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ARTICLE INFO ABSTRACT

Key words: In the present study buccal tablets were formulated by using ethyl

cellulose as backing membrane. From the foregoing investigation it
Buccal Tablet, may be conclude that the release rate of drug from the buccal tablets
Nebivolol, can be governed by the polymer and concentration of the polymer
HPMC employed in the pr'eparqtion of tablets. Regu}at@d drug release in first
Carbop,al. order manner attained in the currentstudy indicates that the hydro-

philic matrix tablets of Nebivolol was prepared using Carbopol 934
and HPMC K100 can successfully be employed as a buccoadhesive
controlled released during delivery system. The precompression
blend foe all formulations were subjected to various evaluation pa-
rameters and the results were found to be within limits. The post
compression parameters for all the formulations also found to be
within limits. Slow, controlled and complete release of Nebivolol
over a period of 9 hours was obtained from matrix tablets formulated
employing HPMC K 100 (F5 Formualtion) with 97.62 % drug re-
lease.

INTRODUCTION:

The primary objectives of mucoadhesive
dosage forms are to provide intimate contact of
the dosage form with the absorbing surface and
to increase the residence time of the dosage
form at the absorbing surface to prolong drug
action. Due to mucoadhesion, certain water-
soluble polymers become adhesive on hydra-
tion and hence can be used for targeting a drug
to a particular region of the body including the
buccal mucosa, gastrointestinal tract, the uro-
gential tract, the airways, the ear, nose and eye.
These represent potential sites for attachment of
any mucoadhesive system and hence, the mu-
coadhesive drug delivery system may includes,

» Buccal delivery system

> QGastrointestinal delivery system
» Nasal delivery system

» Ocular delivery system

» Vaginal delivery system
» Rectal delivery system

Buccal Delivery System

The unique environment of the oral cavity
offers its potential as a site for drug delivery.
Because of the rich blood supply and direct
access to systemic circulation, the oral mucosal
route is suitable for drugs, which are suscepti-
ble to acid hydrolysis in the stomach or which
are extentensively metabolized in the liver (first
pass effect). The total area of the oral cavity is
about 100 cm”. Out of this about one third is
the buccal surface, which is lined with an epi-
thelium of about 0.5 mm thickness. The oral
mucosal surface is constantly washed by the
saliva (daily turn out is about 0.5 to 2 liters).
The continuous secretion of saliva results in
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rapid removal of released drug. Conversely, the
thin mucin film, which exists on the surface of
the oral mucosa, may provide an opportunity to
retain a drug delivery system in contact with
the mucosa for prolonged periods if it is de-
signed to be mucoadhesive. Such systems en-
sure a close contact with absorbing membrane,
thus optimizing the drug concentration gradient
across the biological membrane and reducing
the diffential pathway. Therefore, the buccal
(oral) mucosa may be a potential site for con-
trolled or sustained drug delivery. Drug deliv-
ery via the membranes of the oral cavity is tra-
ditionally divided into three categories, Buccal
delivery, which infers drug administration
through the lining of the cheek to the systemic
circulation. Sublingual delivery, which infers
drug administration through the administration
of drug via membranes of the floor of the
mouth for the systemic circulation. Local deliv-
ery to mouth, which involves treatment condi-
tions within the oral cavity by administration to
the affected mucosal tissues. These sites for
delivery differ in both structure and composi-
tion as well as in degree of permeability and
therefore, also vary in their ability to retain a
delivery for a desired length of time.

Delivery through Buccal Mucosa

Administration of a drug via the buccal
mucosa (the lining of the cheek) to the systemic
circulation is defined as buccal delivery. De-
spite, the buccal mucosa is significantly less
permeable than the sublingual mucosa and usu-
ally not able to provide rapid drug absorption or
good bioavailability; it is relatively more per-
meable than the skin and also offers other ad-
vantage over alternative delivery routes. The
fact that the buccal mucosa is less permeable
than sublingual floor makes it more desirable
site for sustained drug delivery. Apart from
avoiding enzymatic degradation and first pass
metabolism, the non acidic conditions and lipo-
philic nature of the buccal tissue provide poten-
tial and promises for successful delivery of
peptide and proteins.

The various strategies Employed for Buccal
Delivery

% Bio adhesive Buccal Tablets
% Bio adhesive buccal Gels
% Bio adhesive Buccal Patches

Bioadhesive Buccal Tablets

Bioadhesive tablets are immobilized drug
delivery systems. They can be formulated into
monolithic, partially coated or multi-layered
matrices. Monolithic tablets are easy to manu-
facture by conventional techniques and provide
for the possibility of loading large amount of
drug. In case of bi-layered tablets, drug can be
incorporated in the adhesive layer, which
comes in contact with the mucosal surface. This
drug containing mucoadhesive layer is then
protected from the oral cavity environment by a
super upper inert layer (backing layer), which
faces into the oral cavity.

Bioadhesive Buccal Patches

Adhesive patches can be designed
either for unidirectional release into the oral
mucosa or for bi-directional release into the
oral cavity as well as into the oral mucosa. The
adhesive part of the system can be used as drug
carrier or as an adhesive for the retention of a
drug loaded non-adhesive layer. In this respect,
a peripheral adhesive ring could be casted. The
use of an impermeable backing layer will max-
imize the drug concentration gradient and pro-
long adhesion because the system is protected
from saliva.

Bioadhesive buccal Gels

Viscous adhesive gels have been designed
for local therapy using polyacrylic acid and
polymethacrylate as gel forming polymers.
Gels are reported to prolong residence time on
the oral mucosa to a significant level. This not
only improves absorption but also allows for
sustained release of the active principle.

Delivery through Sublingual Mucosa

Sublingual delivery traditionally involves
systemic administration of drug via membranes
of the floor of the mouth or the ventral surfaces
of the tongue. The sublingual mucosa is rela-
tively permeable due to thin membrane and
large veins, hence allows rapid absorption and
acceptable bioavailability of many drugs.
Moreover, the sublingual mucosa is a smooth
surface and, free of mucous and undigested
food, therefore, it is conveniently accessible for
application of dosage forms.
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Local Delivery to Mouth

Local delivery to mouth includes any
system that is applied to the oral mucous mem-
brane in order to treat conditioning of the
mouth such as periodontal diseases, gingivitis,
oral candidisis and other chronic lesions or top-
ical fungal infections. Traditional methods of
delivery to the diseased site include chewing
gums, mouthwashes, ointments and gels. How-
ever, these suffer a common disadvantage in
that they all have relatively short residence
times and therefore, fail to maintain therapeutic
concentrations for long enough to affect the
bacterial population.

METHODOLOGY
Preformulation studies:

The goals of the preformulation study are:

R/

¢ To establish the necessary physico-
chemical characteristics of a new drug
substance.
+» To determine its kinetic release rate pro-
file.
« To establish its compatibility with dif-
ferent excipients.

Hence, preformulation studies on the
obtained sample of drug include colour, taste,
solubility analysis, melting point determination
and compatibility studies and flow properties.

Estimation of Nebivolol:

A) Determination of  Amax of Nebivolol in
phosphate buffer pH 6.8 solution:

Weighed amount of Nebivolol is dis-
solved in phosphate buffer pH 6.8 to obtain a
1000 mcg/ml solution. This solution was sub-
jected to scanning between 200-400 nm and
absorption maximum was determined. The ef-
fect of dilution on absorption maxima was
studied by diluting the above solution tol0
mcg/ml and scanned from 200-400 nm. From
the spectra of drug max of Nebivolol 216 nm
was selected for the analysis. The calibration
curve was prepared in the concentration range
of 2-12 pg/ml at 216 nm. By using the calibra-
tion curve, the concentration of the sample solu-
tion can be determined.

B) Standard calibration curve of Nebivolol
in phosphate buffer pH 6.8 solution:
Standard Stock Solution: A stock solution
containing 1mg/ml of pure drug was prepared

by dissolving 100 mg of Nebivolol in sufficient
phosphate buffer pH 6.8 to produce 100 ml so-
lution in a volumetric flask.

Stock solution: From the standard stock solu-
tion, 5 ml of the stock solution was further di-
luted to 50 ml with phosphate buffer pH 6.8
into a 50 ml volumetric flask and diluted up to
the mark with phosphate buffer pH 6.8. Ali-
quots of 0.2, 0.4, 0.6, 0.8, 1 and 1.2 ml of stock
solution were pipette out into 10ml volumetric
flasks. The volume was made up to the mark
with phosphate buffer pH 6.8. These dilutions
give 2, 4, 6, 8, 10 and 12 mcg/ml concentration
of Nebivolol respectively. The absorbance was
measured in the UV-Visible spectrophotometer
at 216 nm using distilled water as blank and
graph of concentration versus absorbance was
plotted. The absorbance data for standard cali-
bration curves are given.

Preformulation parameters

The quality of tablet, once formulated
by rule, is generally dictated by the quality of
physicochemical properties of blends. There are
many formulations and process variables in-
volved in mixing and all these can affect the
characteristics of blends produced. The various
characteristics of blends tested as per Pharma-
copoeia.

Angle of repose:

The frictional force in a loose powder
can be measured by the angle of repose. It is
defined as, the maximum angle possible be-
tween the surface of the pile of the powder and
the horizontal plane. If more powder is added to
the pile, it slides down the sides of the pile until
the mutual friction of the particles producing a
surface angle, is in equilibrium with the gravita-
tional force.

Bulk density:

Density is defined as weight per unit
volume. Bulk density, is defined as the mass of
the powder divided by the bulk volume and is
expressed as gm/cm’. The bulk density of a
powder primarily depends on particle size dis-
tribution, particle shape and the tendency of
particles to adhere together. Bulk density is very
important in the size of containers needed for
handling, shipping, and storage of raw material
and blend.
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Tapped density:

After carrying out the procedure as giv-
en in the measurement of bulk density the cyl-
inder containing the sample was tapped using a
suitable mechanical tapped density tester that
provides 100 drops per minute and this was re-
peated until difference between succeeding
measurement is less than 2 %

Measures of powder compressibility:

The Compressibility Index (Carr’s In-
dex) is a measure of the propensity of a powder
to be compressed. It is determined from the bulk
and tapped densities. In theory, the less com-
pressible a material the more flowable it is. As
such, it is measures of the relative importance of
interparticulate interactions. In a free- flowing
powder, such interactions are generally less sig-
nificant, and the bulk and tapped densities will
be closer in value.

Method of Preparation of mucoadhesive
Tablets:
Buccoadhesive bilayered Tablets:

Preparation: Direct compression method has
been employed to prepare buccal tablets of
Nebivolol using HPMC K15, HPMC K100, and
CARBOPOL 934 as polymers.

Procedure: All thae ingredients including
drug, polymer and excipients were weighed
accurately according to the batch formula (Ta-
ble-6.1). All the ingredients except lubricants
were mixed in the order of ascending weights
and blended for 10 min in an inflated polyeth-
ylene pouch. After uniform mixing of ingredi-
ents, lubricant was added and again mixed for 2
min. The prepared blend (230 mg) of each for-
mulation was pre-compressed,on multi sta-
tioned tablet punching machine at a pressure of
0.5 ton for 30 s to form single layered flat-faced
tablet of 9 mm diameter. Then, 50 mg of ethyl
cellulose powder was added and final compres-
sion was done at a pressure of 3.5 tons for 30 s
to get bilayer tablet. Compositions of the de-
signed bilayer tablets are given.

Evaluation of muco adhesive buccal tab-
lets of Nebivolol:

1. Hardness test: Tablets require a certain
amount of strength, or hardness and resistance
to friability, to withstand mechanical shocks of

handling in manufacture, packaging and ship-
ping. The hardness of the tablets was deter-
mined using Monsanto Hardness tester. It is

expressed in Kg/cmz. Three tablets were ran-
domly picked from each formulation and the
mean and standard deviation values were cal-
culated.

2. Thickness

The thickness of three randomly se-
lected tablets from each formulation was de-
termined in mm using a Screw gauge.

3. Friability test:

It is the phenomenon whereby tablet
surfaces are damaged and/or show evidence of
lamination or breakage when subjected to me-
chanical shock orattrition. The friability of tab-
let was determined by using Roche Friabilator
as per IP procedure of friability.

4. Uniformity of weight:

The weight variation test was per-
formed as per procedure of IP. The weight
(mg) of each of 20 individual tablets, selected
randomly from each formulation was deter-
mined by dusting each tablet off and placing
it in an electronic balance. The weight data
from the tablets were analyzed for sample
mean and percent deviation.

5. Uniformity of drug content:

Five tablets were powdered in a glass
mortar and the powder equivalent to 50 mg of
drug was placed in a stoppered 100 ml conical
flask. The drug was extracted with 40 ml dis-
tilled water with vigorous shaking on a me-
chanical gyratory shaker (100 rpm) for 1 hour.
Then heated on water bath with occasional
shaking for 30 minutes and filtered into 50 ml
volumetric flask through cotton wool and fil-
trate was made up to the mark by passing more
distilled water through filter, further appropriate
dilution were made and absorbance was meas-
ured at 220 nm against blank (distilled water).

6. Swelling Index:

The swelling index of the buccal tablet
was evaluated in phosphate buffer pH 6.8 The
initial weight of the tablet was determined and
then tablet was placed in 6 ml phosphate buffer
pH 6.8 in a petridish and then was incubated at
370C.

7. In vitro drug release study:

The study was carried out in USP
XXIII tablet dissolution test apparatus-II Labin-
dia, Mumbai, India, employing paddle stirrer at
50 rpm and 900 ml of phosphate buffer pH 6.8

. . . . . 0
as dissolution medium maintained at 37 C.

3523



Basava Rao V. V /J Global Trends Pharm Sci, 2016; 7(4): 3520 - 3528

The tablet was supposed to release drug from
one side only hence a one side of tablet was
fixed to glass disk with cyanoacrylate adhe-
sive. The disk was placed at the bottom of the
dissolution vessel. At different time interval 5
ml of sample was withdrawn and replaced
with fresh medium. The samples were filtered
through 0.25 pm membrane filter paper and
analyzed for Nebivolol after appropriate dilu-
tion at 216 nm using Labindia, Mumbai, India
UV-Visible spectrophotometer.
8. Release Kinetics

The analysis of drug release
mechanism from a pharmaceutical dosage form
is an important but complicated process and is
practically evident in the case of matrix
systems. As a model-dependent approach, the
dissolution data was fitted to five popular
release models such as zero-order, first-order,
diffusion and exponential equations, which
have been described in the literature. The order
of drug release from matrix systems was
described by using zero order kinetics or first
orders kinetics. The mechanism of drug release
from matrix systems was studied by using
Higuchi equation, erosion equation and Peppas-
Korsemeyer equation.
RESULTS AND DISCUSSION

The main aim of this work was to de-
velop buccoadhesive tablets to release the drug
at buccal mucosal site in unidirectional pattern
for extended period of time without wash out of
drug by saliva. Carbopol 934, HPMC K15,
HPMC K 100 were selected as buccoadhesive
polymers on the basis of their matrix forming
properties and mucoadhesiveness, while ethyl
cellulose, being hydrophobic, used as a backing
material. Ethyl cellulose has recently been re-
ported to be an excellent backing material, giv-
en its low water permeability and moderate
flexibility.vvFormulations blend of all the for-
mulations were passed the pre compression
parameters like angle of repose, bulk density,
tapped density and Hausners ratio. The assayed
drug content in various formulations varied
between 98.64% and 100.26% (mean 99.68%).
The average weight of the tablet was found to
be between 281.4 mg and 283.2 mg (mean
280.2 mg), % friability range between 0.46 and
0.76(mean 0.43 %) and thickness of the tablets
for all the formulations was found to be be-
tween 2.80 mm and 3.00 mm with average of
2.90 mm. Buccoadhesive tablets containing
Carbopol showed hardness in the range of 5.00

to 5.60 kg/cm ? and it increased when used in
combination with HPMC k100. The hardness
of the tablets containing HPMC K15 was much
lower, ranging from 4.30 to 4.8 kg/cm” and in-
creased with increasing amounts of HPMC or
Carbopol. The difference in the tablet strengths
are reported not to affect the release of the drug
from hydrophilic matrices. Drug is released by
diffusion through the gel layer and/or erosion
of this layer and is therefore independent of the
dry state of the tablet. In vitro drug release
studies revealed that the release of Nebivolol
from different formulations varies with charac-
teristics and composition of matrix forming
polymers. The release rate of Nebivolol de-
creased with increasing concentrations of the
polymers. The Release rate of the tablets de-
creased from F1 to F3 when tablets are pre-
pared with HPMC K15 in 1:1, 1:1.5 and 1:2
ratio respectively. The release rates were simi-
larly studied with increasing concentrations of
HPMC K100 and the release rate decreased
with increasing concentrations from F4 to F6
respectively. Similarly release rates were stud-
ied with Carbopol 934 in increasing concentra-
tions i.e 1:1, 1:1.5, and 1:2 and release rate was
found to be decreased with all the three poly-
mers when used in the ratio 1:2. Among all the
formulations Formulation F5 containing HPMC
K100 M in the concentration of 1:1.5 was
found to be good with better drug release i.e.,
93.62% in 9 hours.

CONCLUSION

From the foregoing investigation it
may be conclude that the release rate of drug
from the buccal tablets can be governed by the
polymer and concentration of the polymer em-
ployed in the preparation of tablets. Regulated
drug release in first order manner attained in
the current study indicates that the hydrophilic
matrix tablets of Nebivolol was prepared
using Carbopol 934 and HPMC K100 can suc-
cessfully be employed as a buccoadhesive con-
trolled released during delivery system. The
precompression blend foe all formulations were
subjected to various evaluation parameters and
the results were found to be within limits. The
post compression parameters for all the formu-
lations also found to be within limits. Slow,
controlled and complete release of Nebivolol
over a period of 9 hours was obtained from ma-
trix tablets formulated employing HPMC K 100
(F5 Formualtion) with 97.62 % drug release.
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Ingredients F1 F2 F3 F4 FS Fe F7 F8 F9
Nebivolol 20 20 20 20 20 20 20 20 20
HPMC K15 20 30 40 - - -
HPMC K100 - - - 20 30 40
Carbopol 934 — — — — -—-- -—-- 20 30 40
Talc 3 3 3 3 3 3 3 3 3
Magnesium stearate 3 3 3 3 3 3 3 3 3
MCC pH 102 QS QS QS QS QS QS QS QS QS
Ethyl Cellulose 50 50 50 50 50 50 50 50 50
Total 280 280 280 | 280 280 | 280 | 280 280 280

Table 1: Composition of Nebivolol Buccoadhesive tablets

Formulation Code | Bulk density | Tapped density | Compressibility Index | Hausner’s ratio
F1 0.49+0.07 0.57+0.01 16.21+0.06 0.86+0.06
F2 0.56+0.06 0.62+0.05 16.87+0.05 0.98+0.05
F3 0.52+0.03 0.68+0.07 17.11+0.01 0.64+0.03
F4 0.54+0.04 0.64+0.08 17.67+0.08 1.12+0.04
F5 0.53+0.06 0.67+0.03 16.92+0.04 1.2+0.08
F6 0.56+0.05 0.66+0.06 17.65+0.09 1.06:0.09
F7 0.58+0.06 0.69+0.04 16.43+0.05 0.76+0.03
F8 0.48+0.05 0.57+0.02 17.97+0.02 1.15+0.09
F9 0.54+0.08 0.62+0.03 17.54+0.09 1.174+0.02

Table no 2: Micromeritic properties of powder blend

Formulation Hardness Thickness Weight varia- Friability Drug content
code (kg/em ) (m) tion(mg) (o) (o)
F1 4.8+0.02 2.80+0.00 279.6+0.99 0.79+0.01 100.09+0.56
F2 4.5+0.02 2.83+0.06 278.8+0.99 0.67+0.01 102.73+0.46
F3 4.3+0.05 2.87+0.06 279.8+0.38 0.57+0.01 98.75+0.88
F4 5.740.06 2.86+0.06 280.7+0.99 0.5540.00 99.70+0.34
F5 5.4+0.03 2.87+0.06 279.8+0.38 0.5140.01 97.95+0.38
F6 5.0+0.02 2.90+0.00 280.1+0.99 0.87+0.03 98.75+0.88
F7 5.6+0.07 2.97+0.06 279.6+0.17 0.46+0.01 103.36+0.83
F8 5.3+0.05 3.01+0.01 281.0+0.40 0.724+0.01 101.09+4.00
F9 5.1+0.02 2.95+0.00 280.0+0.20 0.56+0.02 99.75+0.38

Table 3: Evaluation Data of Nebivolol Buccoadhesive tablets

Time (h) F-1 F-2 F-3

0 0 0 0

0.5 33.91£0.25 25.46+0.54 17.89+0.91
1 55.97+1.56 35.56+1.19 22.28+0.27
2 88.24+0.74 48.51+0.49 29.96+0.47
3 101.52+0.58 60.03+1.21 46.20+0.21
4 71.23+1.77 50.150.65
5 86.59+0.62 59.59+0.25
6 94.82+1.17 68.59+1.54
7 102.95+1.54 76.28+0.53
S 88.24%0.11

Table-4: In vitro release data of Nebivolol mucoadhesive tablets (F1, F2 & F3)
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120 5 Invitro release data of Nebivolol mucoadhesive tablet

(F1, F2 & F3)
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Fig 1: In vitro release data of Nebivolol mucoadhesive tablets (F1, F2 & F3)
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Time

(e}

Time (h) F-4 F-5 F-6

0 0 0 0

0.5 24.69+0.35 19.86+0.99 17.11+0.08
1 39.73+1.35 27.32+0.25 23.14+1.18
2 48.95+2.36 36.98+1.77 33.20+1.13
3 60.47+2.02 48.40+1.31 43.60+1.10
4 70.35+2.65 57.40+1.95 51.06+0.21
5 82.42+1.95 65.19+0.79 56.02+0.47
6 97.79+0.34 70.46+1.34 60.64+1.65
7 | - 78.25+0.38 74.24+1.09
8 | e 87.25+0.79 77.75+0.38
9 | - 97.62+1.95 83.41+1.31

Table-4: In vitro release data of Nebivolol mucoadhesive tablets (F4, F5 & F6)

120 - In vitro release data of Nebivolol mucoadhesive tablets containing HPMC
K100 (F4, F5 & F6)

100 -

80 -

60 -

40 -

% Drug Release

20 A

——F4
—B—F5
F6

4

Time

()}

Fig 2: In vitro release data of Nebivolol mucoadhesive tablets (F4, F5 & F6)



Table 6: In vitro release data of Nebivolol containing Carbopol 934 (F7, F8 & F9)
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Time (h) | F-7 F-8 F-9
0 0 0 0
0.5 50.04+0.26 35.56+0.32 21.84+0.44
1 65.63+£0.29 40.17£0.18 29.19+0.38
2 68.92+0.72 54.00+0.16 44.02+0.24
3 82.20+2.38 65.96+2.22 58.51+1.59
4 98.89+3.45 74.74+0.33 68.37+0.55
5 | - 82.75+0.18 78.36+0.48
6 | - 99.43+1.98 87.03+0.82
e s 96.32+1.98
120 4 Invitro release data of Nebivolol containing Carbopol 934
(F7, F8 & F9)
100 -
& 80 -
3
@ 60 - ——F7
1
o == F8
x 40 -
F9
20 +
0 It T . T )

Fig 3: In vitro release data of Nebivolol mucoadhesive tablets (F7, F8 & F9)
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