Original papers

Buccal patches of atenolol formulated using fenugreek
(Trigonella foenum-graecum L.) seed mucilage

Surya Narayan Ratha Adhikari*-t, Satyabrata Panda®t*

Department of Pharmaceutics, Seemanta Institute of Pharmaceutical Sciences, Mayurbhanj, Odisha, India

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of article

Polymers in Medicine, ISSN 0370-0747 (print), ISSN 2451-2699 (online)

Address for correspondence
Surya Narayan Ratha Adhikari
E-mail: snarayan.rath@rediffmail.com

Funding sources
none declared

Conflict of interest
none declared

Acknowledgements

The authors are grateful to Dr. Amit Kumar Nayak, Department
of Pharmaceutics, Seemanta Institute of Pharmaceutical
Sciences, Mayurbhanj, Odisha, India.

Received on February 7, 2016
Revised on February 24, 2016
Accepted on April 18,2017

DOI
10.17219/pim/70498

Copyright
© 2017 by Wroclaw Medical University

This is an article distributed under the terms of the
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Polim Med. 2017;47(1):5-11

Abstract

Background. The use of mucoadhesive natural polymers in designing mucoadhesive patch systems has
received much attention.

Objectives. The study involved the development and evaluation of buccal patches of atenolol using fenu-
qreek (Trigonella foenum-graecum L.) seed mucilage with hydroxylpropyl methyl cellulose (HPMC K4M)
and a backing membrane (ethyl cellulose 5% w/v).

Material and methods. These atenolol-releasing buccal patches were prepared using a solvent casting
technique. The buccal patches prepared were evaluated for average weight, thickness, drug content, folding
endurance and moisture content. Ex vivo mucoadhesive strength, force of adhesion and bonding strength
were determined using porcine buccal mucosa. The mucosal permeation of atenolol through the porcine
buccal mucosa was carried out using a Franz diffusion cell in phosphate buffer saline, pH 6.8. These buccal
patches were also characterized by SEM and FTIR spectroscopy.

Results. The average weight, thickness, drug content, folding endurance and moisture content of these
atenolol-releasing buccal patches were found satisfactory for all the patches. Amongst all, the F-4 buccal
patch showed maximum mucoadhesive strength (31.12 1.86 g), force of adhesion (30.53 x 1072 N) and
bond strength (1748.89 N/m?). Ex vivo atenolol permeation from the buccal patches showed drug perme-
ation across the excised porcine buccal mucosa over 12 h. The F-4 buccal patch showed maximum perme-
ation flux (29.12 pg/cm?/h).

Conclusions. The developed atenolol-releasing buccal patches can be beneficial over the conventional
drug delivery systems to decrease the dosing frequency and enhance patient compliance.
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During last few decades, a lot of research work has
been done in buccal drug delivery systems.!= Delivery of
drugs via the buccal mucosa to the systemic circulation is
defined as buccal drug delivery.* Though less permeable
than the sublingual area, the buccal mucosa is well vas-
cularized and drugs can be rapidly absorbed into the sys-
temic circulation underneath the oral mucosa.” The mu-
cosa of the buccal area has a large, smooth and relatively
immobile surface, which provides a larger contact surface.
The large contact surface of the buccal mucosa contrib-
utes to rapid and extensive drug absorption.® In recent
years, buccal drug delivery has proven particularly useful
and offers several advantages over other drug deliveries
including: bypass of the gastrointestinal tract and hepatic
portal systems, increasing the bioavailability of orally ad-
ministered drugs that otherwise undergo hepatic first-
pass metabolism, improved patient compliance due to the
elimination of associated pain with injections, adminis-
tration of drugs to unconscious patients, sustained drug
delivery, increased ease of drug administrations and ready
termination of delivery by detaching the dosage form.”
In current years, several buccal patches of different drugs
have been researched by various research groups.®-1! Buc-
cal patches are modified-release dosage forms composed
of a thin matrix composed of one or more polymers, drugs
and other excipients. In the previous literature, a few at-
tempts have been undertaken to design atenolol-releasing
buccal films and patches.”!>"1> However, in the previous
literature, no attempt has been undertaken to formulate
atenolol patches using plant-derived natural mucoadhe-
sive polymers along with hydroxylpropyl methyl cellulose
(HPMC). HPMC is a release-retardant polymer. There-
fore, it was thought to provide delayed release of atenolol
from these buccal patches for a longer period.

The present research work involves the formulation
and development of atenolol (an anti-hypertensive drug)
releasing buccal patches made of fenugreek (Trigonella
foenum-graecum L.) seed mucilage (a plant-derived mu-
coadhesive biopolymer) and HPMC so that the various
preparations obtained sustained a prolonged drug release
profile with suitable mucoadhesive properties. Fenugreek
seed mucilage is a galactomannan and stable polymer.!®
It consists of a (1—>4) B-D-mannan backbone to which sin-
gle a-D-galactopyranosyl groups are attached at the O-6
position of D-mannopyranosyl residues with D-galactose
and D-mannose ratio, 1 : 1 or 1: 1.2.1%17 The present study

Table 1. Composition of different buccal patches containing atenolol

Atenolol (mg) 50 50 50 50
HPMC K4M (mg) 500 400 300 200
Fenugreek seed mucilage (mg) 500 600 700 800
Glycerin (% w/w) 15 15 15 15
Sodium saccharin (% w/v) 0.1 0.1 0.1 0.1
Distilled water (mL) 40 40 40 40

focuses on the formulation and evaluation of atenolol-re-
leasing buccal patches made of a mucoadhesive polymeric
layer of fenugreek seed mucilage-HPMC and a drug-free
backing membrane consisting of 1% w/v ethyl cellulose.
The 1% w/v ethyl cellulose was used as backing layer.

Material and methods

Material

Atenolol was obtained from M/S. PD.LL, India. HPMC
K4M and ethyl cellulose were obtained from Matrix
Laboratories, India. Glycerin was purchased from Loba
Chemie Pvt. Ltd., India. Sodium saccharin was purchased
from Reidel India Chemicals, India. Fenugreek (Trigonella
foenum-graecum L.) seed mucilage was isolated from the
raw fenugreek seeds. The procedure of fenugreek seed
mucilage extraction has been described in previously
published literature by Nayak et al.!*}” The chemicals
used were of analytical grade and double-distilled water
was used throughout.

Preparation of buccal patches of atenolol

The buccal patches consisting of mucoadhesive poly-
meric layers of fenugreek seed mucilage-HPMC contain-
ing atenolol (50 mg) and sodium saccharin (0.1% w/v) were
prepared by a solvent casting technique. The mixture so-
lutions of atenolol, mucoadhesive polymers (fenugreek
seed mucilage and HPMC), and sodium saccharin were
well mixed using a magnetic stirrer (Remi Motors, India)
at 100 rpm for 15 min and then, homogenized using a ho-
mogenizer stirrer (Remi Motors, India) for 15 min. Glyc-
erin was used as a plasticizer within the mixture solution at
a concentration of 15% w/w of dry weight of the polymers.
The solutions were then sonicated again for 30 min to re-
move air bubbles. The sonicated solutions were poured
in petri dishes of 54 cm? area and were dried at 50°C for
24 h. The drug-free backing layer was prepared onto the
drug containing mucoadhesive polymeric layers by using
1% w/v ethyl cellulose solution in ethyl alcohol by a solvent
casting technique and the prepared bilayered patches were
dried at 50°C for 5 h. Then, the dried atenolol patches were
obtained from the petri dishes, cut into circular pieces of
1 cm? and appropriately preserved. Table 1 shows the com-
position of different buccal patches containing atenolol.

Measurement of average weight
and thickness

The average weights of all the patches were calculated
including the measurement of their thickness at 6 different
points using thickness gauze (Mitutoyo, Japan). For each
formulation, 3 randomly-selected patches were used.’
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Determination of drug content

The drug content uniformity in the formulated buccal
patches were determined by weighing 6 patches (1 ¢cm?)
dissolved in 100 mL isotonic phosphate buffer (pH 6.8)
and shaken vigorously for 24 h at room temperature.
Then the resulting solution was filtered, diluted and ana-
lyzed for DS content spectrophotometrically using a UV—
VIS spectrophotometer (UV-1700 Double beam spectro-
photometer, SHIMADZU Corporation, Japan) at 274 nm
against a blank. The drug content was estimated from the
calibration curve, which was constructed between 1 and
5 pg/mL concentration ranges. The method was validated
for linearity, accuracy, and precision. The regression equa-
tion for the calibration curve was Y = 0.048 X + 0.002,
R2 =0.9990.

Measurement of folding endurance

The folding endure without breakage of the patches was
determined by repeatedly folding one patch at the same
place till it broke or folded up to 300 times at the same
place without break. The number of times the buccal
patches could be folded at the same place without break-
ing or cracking gave the value of folding endurance.®

Determination of moisture content

The buccal patches were weighed accurately and kept
in desiccators containing anhydrous calcium chloride.
After 3 days, the patches were taken out and weighed."
The moisture content (%) was determined by calculating
moisture loss (%) using the formula:

initial weight — final weight
moisture content (%) = x 100
initial weight (1).

Ex vivo studies

Preparation of goat buccal mucosa

The goat buccal mucosa excised from a goat cheek
pouch was obtained within 2 h of its death from the
slaughter house and kept immediately in phosphate buf-
fer solution. The buccal mucosa was isolated from the full
thickness of the tissue and finally washed with phosphate
buffer saline, pH 6.8.

Ex vivo mucoadhesion study

The mucoadhesive parameters (mucoadhesive strength,
force of adhesion and bonding strength) of all the fabri-
cated buccal patches were measured ex vivo (n = 3) by
a modified physical balance using excised porcine buccal
mucosa as described by Gupta et al.?’ A piece of excised

porcine buccal mucosa was tied to the open mouth of
a glass vial filled completely with phosphate buffer saline,
pH 6.8. The glass vial was tightly fitted in the center of
a beaker filled with phosphate buffer saline (pH 6.8; tem-
perature, 37 +1°C). The patches were stuck to the lower
side of the rubber stopper with glue. The mass (in g) re-
quired to detach the patches from the mucosal surface
gave the measure of mucoadhesive strength (shear stress).
The following parameters were calculated from mucoad-
hesive strength:!°

force of adhesion (N) = mucoadhesive strength x 9.81
1000

bonding strength (N/m?) = force of adhesion
surface area of mucosal surface (2).

Ex vivo permeability study

The formulated buccal patches that were evaluated for
the permeation of atenolol through the porcine buccal
mucosa were carried out using a Franz diffusion cell. The
effective diffusion area was 1.74 cm? The receptor com-
partment (40 mL) was filled with phosphate buffer saline,
pH 6.8, and its temperature was maintained at 37 +1°C.
The buccal cavity environment was stimulated by apply-
ing a magnetic stirrer (100 rpm). The patch was applied
under occlusion on the buccal mucosal surface fitted be-
tween the donor and receptor compartments of the diffu-
sion cell. Five milliliters of the sample from the receptor
medium was withdrawn at predetermined time intervals
and an equal volume of pre-warmed phosphate buffer sa-
line pH 6.8 was replaced immediately. The amount of at-
enolol released into the receptor compartment was quan-
tified by using a UV-VIS spectrophotometer (UV-1700
double beam spectrophotometer, SHIMADZU Corpora-
tion, Japan) at 274 nm against a blank.

Ex vivo permeation data analysis

Permeation flux: The amount of atenolol from the var-
ious buccal patches permeated through the excised por-
cine buccal mucosa was plotted against the function of
time. The slope and intercept of the linear portion of the
plots were derived by regression. The permeation fluxes
for each patch were calculated as the slope divided by the
mucosal surface area:!*

]ss = (dQ/dt)ss 1/A (3):

where J is the steady-state permeation flux (pug/cm?/h),
A is the area of buccal mucosa (cm?) through which drug
permeation takes place, and (dQ/dt) is the amount of
drug passing through the buccal mucosa per unit time at
a steady state (pug/h).
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Table 2. Average weight, thickness, drug content, folding endurance and moisture content of atenolol-containing buccal patches

Average weight (g)? 2.07 £0.08
Thickness (mm)® 0.58 +0.06
Drug content (%)° 9948 +2.78
Folding endurance 88

Moisture content (%) 1.21 +£0.09

@mean + standard deviation, n = 6.
b mean =+ standard deviation, n = 3.

Permeation kinetics: The data of ex vivo atenolol per-
meation from the various buccal patches through excised
porcine buccal mucosa were evaluated kinetically using
various mathematical models like zero order, first order,
Higuchi, and Korsmeyer-Peppas model equations.?!

Zero order model: F = Kyt, where F represents the frac-
tion of the drug permeated in time t and K is the zero
order rate constant.

First order model: In (1 - F) = -K;t, where F represents
the fraction of the drug permeated in time t and K; is the
first-order rate constant.

Higuchi model: F = Ky t!2, where F represents the frac-
tion of the drug permeated in time t and KH is the Higu-
chi rate constant.

Korsmeyer-Peppas model: F = K, t", where F repre-
sents the fraction of the drug permeated in time “t” and
K, is the Korsmeyer-Peppas rate constant, and “n” is the
diffusion exponent.

Again, the Korsmeyer-Peppas model was employed in
the ex vivo atenolol permeation behavior analysis of these
formulations to find out permeation mechanisms: Fickian
(non-steady) when n < 0.5, case-1I transport (zero order)
when n > 1, and non-Fickian (anomalous) when the value
of nis in between 0.5 and 1.2

Analysis of surface morphology

The surface morphology of these patches was examined
by scanning electron microscopy (SEM). The dried patches
were coated with gold sputter and then observed under scan-
ning electron microscope (JEOL, JSM 840, Japan).

Analysis of drug-polymer compatibility

The drug-polymer compatibility of the prepared patch-
es was analyzed by Fourier transform-infrared (FTIR)
spectroscopy. Pure drug (atenolol) and atenolol-contain-
ing buccal patches were scanned over a wave number
range of 3600 to 600 cm™ at a resolution of 4 cm™! using
a FTIR spectrophotometer (BRUKER). The system was
operated in transmission mode.

Statistical analysis

All data was analyzed with simple statistics. The simple statis-
tical analysis was conducted using MedCalc software v 11.6.1.0.

2.17 £0.09 2.08 £0.07 2.09 £0.07
0.60 +0.04 0.57 +0.06 0.58 £0.05
99.02 £2.57 9837 +2.68 98.66 +2.43
83 82 80
1.22 £0.07 1.36 +0.09 1.50+0.12

Results and discussion

The main aim of the research work was to formulate
and evaluate atenolol-(an anti-hypertensive drug) releas-
ing buccal patches containing the drug in a mucoadhesive
polymeric layer of fenugreek seed mucilage-HPMC and
a drug-free backing membrane composed of 1% w/v ethyl
cellulose using the solvent casting technique.

Average weight and thickness

The average weights and thicknesses of these atenolol-
containing buccal patches as a whole (54 ¢cm?) were mea-
sured within the range, 2.07 +0.08 to 2.17 +0.09 g and
0.57 +£0.06 to 0.60 +0.04 mm, respectively (Table 2).

Drug content

The uniformity of drug contents in 1 cm? of each buc-
cal patch were determined. The drug contents in all these
buccal patches varied between the range 98.37 +2.68 and
99.48 +2.78% (Table 2). This shows that the drug dis-
persed uniformly throughout the drug-containing poly-
meric layer.

Folding endurance

The folding endurances of these formulated buccal
patches were measured manually. The highest folding
endurance was observed in the case of F-1 (18) and the
lowest in the case of F-4 (10) (Table 2). It was observed
that the folding endurances of the patches were found to
be decreased with the decrease of fenugreek seed muci-
lage within the formula of these patches. The folding en-
durance study signifies flexibility of the designed buccal
patches.

Moisture content

The percentages of moisture content (%) of all these
atenolol-containing buccal patches were measured within
the range 1.21 £0.09 to 1.50 +0.12% (Table 2). The low
moisture content protects it from microbial contamina-
tion, reduces the bulkiness of the formulated patches and
gives it stability from brittleness.!*
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Table 3. Mucoadhesive parameters (ex vivo mucoadhesive strength, force of adhesion and bonding strength) of atenolol-containing buccal patches

Mucoadhesive strength in (g)?
Force of adhesion (N)?

Bonding strength (N/m?)?
@mean + standard deviation, n = 3.

Ex vivo mucoadhesion

The mucoadhesion of buccal patches may be defined as the
adhesion between the buccal patches and buccal mucosa. The
strength of the mucoadhesion is affected by various factors
such as the biological membrane used in the study, molecu-
lar mass, and the swelling rate of the polymers present in the
formulation.!® In this investigation, freshly excised porcine
buccal mucosa was used as the biological membrane. Various
mucoadhesive parameters like ex vivo mucoadhesive strength
(in gram), force of adhesion (N) and bonding strength (N/m?)
were measured by a modified physical balance using excised
goat buccal mucosa as described by Gupta et al® The results
of the ex vivo mucoadhesion study of atenolol-containing buc-
cal patches using excised porcine buccal mucosa are presented
in Table 3. Among all these formulated patches, the F-4 ateno-
lol-containing buccal patch showed maximum mucoadhesive
strength (31.12 +1.86 g), force of adhesion (30.53 x 1072 N),
and bond strength (1748.89 N/m?). It was observed that the
mucoadhesion of these patches was found to be increased
with the increment of fenugreek seed mucilage incorporation
in the buccal patch formula as the mucoadhesive polymer. The
ex vivo mucoadhesive strengths, forces of adhesion and bond-
ing strengths of these newly-formulated atenolol-containing
buccal patches were found satisfactory for mucoadhesion in
the oral cavity with the buccal mucosal surface.

Ex vivo permeation

The ex vivo permeation of atenolol from the various buc-
cal patches showed that the drug easily permeates through

—4-Fl -B-F! -F3 -k F4

cumulative %o atenolol permeated

4 5 6 T8 9 1w 11 12

time (h)

Fig. 1. Ex vivo atenolol permeation from the various atenolol-containing
buccal patches

2148 £1.36
21.07 x 10-2
1211.03

2312 +£1.27 26.82 £1.44 31.12£1.86
22.68 x 10-2 26.31x10-2 30.53x10-2
1303.49 1512.09 1748.89

the excised goat buccal mucosa during a period of 12 h and
is shown in Fig. 1. It was further found that the maximum
ex vivo drug permeation was 50.36 +2.43% over a period
of 12 hours in the case of the F-4 atenolol-containing buc-
cal patch, while the minimum ex vivo drug permeation was
found to be 42.17 +1.88% over a period of in the case of the
F-1 atenolol-containing buccal patch. The permeation fluxes
(J, pg/cm?/h) were calculated for each buccal patch and are
presented in Table 4. The permeation flux results showed the
maximum permeation flux (29.12 pug/cm?/h) for the F-4 aten-
olol-containing buccal patch, compared to that of the others.
To discover the permeation of atenolol from different
buccal formulations, it is necessary to fit it into a suitable
mathematical model. The ex vivo atenolol permeation data
from buccal patches across the excised porcine buccal mu-
cosa were evaluated kinetically using various mathematical
models like zero order, first order, Higuchi, and Korsmeyer-
Peppas model equations.?! The results of the curve fitting
of the ex vivo atenolol permeation data into these above-
mentioned mathematical models indicate the atenolol per-
meation behavior from these formulated buccal patches of
atenolol across the excised porcine buccal mucosa (Table 5).
The ex vivo atenolol permeations were found to follow the
first order model (R? = 0.9858 to 0.9943) over a period of
12 h of permeation across the excised porcine buccal mu-
cosa. The values determined for the diffusion exponent (n)
of the prepared atenolol-containing buccal patches ranged
between 0.69 and 0.76 (Table 5) indicating a non-Fickian
(anomalous) diffusion mechanism of drug permeation. The
anomalous diffusion mechanism describes both diffusion-
controlled, and swelling-controlled drug permeation.?*

Table 4. Permeation flux (J, ug/cm?/h) results for the various
atenolol-containing buccal patches

F-1 24.87
F-2 2503
F-3 27.28
F-4 29.12

Table 5. Results of the curve fitting of the ex vivo permeation data of the
various atenolol-containing buccal patches

Zero order model 09375 09637 09638 09552
First order model 09881 09858 09913  0.9943
Higuchi model 0.6457 06385 06361 0.6099
Korsmeyer-Peppas model 09134 09308 09161 0.9072
n (diffusion exponent) 0.69 0.72 0.74 0.76
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Surface morphology

An SEM microphotograph of the F-4 atenolol-con-
taining buccal patch is shown in Fig. 2. It shows a nearly
smooth surface with the presence of very few drug par-
ticles. This indicated good lamination of the polymers
within the patch, where the drug particles were homoge-
neously dispersed throughout the patch matrix. The pres-
ence of drug particles on the surface of the patch matrix
might be a result of their migration along with water to
the patch surface during drying.

Drug-polymer compatibility

The drug-polymer compatibility of the prepared
buccal patches was analyzed by FTIR spectroscopy.
The FTIR spectra of fenugreek seed mucilage, HPMC
K4M, ethyl cellulose, the F-4 atenolol-containing buc-
cal patch and the pure drug (atenolol) are presented
in Fig. 3. The FTIR spectrum of pure atenolol showed
various characteristic peaks of atenolol like at 3305 and
1416 cm! due to -O-H, at 1337 cm! due to -CH3, and
at 1036 and 1242 cm! due to -N-C, as expected.?” All
these characteristic peaks of pure atenolol appeared in
the spectra of the F-4 atenolol-containing buccal patch
without or with very minute shifting, indicating that
there was an absence of any chemical interaction be-
tween the drug (here atenolol) and the excipients used.
The intensity of the peaks of pure atenolol was dimin-
ished due to the molecular dispersion of the atenolol
in the polymer matrix of the buccal patch.

Fig. 2. SEM microphotograph of the F-4 atenolol-containing buccal patch
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Fig. 3. The FTIR spectra of fenugreek seed mucilage (a), HPMC K4M (b),
ethyl cellulose (c), the F-4 atenolol-containing buccal patch (d) and the
pure drug (atenolol)

Conclusion

From the present work, it can be concluded that in
such mucoadhesive buccal patches of atenolol made
of a mucoadhesive polymeric layer of fenugreek seed
mucilage-HPMC and a drug-free backing membrane
composed of 1% w/v ethyl cellulose using a solvent
casting technique, 1% w/v ethyl cellulose was found
suitable to provide a sustained buccal delivery of at-
enolol for prolonged periods in the management of
hypertension, which can be a good way to bypass the
extensive hepatic first-pass metabolism. In the future,
the in vivo ability of these newly-developed atenolol-
releasing buccal patches will be investigated.
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