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Abstract Mucoadhesive drug delivery systems have
been thoroughly investigated for their capacity to extend
the residence time of the dosage form at the absorption site,
thereby improving bioavailability and patient compliance.
This study aimed to develop and evaluate mucoadhesive
tablets containing the anti-Parkinson's drug piribedil, using
different mucoadhesive polymers. The matrix tablets were
prepared by the direct compression method and evaluated
for various physicochemical properties, in vitro drug
release, and ex vivo mucoadhesive  strength.
Pre-compression evaluations, including bulk density,
tapped density, angle of repose, compressibility index, and
Hausner’s ratio, demonstrated good flow properties of the
powder blends. Post-compression analyses confirmed
uniformity in tablet hardness, weight variation, thickness,
drug content, and friability, all within acceptable limits.
The in vitro drug release profile varied with polymer type
and concentration. Tablets with xanthan gum
exhibited >90% drug release within 6 hours, while those
with HPMC K4M and chitosan showed sustained release
profiles. Mucoadhesive strength and swelling indices
indicated optimal performance, with the formulation
containing HPMC K4M exhibiting superior bioadhesion
and controlled drug release. The stability studies conducted
on the optimized formulation (F6) revealed consistent drug
content and no significant degradation over three months,
adhering to ICH guidelines. These findings highlight the
potential of buccal tablets for effective and patient-friendly
drug delivery.

Keywords Mucoadhesion, Matrix Tablets, Piribedil,
Drug Release, Controlled Drug Release, Parkinson's
Disease

1. Introduction

Parkinson's disease, a progressive neurodegenerative
disorder, primarily affects muscle control, balance, and
movement, but can also impact senses, cognition, and
mental health [1]. The risk increases with age, typically
starting around 60, and is slightly more prevalent in men
[1]. While primarily age-related, early onset can occur in
rare cases, often with a family history of the condition [1].
As a dopamine agonist, piribedil is a standard medicine for
PD patients. Piribedil has a short half-life and is quickly
metabolized; therefore, a sustained-release formulation is
needed to increase therapeutic efficacy and patient
compliance [2-5].

The pharmaceutical industry has been actively working
on new drug delivery systems, with an emphasis on
increasing therapeutic targeting and bioavailability [2].
One method involves using mucoadhesive matrix tablets,
which have the potential to increase the amount of time a
medicine stays on the mucosal surface and to offer
regulated release of the drug [6]. An innovative method to
improve bioavailability, buccal medication administration
sidesteps the Gl tract's first-pass metabolism and
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degradation [7]. One way to administer drugs is through
the buccal and sublingual mucosa, two areas of the oral
cavity that are lined by mucosal membranes. Another way
is through the cheeks themselves [8].

Buccal tablets are designed as small, flat, oval-shaped
forms that offer a discreet and comfortable option
compared to traditional tablets [9]. They adhere to the
mucosa in various oral cavity locations, such as the palate,
cheek lining, and between the lip and gum, remaining in
place until dissolved or released. These tablets, typically
5-8 mm in diameter, are designed for drug absorption
through the mouth lining [10]. Mucoadhesion describes the
adherence of macromolecules to the mucosal membrane.
Insufficient mucoadhesion of buccal tablets can lead to
accidental dislodgement and swallowing, disrupting or
reducing drug absorption [11]. Therefore, ensuring
adequate mucoadhesion is crucial for maintaining the
tablet at the application site and achieving optimal
therapeutic effect.

This study focused on the development of mucoadhesive
buccal tablets for Piribedil, intended as an alternative drug
delivery system for the treatment of Parkinson's disease.

2. Material and Methods

2.1. Material

Pribidil mesylate was supplied by Triveni Chemicals
Vapi, India. Qualigens, from India, supplied the chitosan,
PVP K30, and Hydroxypropyl methylcellulose Methocel
K4M. The ingredients Aerosil® 200, magnesium stearate,
and xanthan gum were sourced from Sigma-Aldrich, Inc.
in India. S.D. Fine Chemicals, India supplied the
microcrystalline cellulose. The lab's other chemicals were
analytical grade and bought from an Indian company called
Loba Chemie Pvt. Ltd.

2.2. Preformulation Studies

2.2.1. Determination of Melting Point

The melting point was measured to verify the drug's
purity. The melting point apparatus was utilized to
ascertain the melting point of Piribedil mesylate (PBD)
[12]. A capillary tube was filled with a precise quantity of
drug powder. The capillary tube was sealed at one end and
filled with a sufficient amount of dried drug powder to
establish a column at the base of the tube. The column was
subsequently compacted as firmly as feasible through
controlled tapping on a stable surface. The capillary tube is
positioned within the heating block, and the heating
procedure is sustained until the melting phase is finalized.
The temperature range at which the powder initiated
dissolution and achieved full melting was recorded [13].
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2.2.2. Preparation of Calibration Curve

50 mg of piribedil was solubilized in 20 mL of methanol
within a 50 mL volumetric flask. The volume was adjusted
with PBS at pH 6.8 to achieve a stock solution
concentration of 1000 pg/mL. A calibration curve was
established using UV absorption at Amax 239 nm in PBS at
pH 6.8 to quantify the drug concentration [14]. To prepare
solutions with concentrations of 2, 4, 6, §, and 10 pg/mL,
aliquots of 0.2, 0.4, 0.6, 0.8, and 1.0 mL of the standard
stock solutions were transferred from Stock-1l into 10 mL
volumetric flasks. The calibration curve was constructed
by graphing the peak areas in relation to the quantity.

2.2.3. Drug-Excipients Compatibility Studies

FTIR spectrums of pure drug and mixture of drug with
polymers were taken in the range of 4000-400 cm using
KBr disc method and observed for characteristic peaks of
drug. The obtained spectra of physical admixtures were
observed for major peaks and recorded.

2.3. Preparation of Mucoadhesive Tablets of Piribedil
Mesylate

The buccal tablets of PBD were prepared using the direct
compression method, incorporating chitosan, HPMC K4M,
and xanthan gum as bio-adhesive polymers. All
components, including the active pharmaceutical
ingredient, polymer, and excipients, were measured with
precision in accordance with the batch formula (Table 1).
The pharmaceutical compound and all components,
excluding lubricants, were placed on a butter paper using a
stainless steel spatula, and the components were
thoroughly combined. Following the uniform blending of
the components, lubricant was incorporated and mixed for
an additional 2 minutes [15]. The formulated blend for
each composition underwent pre-compression utilizing a
tablet punching machine (Rimek Minipress 11 MT,
Ahmedabad).

2.4. Pre-Compression Characterization

The evaluation of the flow properties of the powder
mixtures was conducted before the tablet compression
process. The measurement of bulk density involved the
addition of 25 g of powder into a 50 mL graduated cylinder,
followed by the documentation of the resulting unpacked
volume. The tapped density was assessed utilizing a
Pharma Test PT-TD200 apparatus following 1000 taps.
The bulk and tapped densities were utilized to calculate
Carr's index and the Hausner ratio [16]. The angle of
repose for the powder mixtures was determined through
the use of a funnel apparatus. The powder was transferred
through a funnel onto a stationary pan, and the angle of
repose was determined by measuring the height and radius
of the resulting pile [17].
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Table 1. Composition of mucoadhesive buccal tablet of PBD
Ingredients mg/tablet F1 F2 F3 F4 F5 F6 F7 F8 F9
Piribedil mesylate 50 50 50 50 50 50 50 50 50
Chitosan 30 40 50 -
HPMC K4M - - - 30 40 50
Xanthan gum - 30 40 50
PVP 30 10 10 10 10 10 10 10 10 10
Lactose 30 20 10 30 20 10 30 20 10
McCC 25 25 25 25 25 25 25 25 25
Mg. Stearate 3 3 3 3 3 3 3 3 3
Talc 2 2 2 2 2 2 2 2 2
Total 150 150 150 150 150 150 150 150 150

2.5. Post-Compression Evaluation

The hardness of the tablets, which indicates their
resistance to breakage and chipping during handling and
transport, was assessed for five randomly selected tablets
utilizing a Monsanto tester. The mean hardness was
quantified in kg/cm=[18]. The tablets' thickness and
diameter were quantified utilizing a micrometer screw
gauge [19].

The measurement of tablet friability was conducted
utilizing a Roche friabilator. Ten tablets were measured,
positioned in the friabilator, and subjected to rotation at 25
rpm for a duration of four minutes. The tablets were
subsequently reweighed, and the percentage weight loss,
indicative of friability, was determined. Twenty tablets
were randomly chosen from each batch and weighed
separately. The mean weight of the tablets and the
associated weight variation were determined [20].

The uniformity of drug content was assessed using 10
tablets selected at random. Each tablet was pulverized into
a fine powder using a glass mortar and pestle [21]. A
precise amount of powder corresponding to 10 mg of PBD
was measured accurately and placed into a 100 mL
volumetric flask. The solution was prepared to
specification using PBS at pH 6.8. The absorbance
measurement was conducted at 239 nm utilizing a
UV-visible spectrophotometer.

The swelling index of the buccal tablet was assessed in a
phosphate buffer with a pH of 6.8. The initial weight (W1)
of the tablet was measured, after which the tablet was
positioned in 6 ml of phosphate buffer at pH 6.8 within a
petri dish and subsequently incubated at a temperature of
37+1<C. The tablet was extracted after 120 minutes and
subsequently reweighed (W2). The swelling index is
calculated by the formula:

Swelling index = (final weight - initial weight)/ initial
weight <100

Mucoadhesion studies were conducted utilizing a
modified physical balance apparatus. Goat buccal mucosa
was harvested and utilized as the model membrane. Goat
buccal mucosa was sectioned into small fragments and
affixed to the upper component of the modified physical
balance. The lower component was designed to bond with
a glass slide. The force necessary to separate the tablet
from the mucosal surface was measured, and the
mucoadhesive strength was quantified in grams [18].

In vitro drug release studies were conducted utilizing the
USP dissolution apparatus Type Il, employing the paddle
method. The dissolution medium consisted of 900 mL of
PBS at a pH of 6.8, maintained at a temperature of
3740.5<C and stirred at a rate of 50 rpm. At specified time
intervals, 5 mL of the sample was extracted and substituted
with an equivalent volume of fresh dissolution medium.
The samples underwent filtration using a 0.45 pm filter and
were subsequently analyzed with a UV spectrophotometer
set to 239 nm [22].

The refined formulation was sealed in aluminum foil and
maintained at 40T with 75% relative humidity for a
duration of six months, in accordance with ICH guidelines.
Samples were extracted at regular intervals and assessed
for active pharmaceutical ingredient concentration and
visual characteristics [23-26].

3. Results

The melting point of piribedil mesylate was determined
to be in the range of 247-251<C. The calibration curve of
piribedil in PBS pH 6.8 demonstrated excellent linearity,
achieving an R? value of 0.9995 within the concentration
range of 2-20 pg/mL (Table 2 and Figure 1). No additional
peaks are observed beyond the standard peak in the spectra
of the drug-excipient mixture, indicating no interaction
between the drug and excipients, confirming their
compatibility.
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Table 2. Calibration curve of PBD in PBS pH 6.8

Concentration (pg/ml) Absorbance Statistical Parameters Regressed
2 0.0942
4 0.1784
6 0.2853
8 0.3550 Correlation Coefficient
10 0.4542 r? = 0.9995
12 0.5513 Line Equation
14 0.6296 y = 0.0451x + 0.0034
16 0.7208
18 0.8112
20 0.9098
- Y
y = 0.0451x + 0.0034

g R2 = 0.9995
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Figure 1. Calibration curve of PBD

Table 3. Pre-compression characterization of drug excipient blend

Formulation Code PARAMETERS

Angle of Repose (0) BD (g/ml) TD (g/ml) Cl (%) HR
F1 28.2 0.36 0.49 26.53 1.36
F2 255 0.39 0.56 30.35 1.43
F3 28.1 0.39 0.48 18.75 1.23
F4 29.6 0.42 0.46 8.69 1.09
F5 25.7 0.40 0.46 13.04 1.15
F6 27.2 0.38 0.45 15.55 1.18
F7 27.1 0.41 0.53 22.64 1.29
F8 27.8 0.39 0.46 15.21 117
F9 27.4 0.45 0.54 16.66 1.20

The mucoadhesive tablets developed through the direct
compression method exhibited
pre-compression and post-compression characteristics.
The flow characteristics of the powder blends, assessed
through the angle of repose, Carr's index, and Hausner ratio,
fell within an acceptable range, demonstrating favorable
flow properties (Table 3) [26].

satisfactory

The tablet drug content was measured between
98.234#1.24% and 99.5242.08%, falling within the
established acceptable limits. The tablets exhibited a
hardness range of 5.3-7.0 kg/cm? demonstrating
satisfactory mechanical strength. The friability values for
all formulations were below 1%, indicating strong
mechanical resistance of the tablets (Table 4).
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The swelling index of the tablets ranged from 20.41% to  exhibited a peak mucoadhesive strength of 9.42g, as
58.13% after 2 hours, demonstrating effective detailed in Table 5 and illustrated in Figure 2.
mucoadhesive characteristics. The formulation F6

Table 4. Post-Compression Parameters of mucoadhesive buccal tablet of PBD

Formulation code Hardness (kg/cm?) Thickness (mm) Weight variation (mg) Friability (%) (%) Drug content
F1 5.940.4 25404 149.4140.32 0.2040.17 98.23+1.24
F2 5.340.2 29401 145.0940.57 0.1240.15 99.5242.08
F3 6.110.4 2.840.2 150.570.26 0.3530.14 98.48+1.62
F4 6.440.5 2.440.3 147.8620.39 0.2940.12 99.01+2.66
F5 5.940.3 2.740.2 147.7340.23 0.3040.16 98.2640.88
F6 7.010.4 25401 147.2530.62 0.3530.14 99.11+2.56
F7 6.240.3 2.840.3 152.7240.47 0.4240.13 99.1042.12
F8 6.410.4 2.940.3 149.0140.28 0.4530.18 98.65+1.64
F9 5.940.4 2.410.2 146.7240.43 0.4340.16 98.47+1.08

Table 5. % Swelling and Mucoadhesive Strength of buccal tablets

Formulation code % Swelling Mucoadhesive Strength(g)
F1 41.12 5.15
F2 30.53 5.48
F3 20.41 5.86
F4 58.13 7.82
F5 46.84 9.01
F6 30.45 9.42
F7 44.52 7.35
F8 36.84 7.98
F9 21.95 8.55
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Figure 2. Comparison of mucoadhesive strength of prepared buccal tablets
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The in vitro drug release studies demonstrated that the
formulations provided a sustained drug release for over 8
hours. The inclusion of HPMC K4M in the formulation led
to a reduced rate of drug release when compared to
alternative polymers (Table 6 and Figures 3-5). The

optimized formulation demonstrated excellent stability,
exhibiting no notable alterations in drug content or
physical appearance following a six-month storage period
at 40<C and 75% relative humidity.

Table 6. In vitro Cumulative % release of PBD from mucoadhesive buccal tablets

Time Cumulative % PBD release
(hrs) F1 F2 F3 F4 F5 F6 F7 F8 F9
0.5 7.76 8.30 9.64 8.74 8.32 7.64 18.81 17.93 15.48
1 19.36 19.09 18.49 22.07 21.55 21.02 35.21 34.57 30.71
2 34.36 32.06 31.55 37.12 36.55 35.88 51.27 50.14 45.29
4 64.71 59.25 54.72 56.18 54.23 51.17 80.25 78.83 69.91
6 99.58 98.19 94.52 69.28 65.23 60.92 91.74 88.24 79.81
8 79.18 71.64 69.45 99.41 96.34 88.22
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Figure 4. In vitro release profile of PBD from mucoadhesive buccal tablets (F4-F6)
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4. Discussion

Piribedil functions as a dopamine agonist and is utilized
in the management of Parkinson's disease. The
development of piribedil in a mucoadhesive matrix tablet
enhances the retention duration of the drug on the buccal
mucosa, thereby optimizing its bioavailability [2]. This
approach may be beneficial for patients with Parkinson's
disease, as it can enhance the therapeutic efficacy and
patient compliance by providing a sustained drug delivery
system.

This study involved the development of mucoadhesive
matrix tablets containing piribedil, utilizing various
mucoadhesive polymers including HPMC K4M, Carbopol
934P, and Sodium alginate. The powder blends
demonstrated favorable flow characteristics, as evidenced
by the angle of repose, Carr's index, and Hausner ratio
values [2, 3]. The appropriate flow characteristics of the
powder blend are crucial for the successful tableting
process and ensuring consistent drug content in the final
dosage form.

The tablet hardness and friability values were within the
acceptable limits, suggesting that the tablets had good
mechanical strength and resistance to chipping and
abrasion during handling and storage [3].

This is a crucial factor for ensuring the long-term
stability and integrity of the dosage form. The swelling
index of the tablets was elevated, suggesting effective
mucoadhesive characteristics. The swelling and adhesion
properties of the tablets to the buccal mucosa can extend
the drug's residence time, resulting in improved
bioavailability.

The optimized formulation demonstrated a sustained
drug release profile over 8 hours, attributed to the
formation of a gel layer upon hydration of the polymer,
which regulates the drug release. The sustained release

Formulation and Evaluation of Mucoadhesive Matrix Tablets Containing Piribedil

F8 F9
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In vitro release profile of PBD from mucoadhesive buccal tablets (F7-F9)

feature is advantageous for managing Parkinson's disease,
as it offers a more stable and extended therapeutic effect,
which may decrease the frequency of drug administration
and enhance patient adherence.

The stability studies indicated that the optimized
formulation maintained its integrity, showing no
significant alterations in drug content or physical
appearance after being stored at 40C/75% RH for six
months, highlighting its viability for commercial
development. This finding is significant, as it demonstrates
that the formulated mucoadhesive matrix tablets of
piribedil can sustain their quality and functionality under
the specified storage conditions, positioning them as a
suitable candidate for clinical application.

5. Conclusions

In conclusion, the present study successfully developed
and evaluated mucoadhesive matrix tablets of piribedil
using different mucoadhesive polymers. The developed
formulation  demonstrated  effective  mucoadhesive
characteristics, prolonged drug release, and stability when
subjected to the evaluated conditions. The results of this
research indicate that the formulated mucoadhesive buccal
matrix tablets of piribedil may represent an innovative
strategy for addressing Parkinson's disease.
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