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ABSTRACT

Transmucosal drug delivery including buccal, sublingual, nasal, rectal, and vaginal routes offers an effective alternative for
administering medications. Among these, oral transmucosal delivery is particularly practical because it is convenient,
efficient, and easily accessible. Despite these advantages, most products currently available on the market are limited to
tablets and films, even though a wide range of formulation strategies exists and the buccal and sublingual routes present
significant untapped potential. Compared with traditional oral and injectable dosage forms, drug delivery through the
buccal mucosa provides several long-term benefits, such as enhanced bioavailability and reduced risk of systemic side
effects, making it a promising option for controlled drug administration. Poor aqueous solubility and extensive first-pass
metabolism significantly limit the therapeutic effectiveness of many phytoconstituents when administered through
conventional oral dosage forms. Buccal drug delivery has emerged as a promising alternative strategy to overcome these
challenges by enabling direct absorption through the oral mucosa and bypassing hepatic first-pass metabolism. Buccal
films, in particular, offer several advantages such as prolonged residence time, improved patient compliance, ease of
administration, and the potential for controlled drug release. Incorporating poorly soluble phytoconstituents into buccal
films can enhance their solubility, dissolution rate, and bioavailability through the use of suitable polymers, permeation
enhancers, and formulation techniques. This approach not only improves therapeutic efficacy but also minimizes dose-
related systemic side effects. The present work highlights the potential of buccal film-based delivery systems as an effective
platform for improving the clinical performance of poorly soluble phytoconstituents and supports their application as a
viable alternative to conventional oral formulations...
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INTRODUCTION

Phytoconstituents bioactive compounds derived from
plants—have long held promise in the prevention and
treatment of diverse diseases due to their varied
pharmacological properties. However, many of these
natural compounds suffer from poor water solubility and
limited systemic bioavailability when given by
conventional oral routes, largely because of degradation in
the gastrointestinal tract and extensive hepatic first-pass
metabolism. These barriers significantly reduce the fraction
of active phytochemicals that reach systemic circulation,
ultimately limiting their therapeutic potential.

In recent years, transmucosal drug delivery has drawn
increasing interest as a strategy to address these limitations.
In particular, buccal drug delivery through the mucosal
lining of the cheek offers a means to transfer compounds
directly into systemic circulation, bypassing the liver’s
first-pass effect and avoiding the harsh environment of the
stomach and intestines. The buccal mucosa is highly
vascularized and easily accessible, making it a suitable
portal for systemic absorption of both small molecules and
larger bioactives. This route has been shown to improve
drug uptake and therapeutic efficiency compared with
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traditional oral dosing, with enhanced bioavailability and
often reduced systemic side effects.

Among transmucosal systems, buccal films have emerged
as one of the most promising platforms for systemic
delivery of poorly soluble drugs, including natural

adhere to the buccal mucosa and can be engineered to
release bioactives at controlled rates, enhancing residence
time and absorption
2.PHYTOCONSTITUENTS:
POTENTIAL AND CHALLENGES

THERAPEUTIC

Table No 1 Classification of phytoconstituents

phytoconstituents. These thin, flexible polymeric films

2.1 Classification of Phytoconstituents!®!"

Category

Type

Brief
Description

Examples

Phytoconstit
uents

Primary
Metaboli
tes

Essential
compounds
required for
plant
growth,
metabolism,
and cellular
functions;
they support
basic
physiologic
al processes
and act as

Carbohydr
ates,
proteins,
lipids,
amino
acids,
chlorophyll

Terpenoi
ds &
Steroids

Isoprene-
derived
compounds
contributing
to plant
aroma and
defense;
many
exhibit
significant
pharmacolo
gical
activities.

Essential
oils,
triterpenes,
saponins

Nitrogen

Containi

Bioactive
metabolites
containing

Alkaloids
(morphine,
caffeine)

precursors
for complex
molecules.
Seconda | Specialized
ry compounds
Metaboli | produced
tes mainly for
plant
defense and
environment
al
adaptation;
they are
largely
responsible
for the
therapeutic
effects  of
medicinal
plants.
Widely
distributed
plant
metabolites
containing
aromatic
rings;
known for
antioxidant,
anti-
inflammator
Y, and
antimicrobia
1 properties.

Phenolics,
alkaloids,

terpenoids,
glycosides

Phenolic
acids,
flavonoids,
tannins

Phenolic
Compou
nds

Secondary
Metabolites

nitrogen
atoms, often
showing
strong
physiologic
al and
pharmacolo
gical effects.
Diverse
specialized ids,
phytochemi | organosulf
cals  with | ur
notable compounds
biological
and
therapeutic
relevance.

ng
Compou
nds

Other
Compou
nds

Curcumino

2.2 Biopharmaceutical Challenges[11-15]

The therapeutic application of many phytoconstituents is
significantly limited by inherent biopharmaceutical
constraints. Most phytoconstituents possess poor aqueous
solubility, which restricts their dissolution in biological
fluids and results in low and erratic absorption. Even after
dissolution, limited membrane permeability and the
presence of efflux transporters further reduce systemic
uptake. Additionally, many phytoconstituents are
chemically unstable in gastrointestinal conditions and
undergo rapid degradation before reaching the systemic
circulation. A major challenge is extensive first-pass hepatic
metabolism, which markedly lowers the bioavailability of
orally administered phytoconstituents. Inter-individual
variability in gastrointestinal physiology and metabolic
activity further contributes to inconsistent therapeutic
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outcomes. Collectively, these biopharmaceutical challenges
necessitate advanced formulation approaches and
alternative delivery routes, such as buccal films, to enhance
systemic exposure and therapeutic efficacy.

3.1 Anatomy and Physiology of Buccal Mucosa[16-20]

Fig. No. 1-Anatomy and physiology of buccal mucosa
As Shown in Figure 1.....
The buccal mucosa lines the inner surface of the cheeks and
forms part of the oral cavity. It is composed of a non-
keratinized stratified squamous epithelium, which is
supported by the lamina propria and an underlying
submucosal layer rich in blood vessels. The thickness of the
buccal epithelium typically ranges between 500-800 pm,
providing a balance between protection and permeability.
The presence of an extensive vascular network beneath the
epithelium facilitates rapid drug absorption directly into the
systemic circulation. Unlike the gastrointestinal tract, the
buccal mucosa exhibits relatively low enzymatic activity,
reducing drug degradation. Drug permeation across the
buccal mucosa occurs mainly through transcellular and
paracellular pathways, making it suitable for systemic
delivery of drugs, particularly those that undergo extensive
first-pass metabolism when administered orally.
3.2 Advantages of Buccal Route[21-24]
Avoidance of First-Pass Metabolism
Improved Systemic Bioavailability
Rapid Onset of Action
Reduced Drug Degradation
3.3 Limitations of Buccal Delivery[25-29]
Limited absorption surface area
Pharmaceutical Technology
Low permeability

Short residence time

4. ADVANTAGES OF BUCCAL FILMS OVER
OTHER BUCCAL DOSAGE FORMS[30-32]

Improved Patient Compliance

No Swallowing Required

Rapid and Efficient Drug Absorption

Avoid First-Pass Metabolism

Accurate Dosage Delivery

Extended Contact Time

Better Stability and Handling

Table No. 2 Comparison table of formulations

Feature Bucc | Buccal Gels / | Patches
al Tablets Ointmen
Films ts

Swallowi | No Sometim | No No

ng es

required

Patient High Moderate | High

comfort Moderate

Dose High | High Low High

precision

Saliva Lower Lower

wash-off | Lowe High

risk r

Flexibility | Very | Rigid Low
Moderat
e

Ease of | Easy Difficult

handling Moderate Moderat
e

5. Characterization of Buccal Films[33-35]

The prepared drug-loaded matrix buccal films were
evaluated for physicochemical, mechanical, and
performance-related properties to assess their suitability for
buccal administration.

Texture and Surface Characteristics

Film texture, flexibility, homogeneity, softness, and surface
stickiness were initially evaluated by tactile examination to
obtain a qualitative assessment of handling properties and
patient acceptability.

Thickness and Surface pH

To ensure uniformity, film thickness was measured using a
digital micrometer at five distinct sites. The surface pH was
measured using a calibrated Thermo Fisher benchtop pH
meter after three films (1 cm? each) from each batch were
allowed to swell in 5 mL of distilled water for 30 minutes.
Drug Content Uniformity

Films (1 cm?) were cut from different regions of each batch
and immersed in a methanol-water solvent system. The
samples were agitated in a thermostatically controlled water
bath at 37 £ 1 °C for 6 hours to extract the drug. The
resulting solutions were filtered and analyzed by HPLC to
determine drug content.

Folding Endurance

Mechanical strength was assessed by repeatedly folding a 4
cm? film along the same axis until breakage occurred. The
quantity of folds sustained prior to tearing and folding
endurance was recorded.

Mucoadhesive Strength

Mucoadhesive strength was measured using a texture
analyzer with rabbit buccal mucosa as the biological
substrate. The mucosal tissue was mounted on a stationary
platform, and a 1 cm? film was attached to the probe. The
tissue surface was moistened with simulated saliva, and
contact was maintained for one minute before detachment.
Experimental parameters were selected based on previously
reported methods.

Swelling Behavior (Percent Hydration)

Swelling behavior was measured in terms of % hydration.
Films (1 cm x 1 cm) were first weighed (W1), placed on a
stainless-steel mesh, and immersed in 10 mL of simulated
saliva at 37 £ 1 °C. At regular intervals, films were
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removed, wiped to remove excess moisture, reweighed
(W2), and percent hydration was computed

In Vitro Drug Release Studies

Using a USP Type II dissolution apparatus using the paddle-
over-disc method, in vitro drug release from F1-F4 films
was evaluated. Films sized 2 cm x 1 cm were fixed to glass
slides and immersed in 900 mL of pH 6.8 simulated saliva
and were maintained at 37 £ 0.5 °C with a paddle rotation
speed of 50 rpm. At predetermined intervals, samples were
taken aside, filtered through a 0.2 pm membrane, and put
through HPLC testing.

Ex Vivo Permeation Studies

Franz diffusion cells with rabbit buccal mucosa were used
to analyze the ex vivo permeation of rizatriptan from
selected buccal films (F1 and F4) and a reference solution.
The effective diffusion area was 0.64 cm?. Films (0.6 cm?)
or a control solution with 0.6 mg of medication were placed
to the mucosal surface. The receptor compartment was
filled with 5 mL of synthetic saliva and swirled constantly
at 50 rpm. Samples were taken at regular intervals and
analyzed using HPLC. penetration flux was calculated as
the slope of cumulative drug penetration per unit area vs
time. All experiments were replicated six times (n = 6).

In Vivo Evaluation

Male rabbits weighing between 2.5 and 3.0 kg were
randomly divided into two groups (n = 6 per group).
Animals in Group I received the optimized F1 buccal film,
measuring 1 cm x 1 cm and containing 10 mg of rizatriptan,
which was applied directly to the buccal mucosa. Group II
animals received an equivalent dose of rizatriptan
administered orally as a gavage solution.

Prior to dosing, animals were anesthetized using ketamine
(40 mg/kg) in combination with xylazine (5 mg/kg). Blood
samples were collected at predetermined time points of 0.5,
1, 1.5, 2, 4, 8, and 12 hours post-administration. A 2-
propanol and acetonitrile mixture was applied to precipitate
plasma proteins, which were collected and spun for 10
minutes at 1789 x g. Using the proper analytical method,
the quantity of rizatriptan in the resultant supernatant was
determined.

6.BUCCAL FILMS FOR SYSTEMIC DELIVERY OF
PHYTOCONSTITUENTS[36-38]

Buccal films are gaining interest as a platform to deliver
plant-derived Dbioactive compounds (phytoconstituents)
systemically, overcoming limitations associated with
conventional oral administration such as poor solubility,
extensive first-pass metabolism, and low bioavailability.
Phytochemicals like curcumin and astilbin from herbal
sources demonstrate significant therapeutic potential (e.g.,
antioxidant, anti-inflammatory activities), yet their clinical
efficacy is often hampered by low systemic exposure when
taken orally. Buccal administration via mucoadhesive films
positions the active compounds directly over the
vascularized oral mucosa, enhancing absorption into the
systemic circulation while bypassing hepatic first-pass
effects. This approach has been explored using
self-emulsifying delivery systems incorporated into
polymeric films to improve the solubility and release of

herbal extracts such as Lysiphyllum strychnifolium stem
extract, indicating a safe and convenient route for
phytoconstituent delivery with acceptable mucosal
tolerance. Similarly, high-payload buccal films loaded with
curcumin-chitosan nanoparticle complexes have shown that
buccal film matrices composed of hydroxypropyl
methylcellulose or starch can accommodate significant
quantities of phytochemicals, enabling sustained release
and potential systemic uptake. These examples demonstrate
that tailored buccal film designs can support systemic
delivery of phytoconstituents by enhancing dissolution,
residence time, and absorption efficiency.
7. MECHANISMS FOR
BIOAVAILABILITY[39-42]

Buccal films enhance systemic bioavailability of drugs and
phytoconstituents through several key mechanisms:
Bypassing First-Pass Metabolism — Drugs absorbed
through the buccal mucosa enter systemic circulation
directly via veins draining the oral cavity, avoiding hepatic
metabolism and enhancing plasma drug levels.

Prolonged Residence Time — Mucoadhesive polymers
allow films to adhere to the mucosa, maintaining close
contact and increasing drug absorption window.

Improved Permeation — Permeation enhancers (e.g., fatty
acids, surfactants, terpenes) temporarily loosen epithelial
barriers or increase membrane fluidity, facilitating better
mucosal drug uptake.

Solubility Enhancement — Formulation strategies such as
solid dispersions, cyclodextrin inclusion complexes,
nanoparticles, or self-emulsifying systems increase drug
solubility in saliva, improving diffusion across the mucosa.
Controlled and Sustained Release — Film matrix
composition can modulate drug release rate, maintaining
optimal drug concentrations for absorption and reducing
peak-trough variability.

Direct Delivery to Vascularized Area — The oral mucosa is
highly vascularized, enabling rapid onset of action and
efficient systemic absorption, particularly for drugs with
poor oral bioavailability.

ENHANCED

8. REGULATORY CONSIDERATIONS AND SAFETY
ASPECTS[43-46]

When developing buccal films for systemic delivery,
regulatory compliance and safety are critical to ensure
patient safety, efficacy, and quality. Key considerations
include:

Material Safety and Biocompatibility — All polymers,
plasticizers, permeation enhancers, and excipients must be
GRAS  (Generally Recognized As  Safe) or
pharmaceutically approved. Natural polymers and herbal
extracts require thorough toxicological evaluation.
Drug—Excipients Compatibility — Compatibility studies
(e.g., FTIR, DSC) are essential to ensure no adverse
chemical interactions affect drug stability or safety.

Dose Uniformity and Content Accuracy — Films must meet
regulatory standards for uniform drug content, thickness,
and weight to ensure consistent dosing.

Microbial Safety — Buccal films, especially those with
aqueous components, must demonstrate microbial limits
compliance, with preservatives evaluated for safety.
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Irritation and Mucosal Tolerance — Safety assessments
include in vitro cytotoxicity and in vivo irritation studies to
confirm films do not damage oral mucosa or cause
inflammation.

Stability and Shelf-Life — Films must be physically and
chemically stable under recommended storage conditions.
Accelerated stability studies are often required for
regulatory submissions.

Regulatory Guidelines — Development and evaluation must
comply with FDA, EMA, or ICH guidelines for oral
transmucosal dosage forms, including quality, safety, and
efficacy parameters. For phytoconstituent-based films,
additional  documentation on herbal safety and
standardization is often needed.

9. FUTURE PERSPECTIVES AND RESEARCH
OPPORTUNITIES[47-54]

Advanced Polymers and Smart Materials — Development of
stimuli-responsive polymers that release drugs in response
to pH, temperature, or enzymatic activity could optimize
therapeutic outcomes.

Nanotechnology  Integration —  Incorporation  of
nanoparticles, nanocrystals, or lipid-based carriers into
buccal films can enhance solubility, stability, and mucosal
absorption of poorly soluble drugs and herbal compounds.
Combination Therapies — Films can be designed for multi-
drug or multi-target delivery, including combinations of
synthetic drugs and phytoconstituents for synergistic
effects.

Personalized Medicine Approaches — 3D printing and other
modern manufacturing techniques could allow patient-
specific doses and film shapes, improving compliance and
therapeutic precision.

Clinical and Safety Evaluations — More in vivo and clinical
studies are required to establish long-term safety,
pharmacokinetics, and patient acceptability, particularly for
phytoconstituent-based films.

Regulatory Harmonization — Clearer guidelines on
standardization, herbal component evaluation, and quality
control would accelerate the translation of buccal films
from research to clinical use.

Sustainability and Green Formulations — Exploration of
eco-friendly polymers and excipients can make buccal film
development more sustainable and patient-friendly.

10. CONCLUSION

Buccal films have emerged as a promising and patient-
friendly drug delivery platform capable of overcoming
many limitations associated with conventional oral dosage
forms. Their ability to bypass first-pass metabolism,
provide rapid onset of action, and improve systemic
bioavailability makes them particularly suitable for drugs
and phytoconstituents with poor oral absorption. Advances

in formulation strategies, including the use of
mucoadhesive  polymers, plasticizers,  permeation
enhancers, and solubility-enhancing techniques, have

significantly enhanced the performance and reliability of
buccal films. The incorporation of nanotechnology, lipid-
based systems, and smart polymers has further expanded
their potential for controlled and targeted systemic delivery.

In addition, growing interest in the buccal administration of
phytoconstituents highlights the role of buccal films as an
effective alternative for delivering natural bioactive
compounds with therapeutic relevance. Despite these
advantages, regulatory compliance, safety evaluation, and
long-term clinical validation remain critical for successful
translation from laboratory to market. Future research
focusing on personalized medicine approaches, advanced
manufacturing technologies such as 3D printing, and
sustainable formulation components is expected to drive
further innovation. Overall, buccal films represent a
versatile and evolving drug delivery system with significant
scope for clinical and commercial application in modern
pharmaceutical therapy..
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