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1.0 Introduction:

Buccal films are mucoadhesive oral dosage forms made up of an active ingredient, a
hydrophilic polymer, and additional excipients. Films are applied to the buccal mucosa's
inner membrane, where they hydrate, adhere, and dissolve the drug after coming into contact
with saliva. This can have either local or systemic effects. They are promising substitutes for
traditional oral formulations because of their great flexibility, ease of application, accurate
dosage, and greater area of drug absorption. They have been demonstrated to enhance drug
efficacy and bioavailability, lower dosage and frequency of administration, and lessen the
toxicity brought on by traditional drug therapies. They are intended to be oral delivery

systems for substances with adverse pharmacokinetic characteristics. [1]

The buccal mucosal lining offers some distinct advantages over oral drug delivery. It is highly
vascularized and exhibits reduced enzymatic activity, less sensitivity, ease of administration
and expulsion of the dosage form in the event of adverse effects, avoidance of stomach acid
hydrolysis, and circumvention of the hepatic first-pass effect. Because it increases the drug's
bioavailability, it requires a lower dose and causes fewer dose-related side effects than other
administration methods. Furthermore, compared to other non-oral drug delivery methods,
buccal administration shows superior patient adherence. Because of the direct access to the
jugular vein and the prolonged therapeutic effect, this route is ideal for powerful medications,
particularly those intended for acute conditions with quick clinical response. [2-4]

Polymeric matrices loaded with drugs have been employed for the regulated buccal
administration of antifungals and antimicrobials. Furthermore, the majority of oral illnesses
can be administered locally, eliminating the need for drug ingestion and systemic distribution.
Formulations that extend the duration of medication release in the mouth provide significant
benefits for both preventing and treating local illnesses. It is possible to apply sustained or
controlled-release medication to the buccal mucosa delivery method that could sustain a
consistent drug release.[5]

The short residence time at the site of application is one specific issue that many drug
delivery systems share when treating oral cavity diseases. Since an efficient buccal release
system should be flexible and bio adhesive by nature to ensure drugs/therapeutics stay in the
oral cavity for a desired period of time, the use of bio adhesive polymers as delivery vehicles
has garnered significant attention in recent years as a solution to this issue.[6]

Dental decay, gum and periodontal diseases, and oral cancer are among the common
pathologies of the oral cavity; oral squamous cell carcinoma (OSCC) accounts for over 80—
90% of all oral cavity neoplasms. [7,8]

Different infectious pathogens and modifiable risk factors, such as poor hygiene, sugar
consumption, tobacco use, alcohol consumption, and other harmful habits, are the causes of
oral diseases; their impact is influenced by a number of social and commercial factors. Many
oral health issues could be prevented or treated in their early stages, according to a World
Health Organization (WHO) resolution. [9-11]
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Antimicrobial resistance is influenced by a variety of factors, but the misuse of antibiotics
and the lack of effective antibiotics on the market are the main causes of the global spread of
antibiotic-resistant bacteria.[12]

In order to prevent the spread of antimicrobial-resistant pathogens, this crisis necessitates
international cooperation and a thorough effort to develop and manufacture efficient
antimicrobial agents.[13]

2.0 Novel Buccal Dosage Form:

The buccal dosage forms of the novel type include buccal adhesive films, tablets, patches,
and semisolids (ointments and gels), powder [14]. Tablets for buccal mucoadhesive are dry.
Dosage forms, which become moist when come into contact with the buccal mucosa [15]. For
instance, a double-layer tablet made up of HPC's adhesive matrix layer and polyacrylic acid
with a cocoa core inside insulin-containing butter and a penetration enhancer.[16]

2.1 Buccal patch and film:

Buccal patches are made of two laminates, with an aqueous solution of the adhesive polymer
cast on a consistent, permeable backing sheet that is then cut into the desired shape [17]. Zi
lactins a novel mucosal adhesive film made from an alcoholic solution of HPC and three
organic acids. Even when challenged, the film applied to the oral mucosa can stay in place for
at least 12 hours.[18]

2.2 Semisolid preparation (Ointments and gels)

Solid bio adhesive dosage forms are more patient-friendly than bio adhesive gels or
ointments, and the majority of these dosage forms are only utilized for oral cavity local
therapy.[19] "Oral base," one of the first oral mucoadhesive delivery systems, is made up of
finely ground pectin, gelatin, and Na CMC distributed in a minute. [20]

2.3 Powders:

Powdered beclomethasone and HPC form when applied to the oral mucosa of rats, a notable
rise in the number of times in relation to an oral solution is observed, and 2.5% of
beclomethasone is kept on buccal mucosa for more than four hours [21]. Taste, irritation,
allergies, and unfavorable characteristics like tooth erosion or discoloration can restrict the
list of potential medications for buccal path. A mucoadhesive might be present in the film.

Layer of polymer that attaches to the oral Drug properties can draw a line for using the oral
cavity as a location for medication administration. The patch is taken off from the mouth and
eliminated following a designated time [22].

3.0 Materials and methods:

The primary film-former was starch (0.50 g), and to increase flexibility and muco adhesion,
HPMC EI15 (0.10 g) was added. The medication (0.10 g) was the active ingredient, and
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glycerol (0.15 g) was the plasticizer. A 50 mL casting solution was prepared using water as
the solvent. After heating the starch with water until it gelatinized, it was allowed to cool
somewhat. Glycerol, the medication, and HPMC were added one after the other while being
constantly stirred. To achieve homogeneous films, the mixture was completely mixed,
degassed to eliminate air bubbles, cast onto a level surface, and dried at 4045 °C or room

temperature.

4.0 Composition of buccal film:

The following characteristics must be present in the oral films' active ingredients: The
standard drug must be taken in tiny doses.[23]

1. Controlled drug dosage is an excellent option for medications having a biological half-life
of two to eight hours. Oral delivery results in larger values or more variations in the drug's
maximum dosage.

ii. Plasticizer: The plasticizer has a significant impact on the mechanical characteristics of
films. mechanical characteristics of films, like elongation and tensile strength. These
characteristics are impacted by variations in plasticizer content. The plasticizer makes the
membrane more flexible and less brittle.[23]

iii. Mucoadhesive polymers: Depending on the formulation type, polymers with various
characteristics must be taken into account.[24]

iv. Sweeteners: In the oral integrated medication delivery system, sweeteners are becoming
crucial excipients. Children are especially sensitive to the preparation's sweet flavor. Both
artificial and natural sweeteners are used to enhance the flavor of oral treatments.[24]

v. An agent that stimulates saliva: Increasing the rate of saliva secretion by the use of
chemicals that promote saliva production is intended to facilitate the quicker integration of
rapidly dissolving film preparations. Acids are generally utilized as salivary stimulants in
food preparation.[25]

vi. Flavoring agent: Another material known as a flavoring agent may be present in an oral
dispersible system. [26]

S. No | COMPOSITION OF | QUANTITY%
FILM
1. Active pharmaceutical agent 1-25
2. Film forming polymer 40-50
3. Plasticizer 0-20
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4. Saliva stimulating agent 2-6
5. Sweetening agent 3-6
6. Flavouring agent 10
7. Colouring agent 1

5.0 Preparation of buccal film:

Aluminum foil cups placed on a glass surface were utilized as the substrate for the solvent
casting process used to create buccal films of chlorhexidine [27]. HPMC-E15 Propylene
glycol, a plasticizer, was used in a 30% w/w concentration. The predicted amounts of
polymers were dispersed in ethanol, which served as the solvent. After pulverization with
30% w/w propylene glycol, three hundred mg of chlorhexidine were added to the polymeric
solutions to act as a plasticizer and penetration enhancer. To achieve clear, bubble-free gels,
the medicated gels were left at room temperature for the whole night. Medicated gels were
put into the vials and securely sealed with rubber closures to stop the alcohol from
evaporating. To create a flexible film, the gels were cast into 4.5 cm-diameter aluminum foil
cups, set on a glass surface, and let to cure overnight at ambient temperature (25°). Before
being used again, the dried films were cut into 20 mm diameter pieces, wrapped in aluminum
foil, and kept in a desiccator.[28]

Addition of Drug Polymer of Addition of Sweeter
and Polymer Solution and flavour

Casting into Petri
Buccal film plate

6.0 Mucoadhesive polymer used 1n oral cavity:

Muco adhesion is primarily caused by polymer hydration and swelling due to water diffusion
and subsequent mucin dehydration. Swelling should strengthen the mucoadhesive strength
by encouraging polymer chain flexibility and mucin chain interpenetration. The polymer to
be utilized for buccal formulation is determined by its degree of spread ability and capacity to
create distinct kinds of intermolecular linkages at different hydration stages. The methods of
adhesion between the polymer and mucin are explained by a variety of theories, including
wetting, diffusion, fracturing, adsorption, electrical and dehydration. Wetting theory states
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that the muco adhesion between the surfaces can be explained by the spreading coefficient
and work of adhesion.[28]

Quantitative assessment of a material's wetting using contact angle using wetting theory, a
goniometer can measure muco adhesion. According to fracture theory, the mucoadhesive
strength is determined by the force needed to separate the mucosal membrane from the
contact surface.[29]

The adhesive force between the two contact surfaces is usually measured using a texture
analyzer and modified balance.[30] According to diffusion theory, the penetration rate and
depth are determined by a concentration gradient-driven diffusion process involving
mucoadhesive polymer and mucin.[31] Numerous variables, including molecular mass,
viscosity, elasticity, crosslinking density, hydrogen bonding capacity, charge, solubility,
hydration, swelling, and contact time, affect the polymer's diffusion coefficient.[32]

Diffusion-based interlocking between the polymeric platform and the mucus glycoprotein
chain could be assessed by measuring the degree of hydration and swelling index. Electronic
theory states that an electric double layer and subsequent muco adhesion result from electron
transfer caused by attraction between oppositely charged surfaces [33]. Muco adhesion is
explained by the adsorption theory as a physicochemical interaction between the contacting
surfaces due to weak secondary intermolecular interactions or strong primary bonds.

The mucoadhesive qualities of catechol-cross linked chitosan and mucin were assessed.
Surface plasmon resonance spectroscopy analysis of the residual amount of catechol-tethered
chitosan showed approximately 10 hours of in vivo retention and a four-fold increase in muco
adhesion when compared to unmodified chitosan and chitosan with poly (acrylic acid)
following oral administration. The analysis unequivocally shown that conjugating polymers
with catechol groups can enhance their intrinsic mucoadhesive properties.[34]

A recent study examined the muco adhesion to hydrated buccal tissue and the efficient buccal
administration of dexamethasone loaded in poly (lactic-co-glycolic acid) (PLGA)
nanoparticles using a mussel-inspired mucoadhesive buccal film made from PVA-DOPA.
[35]

7.0 Rationalist approaches:

7.1 Cardiovascular disease

One of the main cardiovascular conditions, hypertension, requires lifelong treatment to stay
under control. The majority of antihypertensive medications, include isosorbide mononitrate,
carvedilol, metoprolol, and propranolol. A lower effective dose of carvedilol, a model
antihypertensive medication, is reportedly 3.125 mg, however the recommended dosage is
0.025 g twice daily. Therefore, a lesser dosage of medication can successfully deliver the
typical dose effect by extending the contact period and avoiding first pass metabolism. Once
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more, by maintaining the medication release, frequent drug administration can be avoided,
improving patient compliance [35-37]

7.2 A migraine

It is believed that migraines are caused by the dilatation of specific blood arteries in the brain.
The "triptan" class of medications, which includes sumatriptan, zolmitriptan, and rizatriptan,
is used to treat the condition. Both the nasal and subcutaneous routes have drawbacks, such
as the nasal solution's shorter retention period and the injectables' incapacity to self-
administer [38-39].

7.3 Vomiting and nausea

Ondansetron HCI, which was selected as a model medication to treat postoperative nausea
and vomiting related to emetogenic cancer treatment, has two qualities that a medication
should have in order to be absorbed through the buccal mucosa: low molecular weight and
biphasic solubility. Because of its low dose (4—8 mg) and 50%—60% absorption when taken
orally, it can be easily put onto a patch [40-42].

8.0 Therapeutic approach:

8.1 Anti-inflammatory medication

One of the main causes of diseases of the oral cavity is inflammatory processes [43].
Gingivitis, periodontitis, stomatitis, oral ulcers, and other oral cavity pathologies are treated
with topical administration of different nonsteroidal anti-inflammatory medications. They
have the advantage of lowering the dosage, minimizing the severity of systemic side effects
due to the drug's localization in the target tissue [44-46]

8.2 Antimicrobial therapy

Films of chlorhexidine for topical treatment of oral disease in order to minimize side effects
and potential drug interactions during systemic therapy, as well as to guarantee a satisfactory
drug level in the mouth for an extended period of time [47]. In an effort to treat a variety of
oral dental infections, mucoadhesive sodium fluoride was created [46]. Chitosan-based
buccal films were created using chlorhexidine diacetate [48]. For possible use as an
antimicrobial agent to treat oral infections, complexes containing starch and HPC were
prepared and added to a mucoadhesive [49]. A palatal mucoadhesive buccal film containing a
formulation [50-51] was created in an effort to eliminate oral.

HPMC, starch, and glycerol were used as the gel-forming ingredients to create a novel
mucoadhesive gel of chlorhexidine [52].
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9.0 Drug absorption pathway:

9.1 Enzymatic breakdown and salivary washout

Proteases, esterases, and amylases found in saliva and mucosal tissues quickly break down
peptide-based and labile drugs, especially large biopharmaceuticals.[53-55]Protein-based
agents may lose up to 90% of their activity within 30 minutes of exposure, highlighting their
instability.[56] Mucoadhesive polymers like chitosan and carbopol increase contact time but
exhibit inconsistent adhesion influenced by patient-specific factors.[57] Nanocarriers, such as
liposomes, improve mucosal penetration, achieving up to 3.2-fold increased delivery with
over 80% protection. [58]-fold increased delivery with over 80% protection. By releasing
medications in reaction to physiological stimuli, stimuli-responsive hydrogels improve
targeting even more. For instance, pH-sensitive nanospheres released 80% of metronidazole
at pH 6.5 as opposed to less than 50% at pH 7.4.31 Despite these developments, formulation
instability, scaling problems, and a lack of long-term safety evidence continue to hinder
clinical translation. [59-60]

9.2 Limitations of mucosal permeability

The oral mucosa exhibits region-specific permeability; non-keratinized areas, like the buccal,
sublingual, and ventral tongue mucosa, are ideal for drug transport due to their rich
vascularity, thin epithelium (100-200 um), and increased permeability. Tight intercellular
junctions, a dense mucin coat (50-500 um), and stratified squamous epithelium (15-30
layers) form a strong barrier for hydrophilic molecules and macromolecules like peptides,
proteins, and nucleic acids, which frequently exhibit absorption rates below 5-10%. [61]

Because of their thicker epithelium (up to 500 pum) and compact lipid architecture,
keratinized areas like the gingiva and hard palate offer mechanical resilience but have two to
five times lower permeability. [62] This heterogeneity calls for careful site selection and
sensible delivery system design. By temporarily loosening tight connections or avoiding
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mucus, advanced techniques like penetration enhancers, chitosan-modified nanoparticles, and
muco-penetrating carriers significantly increase drug flow and therapeutic efficacy. [63-65]

10.0 EVALUATION TEST:

10.1 Minimum Bactericidal Concentration

The wells displaying the bacteria inhibited by the previously described broth microdilution
method were subsequently plated on Mueller Hinton agar (MHA) and fungal inhibition on
Dextrose Agar, and they were cultivated at 370 degrees for 20 hours. The lowest drug
concentration that killed 99.9% of bacteria or fungi and prevented any growth on plates was
known as the Minimum Bactericidal Concentration (MBC).

P V.
§F N

10.2 Time-killness kinetics

Escherichia coli ATCC 25922, Candida albicans ATCC 10231, Pseudomonas aeruginosa
ATCC 27853, and Staphylococcus aureus ATCC 25923 were sub cultured then dilute to 0.5
McFarland standard. The test tubes were incubated at 37°C with an inoculum size 1.0 x 106
cfu /mL of standardized organisms. At intervals of 0, 6, 12, 18, 24, and 30 hours for bacteria
and 0, 6, 12, 30, 36, 48, 54, and 72 hours for fungi, aliquots (1.0 mL) of the medium were
taken and aseptically inoculated to nutrient agar in the sterile Petri dish. The Petri dishes
containing the inoculum were incubated at 37°C for 24 hours after the agar was allowed to
set. The organisms alone were the subject of a control test. The process was carried out in
triplicate, and the test organisms' colony-forming unit (CFU) was ascertained. A log CFU/mL
versus time graph was created. GraphPad Prism Version 5.10 for Windows (GraphPad
Software Inc., San Diego, USA). SA was used to analyze the study's data using one-way
ANOVA and Dunnett's post hoc test.

10.3 In vitro mucoadesive strength

This study used freshly cut goat buccal mucosa as a model to measure the film's muco
adhesion strength. A piece of buccal mucosa was stored at 4°C for two hours in Krebs buffer
to prevent it from going bad. Before being used again, the goat mucosa came to room
temperature. Films stuck to the Santam instrument's upper lever, while a few drops of PBS
(pH 6.8) stuck goat mucosa to the fixed lever. The film spent a minute in contact with the
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mucosa. The movable lever then rose at a rate of 2 mm/min. The mucoadhesive strength of
the film was determined by calculating the force needed to rupture the mucosal surface.[66]

11.0 Factors affecting drug absorption:

Drug delivery is complicated in the oral cavity because there are numerous independent and
connected factors which lowers the concentration that can be absorbed at the location of
absorption [67].

11.1. Membrane Factors:

This includes the extent of keratinization, mucus, and surface area of absorption salivary
pellicle layer, intercellular lipids in the epithelium, lamina propria and basement membrane.
Furthermore, the thickness of the absorptive membrane, blood flow, and lymph. Enzyme
content, cell renewal, and drainage will all help lower the quantity and rate of drug entry the
circulation throughout the body.

11.2. Environmental Elements:

a. Saliva: A thin layer of saliva covers the entire salivary lining of the buccal mucosa film or
pellicle. Salivary film thickness is 0.07. up to 0.10 mm. The composition, thickness, and this
film's movement influences the buccal absorption.

b. Salivary glands: The smaller salivary glands are situated in the deep or epithelial area of
buccal mucosa. They continuously release mucus on buccal mucosa's surface. However,
mucus aids in keep mucoadhesive dosage forms, it may obstacle to the absorption of drugs.

c. Buccal tissue movement: The mouth's buccal region. There is less movement in the cavity.
The mucoadhesive polymers are essential for Keep the dosage form in the buccal region for
prolonged periods of time. To allow tissue movements during speech, and if conceivable
when eating or swallowing.

FACTORS AFFECTING ON DRUG

ABSORPTION
| ]
Polymer related Environment Physiological
factor related factor variables

“Molecular weight ‘PH

*Concentration of active *Applied strength .
“Polymer “Initial contact time Mucin turnover

*Flexibility of polymer *Selection of model “Disease states
“chains substrate
*gpatial confirmation
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12.0 ADVANTAGES:

1. Chewing and swallowing are not necessary.

i1. Quick onset of action and minimal side effects consequences.
i1i. Precise dosage in contrast to liquid form of dosage.

iv. Administration simplicity for children, elderly individuals.

v. Extends the duration of the dosage's residence at the site at the absorption site. Thus, it gets
better the drug's bioavailability.

vi. The drug can be shielded from deterioration in an acidic environment and the GI tract. The

large surface area of buccal film causes quick disintegration and dissolution within the mouth
[68]

vii. Antimicrobial peptides have broad spectrum of antimicrobial activities (antibacterial,
antiviral, and antifungal) and a promising class of drugs to face the development of the MDR
pathogens. They have benefits over conventional antibiotics or antifungals, which include
lesser emergence of resistance, antibiofilm activities and an ability to modulate the host
immune response. AMPs are minimum immunogenic than recombinant proteins and
antibodies. Also, they are in general considered to have safety profile because have
metabolites are natural amino acids and they have short half-life; some peptides accumulated
in tissue.[69]

13.0 DRAWBACKS:

Despite these advantages, AMPs have certain drawbacks, include;

1. a short half-life due to rapid degradation by proteolytic enzymes in the bloodstream and
gastrointestinal system,;

i1. plasma protein binding, which results in their inactivation;
iii. low metabolic stability and low oral bioavailability;

iv. rapid excretion through the kidneys and liver;

v. high toxicity (i.e., nephrotoxicity) and immunogenicity;

vi. a poor correlation between in vitro antimicrobial activity and their effectiveness in vivo;
and

vii. high production costs.[70]

Saliva is constantly released into the oral cavity diluting medications at the location of
absorption leading to low drug concentrations on the surface of the absorbing membranes
Saliva is instinctively swallowed, which causes a maximum portion of the dissolved or
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Removal of suspended released drugs from the absorption site. unfavorable characteristics
like Tooth erosion or discoloration can restrict the list of potential medications for buccal
route. Traditional buccal medication Delivery networks prevented the patient to concurrently

consume food, liquids, or some while conversing. [71-73]

14.0 PACKAGING:

There are numerous ways to package buccal films, including single pouch, blister card with
continuous roller dispensers, numerous units, and multiple-unit dispensers. A single
container is essential for movies. The most popular packing system is an aluminum pouch.
For oral films, there are some patented packing solutions. The firm Labtec has a patent
Amcor Flexibilities Company has patented a packaging method known as Rapid card. Core-
peel technique [74]

15.0 APPLICATION OF BUCCAL FILM:

15.1 Controlled and sustained release

For long-term release, hospitals use buccal films. preparations, as well as various polymer
excipients like derivatives of chitosan because they aid in wound healing dressings, lessen
toxicity, and have potent water adhesive qualities and resistance. [75]

15.2 Nicotine replacement therapy

Nicotine is a psychoactive ingredient found in tobacco. increases the addictive nature of
smoking. Because it's simple to entry through the mucosal barrier, the mucosal technique. In
this therapy, delivery is the most successful approach.[76]

15.3 Antifungal infection

A systemic antifungal medication is used to treat oral candidiasis. One common option for
mucosal delivery is fluconazole. It's can lessen its detrimental systemic effects by enhancing
its oral concentration. For an extended period, Pathogenic yeast and medication have both
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increased in frequency. contact, using low dosages of fluconazole through mucoadhesive
buccal films, which eventually raised its efficiency.

15.4 Asthma

It is planned to administer sodium cromoglycate.to treat asthma using buccal film. The drug
must be created with a controlled release mechanism because of its brief half-life. Both of a
decrease in the maximum plasma concentration in the blood and an extension of the time
required to get there was the results of applying this drug in buccal film. It's offered regulated
drug release as well.

15.5 FDA-approved buccal film

One option is to use muco adhesive buccal films. substances strong enough to fulfill the
prerequisites for buccal film administration are used. Four buccal films have been approved
by the USFDA [77-78].

16.0 CONCLUSION:

Mucoadhesive buccal films are a novel, patient-friendly method of directly administering
antibacterial and antifungal medications to the mouth cavity. The formulation of HPMC,
starch, glycerol, and a few antibacterial medications in this review shows how basic
polymeric systems can be used to accomplish successful local therapy. While starch
improves mechanical strength and stability, HPMC serves as the main mucoadhesive and
film-forming polymer. Glycerol is added to create smooth, easily applied films by preventing
brittleness and adding flexibility. Together, these elements provide better therapeutic efficacy
against oral infections, regulated release, and extended retention at the application site.
Buccal films provide a longer residence period, less frequent dosing, and fewer systemic
adverse effects than traditional dose forms.

All things considered, the combination of these excipients offers a dependable, affordable,
and effective platform for antibacterial and antifungal treatment, underscoring the increasing
significance of mucoadhesive buccal films in modern oral drug administration.
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