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extended period of time with reduction in dosing frequency. Tablets of
nifedipine were prepared by direct compression method using
bioadhesive polymers like Carbopol 934P, Methocel E15, and sodium
carboxy methyl cellulose either alone or in combinations with backing layer of ethyl
cellulose. The preformulation blend was shown good flow properties with good angle of
repose, bulk density and tapped density parameters. The formulated tablets were evaluated
for various quality control parameters and they were passed all the tests with standard values
as per pharmacopoeia. Slow, controlled and complete release of Nifedipine over a period of 8
hours was obtained from matrix tablets formulated employing HPMC E15 and Carbopol
934P (F7 Formulation). This tablets exhibited good buccoadhesion. Good oral controlled
released bilayered buccoadhesive tablet formulation of Nifedipine could be developed using
HPMC E15 and Carbopol 934P.
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INTRODUCTION

BUCCOADHESIVE DRUG DELIVERY

The potential route of buccal mucosal route of drug administration was first recognized by
Walton and others reported in detail on the kinetics of buccal mucosal absorption.

Buccoadhesion, or the attachment of a natural or synthetic polymer to a biological substrate,
is a practical method of drug immobilization or localization and an important new aspect of
controlled drug delivery. The unique environment of the oral (buccal) cavity offers its
potential as a site for drug delivery. Because of the rich blood supply and direct access to
systemic circulation. The Buccal route is suitable for drugs, which are susceptible to acid

hydrolysis in the stomach or which are extensively metabolized in the liver (first pass effect).

Buccal route of administration

The medicament is placed between the cheek and the gum. The barrier to drug absorption
from this route is the epithelium of oral mucosa. Passive diffusion is the major mechanism for
absorption of drugs. Drugs with short biological half-lives, requiring a sustained effect, poor
permeability, sensitivity to enzymatic degradation and poor solubility may be successfully

delivered via bioadhesivebuccal delivery systems.

Advantages of Buccal route

e Rapid absorption and higher blood levels due to high vascularization of the region and
therefore particularly useful for administration of antianginal drugs.

e No first-pass hepatic metabolism.

e No degradation of drugs such as that encountered in the GIT.

e Presence of saliva facilitates both drug dissolution and its subsequent permeation by
keeping the oral mucosa moist.

e It is a safer method of drug administration, since drug absorption can be promptly

terminated in cases of toxicity by removing the dosage form from the buccal cavity'..

Disadvantages of buccal route
e Accidental swallowing of the formulation by the patient.

e Difficulty in speaking and drinking.

Limitations
e Only limited amount of drug can be used in these systems (25-50 mg).

e Drug must be non-irritant to the buccal mucosa.
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Nifedipine is a dihydropyridinecalcium channel blocker. Its main uses are as an antianginal
(especially in Prinzmetal's angina) and antihypertensive, although a large number of other
indications have recently been found for this agent, such as Raynaud's phenomenon,
premature labor, and painful spasms of the esophagus such as in cancer and tetanus patients.
It is also commonly used for the small subset of pulmonary hypertension patients whose
symptoms respond to calcium channel blockers. Nifedipine has been formulated as both a
long- and short-acting 1,4-dihydropyridine calcium channel blocker. It acts primarily on
vascular smooth muscle cells by stabilizing voltage-gated L-type calcium channels in their
inactive conformation. By inhibiting the influx of calcium in smooth muscle cells, nifedipine
prevents calcium-dependent myocyte contraction and vasoconstriction. A second proposed
mechanism for the drug’s vasodilator effects involves pH-dependent inhibition of calcium
influx via inhibition of smooth muscle carbonic anhydrase. Nifedipine is used to treat

hypertension and chronic stable angina.

MATERIALS AND METHODS

Nifedipine was purchased from Karnataka antibiotic centre, hydroxy propyl methyl cellulose
was purchased from the keerti agencies uv Scientifics, Sodium CMC was purchased from the
zopinax pharma Ltd(Ahemadabad Carbopol and Starch was purchased from the Lab press
pharma, MCC was purchased from the Sartourious Lab, Mg stearate was purchased from the

Sarco chemical Itd, Ethyl cellulose Sarco chemical Itd.

METHODS

Analytical profile development of drug

UV Scan: Accurately weighed 10 mg of nifedipine and transferred into 10 ml of volumetric
flask and dissolved in10 ml ethanolto give stock solution 1 mg/ml. 1 ml was taken from stock
solution in another volumetric flask and diluted up to 10 mlwith 6.8 phosphate buffer to give
a stock solution 100 pg/ml.1ml taken from solution in another volumetric flask and diluted
with bufferup to the 10 ml mark that gives 10 pg/ml. The absorbance of the solutions were
scanned in the UV region and found that Nifedipine showed maximum absorbance at 238nm.

Thus Amax of Nifedipine was found to be 238 nm.

Construction of Calibration curve of nifedipine

Procedure

Accurately weighed 10 mg of nifedipine and transferred into 10 ml of volumetric flask and
dissolved in small quantity of ethanol and diluted with 6.8 phosphate buffer up to the mark to
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give stock solution 1 mg/ml. 1 ml was taken from stock solution in another volumetric flask
and diluted up to 10 ml to give a stock solution 100 pg/ml. Further dilutions were made from

2-10 pg/ml with 6.8 phosphate buffer and absorbance was measured at 238 nm.

Preparation of Buccoadhesive Bilayered Tablets

The buccoadhesive bilayered tablets were prepared using different polymers either alone or in
combinations with varying ratios as summarize. Bilayered tablets were prepared by direct
compression procedure involving two consecutive steps. The buccoadhesive drug/polymer
mixture was prepared by homogeneously mixing the drug and polymers in a glass mortar for
15 min. Magnesium stearate (MS) was added as a lubricant in the blended material and
mixed. The blended powder was then lightly compressed on 8 mm flat faced punch using
rotary punch tablet compression machine , the upper punch was then allow to up wards and

backing layer material ethyl cellulose was added over it and finally compressed at a constant

compression force.

Table 1: Composition of Nifedipine Tablets.

. HPMC | Sodium M Ethyl
Formulation | Drug E15 CMC Carbopol | Starch | MCC Steagate ceIIuI)ése

Fi 30mg  30mg | 30mg | ------- 30mg | 75mg 5mg 50 mg
F, 30mg  30mg | 10mg | --------- 30mg | 95 mg 5mg 50 mg
Fs 30mg | 20mg | --------- 20mg 30mg | 100mg | 5mg 50 mg
Fa 30mg | 20mg F 30mg | ----—--- 30mg | 95mg 5mg 50 mg
Fs 30mg | 15mg | ---—----- 20 mg 30mg | 100mg | 5mg 50 mg
Fe 30mg | 15mg | 10mg | -------- 30mg |110mg | 5mg 50 mg
F, 30mg | 10mg | ---—----- 30 mg 30mg | 95mg 5mg 50 mg
Fs 30mg | 10mg H 30mg | ----—--- 30mg | 95mg 5mg 50 mg
Fy 30mg | 10mg A 20mg | ----—--- 30mg | 105mg 5mg 50 mg
Fio 30 mg 50mg | ---—---- 30mg | 85mg 5mg 50 mg
Fi1 30mg | 50mg | ------- |  ---m---- 30mg | 85mg 5mg 50 mg
Fio 30mg | | - 50 mg 30mg | 85mg 5mg 50 mg

EVALUATION OF TABLETS

The formulated tablets were evaluated for the following physicochemical parameters:

Weight Variation

Formulated tablets were tested for weight uniformity, 20 tablets were weighed collectively
and individually. Form the collective weight, average weight was calculated. Each tablet
weight was then compared with average weight to ascertain whether it is with in permissible

limits or not. The results listed in the Table 10.
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Table 2: Standard weight variation limits (IP).

S No. | Average mass Percentage deviation
1. | 130mg or less +10
2. | More than 130 mg and less than 324 mg 7.5
3. | 324 mg or more +5
Hardness

Hardness of the tablet was determined using the Monsanto harness tester. The lower plunger
was placed in contact with the tablet and a zero reading was taken. The plunger was then
forced against a spring by tuning a threaded bolt until the tablet fractured. As the spring was
compressed a pointer rides along a gauge in the barrel to indicate the force. The results listed
in the table 10.

Friability

The Roche friability test apparatus was used to determine the friability of the tablets. Twenty
pre-weighed tablets were placed in the apparatus, which was given 100 revolutions. After
which the tablets were reweighed. The percentage friability was calculated. The results listed
in the table 10.

Friability of tablets was calculated by using following equation.
Wo-Ws
Friability = ---------------- x 100
Wo
Where,
Wo = initial weight,
W= final weight.

Drug Content

Three tablets of each formulation were weighed and powdered. The quantity of powder was
equivalent to 100 mg. The equivalent weight Nifedipine was transferred into 100 ml
volumetric flask and by using methanol as the extracting solvent and samples was analyzed

spectrophotometrically. The results listed in table 10.

In-vitro mucoadhesion studies
Mucoadhesive strength of the buccal tablets was measured on the “Modified Physical
Balance method”. The method used sheepbuccal mucosa as the model mucosal membrane.

The fresh sheepbuccal mucosa was cut into pieces and washed with phosphate buffer pH 6.8.
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The both pans were balanced by adding an appropriate weight on the left- hand pan. A piece
of mucosa was tied to the surface of the beaker and placed below the left pan which was
moistened with phosphate buffer pH 6.8.The tablet was stuck to the lower side of left pan
with glue. Previously weighed beaker was placed on the right hand pan and water (equivalent
to weight) was added slowly to it until the tablet detach from the mucosal surface. The both
pans were balanced by adding an appropriate weight on the left- hand pan. The weight
required to detach the tablet from the mucosal surface gave the bio adhesive strength.

Force of adhesion = (mucoadhesive strength/100) x9.81

In vitro swelling studies of buccoadhesive tablets
Buccal tablets were weighed individually (W1) and placed separately in 2% agar gel plates
with the core facing the gel surface and incubated at 37°C +1°C. At regular 1-hour time
intervals until 6 hours, the tablet was removed from the Petri dish, and excess surface water
was removed carefully with filter paper. The swollen tablet was then reweighed (W2) and the
swelling index (SI1) was calculated using the formula. The results listed in table 12, 13, 14.

% Swelling index = [(W 2 -W1)/W 1] x100

INVITRO DISSOLUTION STUDIES OF TABLETS

Dissolution studies were carried out for all the formulations combinations in triplicate,
employing USP-11, paddle method and 900ml of pH 6.8 phosphate buffers as the dissolution
medium and added 0.5% wi/v tween 60. The medium was allowed to equilibrate to temp of
37°c + 0.5°c. Tablet was placed in the vessel and the vessel was covered the apparatus was
operated for 8hrs in pH 6.8 phosphate buffer at 50 rpm. At definite time intervals i.e.
0.5,1,2,3,4,5,6,7,8 hrsof the aliquot of sample of 5 ml was with drawn periodically and the
volume replaced with equivalent amount of the fresh dissolution medium. The samples were
analyzed spectrophotometrically at 238 nm using uv-spectrophotometer. Cumulative drug
release was calculated using the equation (y = 0.045x + 0.001) generated from Beer

Lambert’s Calibration curve in the linearity range of 2-10 pg/ml.

Dissolution parameters

Apparatus -- USP-II,

Dissolution Medium  -- pH 6.8 phosphate buffer
RPM -- 50

Sampling intervals - 0.5,1,2,3,4,5,6,7,8 Hrs.
Temperature -- 37°c +0.5°C
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8. RESULTS AND DISCUSSION
Analytical profile development of drug
UV scan of Nifedipine: The lambda max of nifedipine was found to be 238nm in ph 6.8

phosphate buffer.

Construction of Calibration Curve
Table 1: Calibration curve of Nifedipine in pH 6.8 phosphate buffer at 238 nm.

S.No. | Concentration(ug/ml) | Absorbance(at 238 nm)
1 0 pg/ml 0.00
2 2 pg/ml 0.094
3 4 pg/mi 0.184
4 6 pg/ml 0.270
5 8 ug/ml 0.354
6 10 pg/mi 0.458
Standred plot of Nifedipine
0.5 y =0.0451x+ 0.0012
R? =0.9992
0.4
g
$ 03
=
2 0.2
=
<
0.1
0
0 5 10 15
concentration(pg/ml)

Fig No. 1: Standred Calibration curve of Nifedipine in 6.8 phosphate buffer.
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Preformulation study results

Bulk density, Tapped density, % Compressibility index, Hausner ratio and Angle of
repose

Table 2: Bulk density, Tapped density, % Compressibility index, Hausner ratio and

Angle of repose.

Pre-compression parameters
. Bulk Density | Tap Density | Carr’s Index | Hausner | Angle of

Formulations (gm/cm?) (gm/cm?) (%) ratio | Repose (©)
F1 0.50 0.58 13.79 1.16 29.34
F, 0.47 0.55 14.54 1.17 28.23
Fs 0.50 0.58 3.791 1.16 29.34
F4 0.41 0.50 18 1.21 26.78
Fs 0.41 0.50 18 1.21 26.78
Fe 0.47 0.55 14.54 1.17 28.23
F; 0.50 0.58 13.79 1.16 29.34
Fs 0.46 0.55 16.36 1.19 26.71
Fo 0.45 0.55 18.18 1.22 27.91
F10 0.44 0.52 13.28 1.19 29
F11 0.46 0.55 14.33 1.17 27
F12 0.49 0.57 14.21 1.18 25

Evaluation of Tablets

Evaluation of Avg. Weight, Hardness, Friability, Drug content

Table No.-4.
Avg. Weight | Hardness e
Formulation (M?aanis.gD) (Kg/cm? F”a_bzl(l)'ty v Drug_gontent

(n=20) n=3) | (=20) (n=3)
F1 249.6+1.14 4.6+£0.1 0.64 98.36
F2 249+158 |4.63+0.15 0.48 98.56
F3 249+ 158 | 5.60+0.10 0.48 98.48
F4 250.4 £1.140 | 5.43+0.20 0.64 98.15
F5 249.4+ 1.58 | 6.60+0.26 0.48 98.76
F6 249.6 £1.140 | 4.63+0.15 0.50 99.74
F7 249.4 £0.89 | 6.66+0.15 0.36 98.78
F8 249.4+ 1.140 | 4.10+0.10 0.68 99.76
F9 249.8 £1.48 | 3.63+£0.15 0.56 98.98
F10 249.6x+ 1.140 | 7.36%0.20 0.32 99.97
F11 249.8+1.48 | 6.36x0.20 0.24 99.96
F12 250.4+ 1.50 | 6.66%0.15 0.16 98.97
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In-vitro mucoadhesion studies

Table 5: In vitro Mucoadhesion strength of Nifedipine buccoadhesive tablets

Formulation Bioadhesive strength(gm)
F1 25.8
F2 18.9
F3 30.4
F4 23.6
F5 28.3
F6 19.7
F7 34.6
F8 24.3
F9 22.3
F10 28.6
F11 30.8
F12 40.9
45
40
=35
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%20 -
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2 15 -
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® 10 -
5 1
0 -
FIL F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
formulations

Fig 2: Bioadhesive profile of Nifedipine Mucoadhesive tablets from F1-F12.

Table 7: swelling index results of Nifedipine buccoadhesive tablet formulations from F1-
Fa.

FORMULATION | Ohr 1lhr 2hr 3hr 4hr 5hr 6hr
F1 0 0.11 0.36 0.65 0.81 0.86 0.92
F2 0 0.08 0.12 0.19 0.23 0.45 0.68
F3 0 0.10 0.22 0.36 0.48 0.59 0.78
F4 0 0.09 0.15 0.39 0.64 0.75 0.89
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Fig 3: Graph of the Swelling index of formulations from F1 to F4.

Table 8: swelling index results of Nifedipine buccoadhesive tablet formulations from F5-
F8.

Formulation | Ohr | 1hr | 2hr | 3hr | 4hr | 5hr | 6hr
F5 0 [0.07]0.11]0.36|0.45|0.66 |0.82
F6 0 | 0.06/0.11/0.21(0.32|0.54|0.62
F7 0 [0.11]/0.38|0.63|0.76 |0.89|0.96
F8 0 [0.12|0.14]0.36|059|0.76 | 0.84
SWELLING INDEX
1.2
e 1
>
T 0.8 ——f5
w06 ——f6
g 0.4 7
0.2 i £
0
0 2 4 6 8
time(Hrs)

Fig 4: Graph of the Swelling index of formulations from F5 to F8.

Table 9: Swelling index results of Nifedipine buccoadhesive tablet formulations from
F9-F12.

Formulation | Ohr | 1hr | 2hr | 3hr | 4hr | 5hr | 6hr
F9 0 |0.08|0.33|054|065|0.87]|0.92
F10 0 |0.06|033|054|065|0.87]|0.92
F11 0 |011|0.22|0.29|0.31|0.49|0.55
F12 0 [011]0.33]0.67|0.85|1.00|1.21
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Fig 5: Graph of the Swelling index of formulations from F9 to F12.

Ex vivo permeation of buccal tablets

Table 10: Ex vivo permeation data of Nifedipine buccoadhesive tablets of F1, F2, F3,

and F4 formulations.

TIME (Hours)ss) F1 F2 F3 F4
0 0 0 0 0
1 7.53 8.88 10.70 9.75
2 14.08 16.43 22.50 20.50
3 20.50 27.16 30.83 32.00
4 25.33 38.83 40.33 42.50
5 35.83 47.50 47.50 53.33
6 50.50 49.50 56.83 60.50
7 54.00 52.50 61.16 65.83
8 60.50 60.16 65.66 70.33
Ex vivo permeation profile
80
270
E 60
2 50 -
w o ——F1
g 40 —-F2
23 F3
t‘é 20 ——F4
3 10
0
0 2 4 6 8 10
time(Hrs)

Fig 6: Ex vivo permeation profile of tablets of F1, F2, F3 and F4 formulations.
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Table 11: Ex vivo permeation data of Nifedipine buccoadhesive tablets of F5, F6, F7,
and F8 formulations.

TIME (Hours) F5 F6 F7 F8
0 0 0 0 0
1271 | 18.00 | 19.16 | 12.71
25.16 | 30.83 | 30.83 | 25.16
37.16 | 40.33 | 40.16 | 36.16
49.16 | 52.16 | 52.16 | 52.50
57.83 | 5850 | 62.33 | 64.33
68.33 | 66.16 | 7116 @ 70.00
70.33 | 7583 | 78.00 @ 82.83
76.66 | 80.33 | 86.66 & 92.33

ONOOOTPAWN -

Ex vivo permeation profile

100

—4—F5
=l—F6

F7
i -8

cumulative%drug permiated

0 2 4 6 8 10
Time(Hrs)

Figure 7: Ex vivo permeation profile of Nifedipine buccoadhesive tablets of F5, F6, F7

and F8 formulations.

Table 12: Ex vivo permeation data of Nifedipine buccoadhesive tablets of F9, F10, F11,

and F12 formulations.

TIME (Hours) F9 F10 F11 F12
0 0 0 0 0
1 12.90 13.08 13.10 16.61
2 25.83 27.00 30.50 30.50
3 37.00 40.83 39.16 40.83
4 53.3 61.16 52.83 52.83
5 65.00 68.50 58.00 62.83
6 72.16 77.33 65.83 70.33
7 87.00 88.33 75.33 78.00
8 95.66 92.33 80.33 85.33
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In-vitro drug diffusion profile
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Figure 8: Ex vivo permeation profile of Nifedipine buccoadhesive tablets of F9, F10, F11

and F12 formulations.

DISSOLUTION RESULTS
Table 13: Dissolution data of Nifedipine buccoadhesive tablets of F1, F2, F3, and F4

formulations.

TIME (Hours) | F1 F2 F3 F4
0 0 0 0 0
05 18.02 | 1560 | 13.06 | 1261

1 20.00 23.13 15.53 14.80
2 24.86 27.40 19.80 18.73
3 34.26 33.53 27.40 26.20
4 41.66 37.40 35.01 34.20
5 47.80 39.26 42.93 41.86
6 52.13 | 45.60 | 59.40 | 58.73
7 58.93 | 54.06 | 71.33 | 66.40
8 66.46 | 68.00 | 75.33 | 83.33
In-vitro drug release profile
90
g' 80
80
ED 60
£ 50 ——F1
f 40 =2
£ 30 F3
£ S
0 M
0 2 4 6 8 10
Time(Hrs)

Figure 9: Dissolution profile of Nifedipine buccoadhesive tablets of F1, F2, F3, and F4

formulations.
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Table 14: Dissolution data of Nifedipine tablets of F5, F6, F7 and F8 formulations.

TIME(Hours) | F5 F6 F7 F8
0 0 0 0 0
12.40 | 13.06 | 8.26 | 9.93
15.60 | 16.21 | 15.66 | 22.93
22.73 | 22.00 | 22.80 | 39.80
31.60 | 29.13 | 41.33 | 50.21
41.33 | 40.93 | 59.73 | 65.00
58.33 | 57.60 | 65.26 | 83.33
65.66 | 65.73 | 74.00 | 85.33
83.33 | 74.00 | 82.00 | 87.33
88.66 | 87.33 | 94.66 | 97.33

o
(6]

O N O WN P,

In-vitro drug release profile

120

@
wn
=]
2 100
]
-
& 80
= ——F5
<
X 60 —&—F6
@
3 a0 F7
= —<F8
= ’
= 20
S

0 &%

0 2 4 6 8 10

Time(Hrs)

Figure 10: Dissolution profile of Nifedipine buccoadhesive tablets of F5, F6, F7 and F8

formulations.

Table 15: Dissolution data of nifedipine buccoadhesive tablets of F9, F10, F11 and F12

formulations.

Time (Hours) F9 F10 F11 F12
0 0 0 0 0
0.5 23.26 15 11.60 6.00

3273 | 2460 | 16.66 12.00
39.80 | 3253 | 2586 | 25.33
4586 | 39.80 | 39.20 | 33.20
52.73 | 49.46 | 51.06 | 43.93
66.46 | 59.73 | 61.33 | 52.26
7533 | 66.40 | 66.46 | 59.20
8733 | 83.33 | 78.00 | 66.33
98.66 | 94.00 | 87.33 | 83.33

0N OTBWN -,
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Figure 11: Dissolution profile of Nifedipine buccoadhesive tablets of F9, F10, F11 and

F12 formulations.

Release Kinetics

Table 16: Zero order plot of Nifedipine tablet formulation F-9.

Time(Hrs)

Cumulative %drug release

0.5

23.26

32.73

39.8

45.86

52.73

59.26

66

87.33

OINOO DWW IN|F-

98.66

Zero order plot

y =9.5991x+ 19.088
R?=0.9892

=
]
o

=
o
o
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o

~

=)l
o

/

==@== 7210 order

cumulative%drug release
I
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[
=]

4 6 10
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Figure 12: Zero order release kinetics, of Nifedipine tablet formulation F9.
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Table 17: First order plot of Nifedipine tablet formulation F-9.

Time(Hrs) | Log cumulative% drug remain
0.5 1.885

1.828

1.780

1.734

1.675

1.526

1.392

1.103

0.127

O|NO|UTIPARWIN|F-

First order plot y=-0.1774x+ 2.1691

R2=0.7216

2.500
< 2.000
£
$ 1.500
[=14]
2
< 1.000
Blfn \V —¢—Tirst order
2 0.500 \

0-000 T T T T 1
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Figure 13: First order release kinetics, of Nifedipine tablet formulation F9.

Table 18: Higuchi plot of Nifedipine tablet formulation f-8.

Root t Cumulative %drug release
0.707 23.26
1.00 32.73
1.414 39.8
1.732 45.86
2.000 52.73
2.326 59.26
2.449 66
2.646 87.33
2.828 98.66
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Figure 14: Higuchi drug release kinetics, of Nifedipine tablet formulation F9.

Table 19: Korsmeyer peppas plot of Nifedipine tablet F-8.

Logt Log cumulative% drug release
-0.301 1.366
0 1.514
0.301 1.599
0.477 1.661
0.602 1.722
0.698 1.772
0.778 1.819
0.845 1.941
0.903 1.994
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Figure 15: Korsmeyer-Peppas drug release kinetics of Nifedipine tablet f9.
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DISCUSSION

The main aim of this work was to develop buccoadhesive bilayered 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, HPMC E15 and SodiumCMC 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
reported to be an excellent backing material, given its low water permeability and moderate

flexibility.

Drug content and physical evaluation

The assayed drug content in various formulations varied between 98.15% and 99.97%. The
average weight of the tablet was found to be between 249.0 mg and 250.4 mg. friability range
between 0.16 and 0.68% and thickness of the tablets for all the formulations was found to be
between 3.04 mm and 3.22 mm. Buccoadhesive tablets containing Carbopol showed hardness
in the range of 7.36 to 5.5 kg/cm 2 and it decreased with increasing amounts of SCMC. The
hardness of the tablets containing NaCMC was much lower, ranging from 4.60 to 7.2 kg/cm?
and increased 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.

The bioadhesion and drug release profile are dependent upon swelling behavior of the tablets.
Swelling index was calculated with respect to time. Swelling index increased as the weight
gain by the tablets increased proportionally with the rate of hydration as shown in [Table -12,
13, 14]. Swelling index measurements could be done up to 6 hours. The swelling indices of
the tablets with Carbopol and HPMC increased with increasing amounts of Carbopol.
Maximum swelling was seen with the formulations (F12, F7, F10, and F1) containing
NaCMC and/or Carbopol, the values increased with increasing amounts of NaCMC and/or
Carbopol.?

INVITRO DRUG RELEASE STUDIES

In vitro drug release studies revealed that the release of Nifedipine from different
formulations varies with characteristics and composition of matrix forming polymers as
shown in Figure 18 to 20. The release rate of Nifedipine decreased with increasing
concentration of HPMC E15 respectively. These findings are in compliance with the ability
of HPMC to form complex matrix network which leads to delay in release of drug from the
device. Carbopol is more hydrophilic than HPMC; it can swell rapidly, therefore decrease of
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Carbopol content decrease the drug release in F3 and F5 to F7. Drug release rate was
increased with increasing amount of hydrophilic polymer. The maximum cumulative percent
release of Nifedipine from formulation F9 could be attributed due to ionization of sodium car
boxy methylcellulose at pH environment of the dissolution medium. lonization of sodium
carboxymethycellulose and carbopol leads to the development of negative charges along the
backbone of the polymer. Repulsion of like charges uncoils the polymer into an extended
structure. The counter ion diffusion inside the gel creates an additional osmotic pressure
difference across the gel leading to the high water uptake. This water uptake leads to the
considerable swelling of the polymer. The continued swelling of polymer matrix causes the
drug to diffuse out from the formulation at a faster rate. Formulations F9, F8, F7, and F10
showed relatively high rate of release of Nifedipine which is due to rapid swelling and
erosion of SCMC. Further, the increase in rate of drug release could be explained by the
ability of the hydrophilic polymers to absorb water, thereby promoting the dissolution, and
hence the release, of the highly water soluble drug. Moreover, the hydrophilic polymers
would leach out and hence, create more pores and channels for the drug to diffuse out of the
device. Formulation F10 which contains high amounts of NaCMC gets eroded during
dissolution study before stipulated study period. Thus higher concentration of NaCMC cannot

be incorporated into such formulations for sustaining the release.

Various dissolution parameters computed for all the controlled release buccoadhesive tablets.
To examine further the release mechanism of Nifedipine from buccoadhesive tablets, the
results were analyzed according to the equation, proposed by Peppa’s and Korsemeyer.[*”
The obtained values of release rate exponent (n) lie between 0.5901 and 0.8257 in all
formulations for the release of Nifedipine. In general, the released pattern found to be non-

Fickian tending to approach first order.

Several kinetic models describing drug release from immediate and modified released dosage
forms. The model that best fits the release data was evaluated by correlation coefficient (r).
The correlation coefficient (r) value was used as criteria to choose the best model to describe
the drug release from the buccoadhesive tablets. The ‘r’ value in various models is in table
11. The ‘r’ values obtained for fitting the drug release data to zero order, indicating that the
drug release mechanism follows zero order kinetics. From higuchi’s equation, the high values

of correlation coefficient ‘r’ indicating that the drug release mechanism from these tablets
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was diffusion controlled. The values of ‘n’ in Peppas model indicated the drug release

follows non-Fickian diffusion.

From the above results it is concluded that the drug release from the formulated
buccoadhesive tablets of Nifedipine followed first order kinetics and was diffusion

controlled.

CONCLUSION

In conclusion, the aim of the present study was to develop buccoadhesive drug delivery
system for Nifedipine with a prolonged effect and to avoid first pass metabolism. These
buccoadhesive formulations of Nifedipine, in form of buccoadhesive tablets were developed
to a satisfactory level in terms of drug release, bioadhesive time, and physicochemical

properties.

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 employed in
the preparation of tablets. Regulated drug release in first order manner attained in the current
study indicates that the hydrophilic matrix tablets of Nifedipine, prepared using Carbopol
934P and HPMC E15 can successfully be employed as a buccoadhesive controlled released
during delivery system. Good bioadhesive time of the formulation is likely to increase its
buckle residence time and eventually, improve the extent of bioavailability. However,
appropriate balancing between various levels of the two polymers is imperative to acquire

proper controlled release and bioadhesion.

Slow, controlled and complete release of Nifedipine over a period of 8 hours was obtained
from matrix tablets formulated employing HPMC E15 and Carbopol 934P (F7 Formulation).
This tablets exhibited good buccoadhesion. Good oral controlled released bilayered
buccoadhesive tablet formulation of Nifedipine could be developed using HPMC E15 and
Carbopol 934P.
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