.52 and it
indicates that the bioadhesive strength was
proportional to  carbopol content. The
bioadhesion strength of all the formulations was
shown in Table no.5.

3.7. Mucoadhesion time: Mucoadhesion time of
all formulations of Glipizide tablets were found
to be within the range of 10.14 to 12.43 hrs. The
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mucoadhesive time for all the formulations of
Glipizide buccoadhesive tablets was shown in
Table.no.5.

Invitro drug release profiles of formulations using sodium
alginate as mucoadhesive polymer

¢ 60

0 2 4

Timeﬁlhrs) § 10 u

Figure No. 2: Release profile of Glipizide buccal
tablets containing Sodium Alginate as a
Mucoadhesive polymer

Invitro drug release profiles of formulations using

120 - HPMC K 100 M asa mucoadhesive polymer

% 100
30

C 6
D 4
R 20

Times (hrs)
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Figure No. 3: Release profiles of Glipizide
buccal tablets containing HPMC K 100 M as a

Mucoadhesive polymer

Table No 6: Release profile of Glipizide buccal tablets for all formulations F1-F8

Time Percentage cumulative drug release

[hrs] F1 F2 F3 F4 F5 F6 F7 F8
0 0 0 0 0 0 0 0 0
1 12.94 15.26 16.63 18.73 13.89 15.26 17.57 18.73
2 26.96 27.80 28.86 27.81 23.27 24.96 26.75 27.81
3 33.83 37.73 38.47 38.68 33.83 36.57 38.04 38.63
4 40.60 44,19 48.09 50.41 43.44 47.98 51.35 50.09
5 48.33 54.24 60.98 62.15 54.02 56.66 64.56 65.26
6 57.44 69.04 71.52 78.21 66.29 68.66 76.53 79.59
7 65.82 78.69 82.81 97.56 75.52 80.06 93.67 91.25
8 74.84 90.36 96.49 - 86.97 95.83 - -
9 85.87 98.04 - - 96.44 - - -
10 97.65 - - - - - - -

Table no.6

3.71 In vitro dissolution  studies: Total Eight formulations were formulated F1 to

Dissolution rate was studied by using USP
type-11 apparatus (USP XXIII Dissolution
Test Apparatus at 50 rpm) using 900ml of
phosphate buffer pH 6.8 medium. The
temperature of the dissolution medium was
maintained at 37+0.5°C, an aliquot of
dissolution medium was withdrawn at every
1 hr. interval. The absorbance of the solution
was measured by UV spectrophotometric
method at 274 nm and concentration of the
drug was determined from the standard
calibration curve.The results obtained in the
in vitro drug release for the formulations F1
to F4 are tabulated in Fig. 2 and for the
formulations, F5 to F8 are tabulated in Fig. 3
and all formulations F1-F8 were tabulated in

F8 by wusing different polymers in varying
concentrations i.e., in different ratios. The
formulations F1-F4 were formulated using
Sodium alginate and Carbopol 934p in different
ratios.  The formulations F5 to F8 were
formulated using Carbopol 934p and HPMC
K100M.

Among those eight formulations, F1 showed
highest drug release of 97.65 %. The data for in
vitro drug release of formulations was shown in
Tables 6.

3.7.2 Drug Release Kinetic Models

Table No 7: Drug-release profile of the optimized
formula F1

Time VT L % Cumulative Log % cumulative % Drug Cumulative | Log % drug Cumulative
og T e L

(Hrs) release release drug remaining drug remaining

0] 0 0 100 2

1 1 0 12.94 1.111 87.06 1.939

2 1.414 0.301 26.96 1.4307 73.04 1.863

3 1.732 0.477 33.83 1.529 66.17 1.820

4 2 0.602 40.60 1.608 59.4 1.773

5 2.236 0.698 48.33 1.684 51.67 1.713

6 2.449 0.778 57.44 1.759 42.56 1.629

7 2.645 0.845 65.82 1.818 34.18 1.533

8 2.828 0.903 74.84 1.874 25.16 1.400

9 3 0.954 85.87 1.933 14.13 1.150

10 3.162 1 97.65 1.989 2.35 0.371
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Table No 8: kinetics of drug release

. . . Korsmeyer
_ Zero order Higuchi Model First order Peppa’s Model
Formulation R? R2 R2 R?
F1 0.988 0.933 0.750 0.958

Kinetics modeling of drug dissolution profiles:
In vitro release study data of optimized
formulation F1 is fitted into various
mathematical models i.e. Zero order, First order,
Higuchi model, Korsmeyer Peppas to determine
the best-fit model. The release was found to
follow zero order with regression coefficient
value 0.988.

3.8 STABILITY STUDIES:

The optimized formulation F1 was subjected to
stability studies at 25 + 2 °C and 60 + 5 % RH,
40°C £ 2 °C /75% RH £ 5% and 2-8 °C for 3
months and analyzed for Physical appearance
and physicochemical evaluation parameters like
Thickness, Hardness, % Friability, Drug content,
% CDR and Bioadhesive strength.

Table No 9: Physicochemical evaluation of formulation F1 after stability studies.

Time indaysand | Thickness | Hardness % % Drug % CDR Bioadhesive
Condition (mm) Kg/cm? Friability Content 0 strength

25+2°C

60 +5% RH 2.03 3.57 0.61 99.20 96.10 7.37
40+ 2°C

30 | 75+59% RH 2.06 3.54 0.63 98.64 95.95 7.48

2-8°C 2.01 3.58 0.65 99.20 96.65 7.45
25+2°C

60 + 5 % RH 1.98 3.67 0.67 98.64 92.72 7.31
40+2°C

60 7506 +5 RH 1.96 3.71 0.71 98.06 91.54 7.39

2-8°C 2.03 3.56 0.65 98.92 93.01 7.42
25+2°C

60 + 5 % RH 1.96 3.74 0.61 98.64 90.32 7.25
40+ 2°C

90 | 75 +5 % RH 1.97 3.41 0.59 97.20 88.12 7.36

2-8°C 1.95 3.53 0.59 98.06 89.08 7.34

Stability studies: The promising formulation F1
was subjected to short-term stability study by
storing the formulations at 25 + 2 °C and 60 + 5
% RH, 40°C £ 2°C /75+ 5 % RH and 2-8 °C for 3
months.

The tablets were withdrawn periodically and
evaluated for different parameters like Thickness,
Hardness, %Friability, % Drug content and Drug

© Copyright reserved by IJPRS

release studies and Bioadhesive strength. These
parameters were evaluated at zero month, 1st
month, and 2nd month and 3rd-month intervals.

The formulation showed there were no many
significant changes in the values. The data
obtained were tabulated in Table no.9. From
those results, it was concluded that formulation
F1 was stable and retained their properties.
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CONCLUSION

The main objective of the present study was to
develop buccal bilayered formulations containing
20 mg of Glipizide by using mucoadhesive
polymers like Sodium alginate, Carbopol 934p,
HPMC K100M, PVP K30, Mannitol by direct
compression method which can enhance the
bioavailability of the drug. The 8 batches of
prepared buccal tablets were evaluated for
various parameters and compared to all
formulations, F1 containing Sodium alginate and
Carbopol in the ratio of 4:1 showed the better
mucoadhesive time, highest swelling index,
better-controlled drug release and better
bioadhesive strength.

On the basis of above result, the prepared
bilayered buccal tablet can be used as a potential
candidate for the treatment of diabetes mellitus.

ACKNOWLEDGEMENT

Authors are thankful to the principal KIET
school of Pharmacy Ghaziabad for providing the
best research facilities available for conducting
the research work. Authors are also thankful for
the support provided by Quality Control
Department Karnataka  Antibiotics  and
Pharmaceuticals Limited. There is no any
conflict of interest among the authors regarding
the submission of the manuscript.

REFERENCES

1. Hoogstraate, J. A., & Wertz, P. W. (1998).
Drug delivery via the buccal mucosa.
Pharmaceutical Science & Technology
Today, 1(7), 309-316.

2. Smart, J. D. (2005). The basics and
underlying mechanisms of mucoadhesion.
Advanced drug delivery reviews, 57(11),
1556-1568.

3. Andrews, G. P., Laverty, T. P., & Jones, D.
S.  (2009). Mucoadhesive  polymeric
platforms for controlled drug delivery.
European Journal of Pharmaceutics and
Biopharmaceutics, 71(3), 505-518.

© Copyright reserved by IJPRS

4.

10.

11.

12.

13.

Bernkop-Schnirch, A. (2005). Mucoadhesive
polymers: strategies, achievements and future
challenges. Advanced drug delivery reviews,
57(11), 1553-1555.

Huang, Y., Leobandung, W., Foss, A., &
Peppas, N. A. (2000). Molecular aspects of
muco-and bioadhesion:: Tethered structures
and site-specific surfaces. Journal of
controlled release, 65(1), 63-71.

Ch'Ng, H. S., Park, H., Kelly, P., &
Robinson, J. R. (1985). Bioadhesive
polymers as platforms for oral controlled
drug delivery Il: synthesis and evaluation of
some swelling, water-insoluble bioadhesive
polymers. Journal of pharmaceutical
sciences, 74(4), 399-405.

Ahuja, R.K. Khar, J. Ali. Mucoadhesive drug
delivery systems. Drug Dev. Ind. Pharm.
1997; 23 (5): 489-517.

Mathiowitz, E., Chickering, D. E., & Lehr, C.
M. (Eds.). (1999). Bioadhesive drug delivery
systems: fundamentals, novel approaches,
and development. CRC Press.

Lee, J. W., Park, J. H.,, & Robinson, J. R.
(2000). Bioadhesive-based dosage forms: The
next generation. Journal of Pharmaceutical
Sciences, 89(7), 850-866.

Roy, S., Pal, K., Anis, A., Pramanik, K., &
Prabhakar, B. (2009). Polymers in
mucoadhesive drug-delivery systems: a brief
note. Designed monomers and polymers,
12(6), 483-495.

Asane, G. S., Nirmal, S. A, Rasal, K. B.,
Naik, A. A., Mahadik, M. S., & Rao, Y. M.
(2008). Polymers for mucoadhesive drug
delivery system: a current status. Drug
development and industrial pharmacy,
34(11), 1246-1266.

Yadav, V. B., & Yadav, A. V. (2009).
Comparative ~ Tabletting  behavior  of
Carbamazepine granules with spherical
agglomerated crystals prepared by spherical
crystallization technique. Int J Chem Tech
Res, 1, 476-82.

Shinde, S. N., Magdum, S. S., Shekhar, B.,
Waikar, M. R. M., & Chandak, K. K. (2010).
Development and evaluation of floating

42



Preparation and Evaluation of Bilayered Buccal Tablet of Glipizide.

tablets of salbutamol sulphate. 1JPRD, 2(5),
1-7.

14. Mahalaxmi, D., Senthil, A., Prasad, V.,
Sudhakar, B., & Mohideen, S. (2010).
Formulation and evaluation of mucoadhesive
buccal tablets of glipizide. Int J Biopharm,
1(2), 100-7.

15. Kumar, P. S., Srikanth, B., Satyanarayana, T.,
Shaji, G., Krishnan, S. N., Saranya, P., &
Pradesh, A. (2011). Formulation and
evaluation of nebivolol mucoadhesive buccal
tablet. Pharmacologyonline, 3, 869-885.

HOW TO CITE THIS ARTICLE

Sharma, S., Karakambadi, Y., Alam, S. (2017). Preparation and Evaluation of
Bilayered Buccal Tablet of Glipizide. International Journal for Pharmaceutical
Research Scholars (1JPRS), 6(2), 32-43.

© Copyright reserved by IJPRS

43



