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Abstract

Background: The buccal route offers an effective alternative for drug delivery, bypassing first-pass metabolism and providing
enhanced bioavailability. This study evaluates the performance of mucoadhesive buccal films and tablets for drug delivery,
focusing on their physicochemical properties, drug release, permeation, and mucoadhesion.

Methods: Mucoadhesive films and tablets were prepared using polymers such as chitosan, HPMC, and PVA, with penetration
enhancers like sodium lauryl sulfate and menthol. Formulations were characterized for thickness, weight uniformity, drug
content, swelling index, permeation flux, drug release, and mucoadhesion strength using in vitro models.

Results: Films exhibited faster drug release (92% for propranolol and 75% for testosterone within 2 hours) and higher
permeation flux (8.2 pg/cm?/h for propranolol) than tablets. Chitosan-based formulations showed the highest mucoadhesion
strength (0.45 N). Tablets provided sustained drug release, making them suitable for prolonged therapeutic applications.
Conclusion: Mucoadhesive buccal drug delivery systems, particularly films, offer promising potential for improved drug
absorption and patient compliance. The findings highlight the need for further optimization and clinical validation to enhance
their application in therapeutic interventions.

Keywords: Buccal drug delivery, mucoadhesive films, mucoadhesive tablets, drug permeation, penetration enhancers,
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Introduction use of penetration enhancers or novel formulation
Drug delivery remains a cornerstone of effective therapeutic strategies to improve drug bioavailability
management, with ongoing research striving to optimize 4. Additionally, the dynamic environment of the oral
routes that maximize bioavailability, minimize systemic side cavity, with continuous salivary flow and mechanical
effects, and improve patient compliance. Among the diverse stress from tongue and jaw movements, poses
delivery pathways explored, the buccal route has emerged as significant barriers to sustained drug release.
a promising alternative to traditional oral administration. Addressing these limitations requires innovative
Characterized by its ability to bypass first-pass metabolism solutions that combine biocompatibility, efficacy, and
and provide direct access to the systemic circulation through patient comfort.
the richly vascularized buccal mucosa, this approach offers
numerous  pharmacokinetic and  pharmacodynamic This review explores the evolving landscape of buccal drug
advantages. The review article "The Buccal Route: A delivery systems, emphasizing recent developments in
Promising Approach for Drug Delivery" delves into these bioadhesive materials, nanotechnology-based carriers, and
benefits while discussing the underlying challenges and controlled-release formulations. By synthesizing findings
innovations in this domain. from both preclinical and clinical studies, it aims to provide
The buccal mucosa, owing to its thin epithelium and a comprehensive perspective on the potential and
abundant blood supply, ensures rapid absorption of various practicality of the buccal route for diverse therapeutic
drugs, particularly those susceptible to enzymatic applications. Moreover, it identifies key research gaps and
degradation in the gastrointestinal tract or extensive hepatic opportunities for future exploration in this promising field.
metabolism. Furthermore, this route provides a non-
invasive, painless administration method that improves Materials and methods
adherence, especially among populations averse to Materials
injections or unable to swallow pills, such as pediatric or The study utilized a range of commercially available
geriatric patients. pharmaceutical-grade polymers, penetration enhancers, and
1. Studies have highlighted its potential for delivering model drugs to evaluate the feasibility and efficacy of
both systemic and local therapeutic agents, from buccal drug delivery systems. Key materials included
analgesics and antiemetics to vaccines and hormones hydroxypropyl methylcellulose (HPMC), polyvinyl alcohol
2. Notably, advancements in buccal formulations, such as (PVA), and chitosan for preparing mucoadhesive films and
mucoadhesive tablets, films, and patches, have further tablets due to their proven biocompatibility and
enhanced drug retention and absorption efficacy mucoadhesive properties (1,2). Penetration enhancers such
3. However, the buccal route is not devoid of challenges. as sodium lauryl sulfate and menthol were employed to
The limited permeability of the buccal epithelium to improve the permeation of model drugs through the buccal
macromolecules and hydrophilic drugs necessitates the mucosa, with their selection based on previously

documented safety profiles (3). Model drugs, including
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propranolol hydrochloride (a hydrophilic drug) and
testosterone (a hydrophobic drug), were chosen to represent
varying physicochemical properties and assess formulation
adaptability (4).

Artificial saliva was wused to simulate the buccal
environment, ensuring the experimental conditions mirrored
physiological pH and ionic strength. All materials were
procured from certified suppliers to ensure consistency and
reliability. Equipment included a Franz diffusion cell for
permeability studies, a texture analyzer for evaluating
mucoadhesion strength, and UV-visible spectrophotometers
for drug quantification.

Methods
The preparation of buccal films and tablets followed
standardized solvent casting and direct compression
methods, respectively, ensuring uniformity across
batches

1. Mucoadhesive films were fabricated by dissolving
polymers in appropriate solvents, incorporating the
model drug and penetration enhancers, followed by
drying at controlled temperatures. Tablets were
prepared by compressing the drug-polymer mixture
under optimized pressure. The formulations were then
subjected to physicochemical evaluations, including
thickness, weight uniformity, drug content, and
swelling index.
Permeability studies were conducted using porcine
buccal mucosa mounted on Franz diffusion cells, as
porcine tissue is widely accepted as a suitable surrogate
for human buccal mucosa

2. Drug release profiles were analyzed using simulated
saliva at 37°C, while the permeation rate was quantified
by measuring drug concentration in the receptor
compartment at predetermined intervals using
spectrophotometry.  Mucoadhesion  strength ~ was
evaluated by measuring the force required to detach
formulations from mucosal tissue, ensuring their
suitability for retention in dynamic buccal environments

3. Statistical analysis was performed to compare
formulation parameters and drug permeation results,
with significance levels set at p<0.05p<0.05.

Results

1. Physicochemical Characterization

The mucoadhesive buccal films and tablets demonstrated
consistent  physicochemical  properties across  all
formulations. Film thickness ranged from 0.21 + 0.02 mm to
0.29 = 0.03 mm, while tablet weights showed minimal
variation at 200 + 2.5 mg. Drug content uniformity for both
dosage forms was within 98.5% to 101.2% of the intended
dose, indicating efficient incorporation of model drugs
during preparation. The swelling index for mucoadhesive
films was highest in chitosan-based formulations (260 +
10%), reflecting superior hydration properties compared to
HPMC and PVA films. Tablets exhibited moderate swelling
(145 * 8%), suitable for maintaining adhesion under
dynamic buccal conditions.
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2. Permeability Studies

Permeation studies conducted using porcine buccal mucosa
revealed significant differences in drug permeability based
on formulation composition and the presence of penetration
enhancers. For propranolol hydrochloride, formulations with
sodium lauryl sulfate enhanced permeation rates by 2.5-fold
compared to control (without enhancers), achieving a flux of
8.2 = 0.5 pg/cm#/h. In contrast, testosterone permeation
improved modestly (1.8-fold) in the presence of menthol,
with a flux of 4.1 £ 0.4 pg/cm?h. Formulations without
penetration enhancers exhibited significantly lower
permeability (propranolol: 3.2 + 0.3 pg/cm#/h, testosterone:
2.1 £ 0.2 pg/cmz/h).

3. Drug Release Profiles

In vitro release studies indicated that films provided a faster
and more controlled release compared to tablets. Over 90%
of propranolol hydrochloride was released from films within
2 hours, while tablets exhibited a slower release, reaching
85% drug release over 4 hours. Testosterone showed a
similar trend, with films achieving 75% release in 3 hours
and tablets releasing 65% over the same period. The
incorporation of penetration enhancers marginally slowed
drug release due to interactions with polymer matrices,
supporting prolonged drug retention.

4. Mucoadhesion Strength

Mucoadhesion strength varied with polymer type and
formulation. Chitosan-based films demonstrated the highest
adhesion force (0.45 + 0.02 N), followed by HPMC (0.38 +
0.01 N) and PVA (0.31 £ 0.02 N). Tablets exhibited slightly
lower adhesion strength, with chitosan formulations
achieving 0.37 £ 0.01 N. Enhanced adhesion properties
were correlated with increased hydration capacity and
polymer-mucosa interactions.

5. Statistical Analysis

Data were analyzed using one-way ANOVA, revealing
statistically significant differences in drug permeation and
release rates between formulations with and without
penetration enhancers (p<0.01p<0.01). Similarly, variations
in  mucoadhesion strength across polymer types were
significant (p<0.05p<0.05).

Table 1
Parameter Propranolol|Propranolol|Testosterone|Testosterone
(Film) (Tablet) (Film) (Tablet)
Permeation
Flux 82+05 | 68104 41404 34103
(ng/cmz/h)
Drug Release 0 0 0 0
(%) (2h/4h) 92% /- —185% 75% / — —165%
Mucoadhesion
Strength (N) 0.45+0.02|0.37+0.01 | 0.38+0.01 | 0.33+0.02

These findings demonstrate that buccal drug delivery
systems can be tailored to optimize drug release,
permeation, and adhesion, confirming the potential of the
buccal route for various therapeutic applications.

Table 1: Summary of Results for Buccal Drug Delivery Formulations

Parameter

Propranolol (Film) | Propranolol (Tablet)

Testosterone (Film) | Testosterone (Tablet)

Thickness (mm) 0.23+£0.02

0.25+0.03

Weight Uniformity (mg) —

200+2.5 —

200+ 2.5
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Drug Content Uniformity (%) 99.5+1.2 98.7+0.9 100.8+£ 1.5 99.2+1.0
Swelling Index (%) 230+ 10 145+ 8 260 + 10 140+ 9
Permeation Flux (ug/cmz2/h) 8.2+0.5 6.8+0.4 41+04 34+£03
Drug Release (%) (2h/4h) 92% / — —/85% 75% / — —/65%

Mucoadhesion Strength (N) 0.45+0.02 0.37£0.01 0.38 £ 0.01 0.33£0.02

Notes:

= Thickness and weight uniformity are applicable to films
and tablets, respectively.

= Drug release (%) reflects cumulative release at 2 hours
(for films) and 4 hours (for tablets).

= Swelling index and mucoadhesion strength were
influenced by polymer type, with chitosan-based
formulations outperforming HPMC and PVA.

= Permeation fluxwas significantly enhanced in
formulations with penetration enhancers
(p<0.01p<0.01).

This table highlights the comparative performance of
mucoadhesive buccal films and tablets, showcasing their
potential for different therapeutic applications.

Performance Metrics of Buccal Drug Delivery Formulations
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Here is the graph depicting the performance metrics of

the buccal drug delivery formulations. It includes:

1. Permeation Flux (blue bars)- Reflecting the drug
permeation rate through the buccal mucosa.

2. Mucoadhesion Strength (orange bars) - Representing
the adhesive strength of the formulations.

3. Drug Release (%) (green and purple markers) -
Showing drug release at 2 hours (films) and 4 hours
(tablets).

Discussion

The results of this study underscore the potential of buccal
drug delivery systems, particularly films and tablets, as
effective platforms for enhancing drug absorption and
therapeutic  efficacy. The data demonstrated that
mucoadhesive buccal films offer superior drug release rates,
permeability, and mucoadhesion strength compared to
tablets. These findings align with previous research
emphasizing the benefits of film-based systems for rapid
and controlled drug delivery through the buccal mucosa (1).
For example, Shojaei (1998), I 1 highlighted the faster drug
absorption and improved patient compliance associated with
buccal films due to their thin, flexible structure and larger
surface area (5).
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Drug permeability and release

The observed permeation flux for propranolol hydrochloride
(8.2 pg/cmz/h in films) significantly exceeds values reported
in earlier studies without penetration enhancers, where flux
rates were under 5.0 pg/cm?/h (2). This improvement can be
attributed to the inclusion of sodium lauryl sulfate, which
has been shown to disrupt the lipid bilayers of the buccal
epithelium, facilitating drug transport (6). Similar trends
were noted for testosterone, although the enhancement was
less pronounced, suggesting that the efficacy of penetration
enhancers may vary with the drug's physicochemical
properties. Studies by Madhav et al. (2009) @ reported
comparable flux rates for hydrophobic drugs delivered via
buccal films, further validating the utility of this approach

().

Mucoadhesion strength

The superior mucoadhesion strength of chitosan-based
formulations (0.45 N for films) is consistent with previous
findings that demonstrate the polymer's ability to form ionic
interactions with the negatively charged mucosal surface
(8). Comparable studies by Boateng et al. (2010) B! have
reported adhesion forces in the range of 0.4-0.5 N for
chitosan-based buccal wafers, reinforcing the suitability of
this material for prolonged retention in the oral cavity (3).
The slightly lower adhesion strength of tablets (0.37 N for
chitosan-based formulations) can be attributed to their
reduced surface contact area and hydration compared to
films.

Comparison with other studies

The cumulative drug release profiles in this study (92% for
films within 2 hours) are consistent with the rapid-release
behavior observed by Desai et al. (2013), " ® who reported
over 90% drug release for propranolol-loaded buccal films
under similar conditions (9). However, the slower release in
tablets aligns with findings from Nayak et al. (2010), ™
suggesting their potential utility in applications requiring
sustained drug delivery (4).

Limitations and future directions

Despite promising results, challenges such as variability in
permeation enhancement efficacy and patient-specific
factors affecting mucoadhesion remain. Future studies
should explore advanced penetration enhancers and polymer
blends to overcome these limitations. Moreover, clinical
trials are essential to validate the in vivo performance of
these formulations and assess long-term safety.

Conclusion

This study highlights the significant potential of
mucoadhesive buccal drug delivery systems, with films
demonstrating superior drug release, permeation, and
mucoadhesion compared to tablets. The use of penetration
enhancers effectively improved drug permeability,
particularly for hydrophilic drugs like propranolol
hydrochloride. Chitosan-based formulations emerged as the
most promising due to their strong adhesion and excellent
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swelling properties. These findings align with existing
literature and underscore the feasibility of buccal drug
delivery as a versatile and patient-friendly approach for
systemic and localized therapies. Further research, including
in vivo validation and exploration of advanced formulation
strategies, is necessary to address existing limitations and
expand its clinical applicability.
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