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Abstract 

The oral cavity is one of the most important local and systemic drug delivery routes, as it has a large surface 

area, high permeability, and abundant blood supply. Oral administration of drugs has certain advantages, such 

as improved bioavailability, prevention of first-pass metabolism, reduced dose frequency, and non-invasiveness. 

In recent years, patents on oral adhesives have been filed in the pharmaceutical field, showing promising 

potential for therapeutic purposes. Drug delivery across the oral mucosa may play an essential role in the 

delivery of biological drugs, such as antimicrobial peptides. This article provides an overview of oral adhesive 

drug delivery systems and offers basic principles for researchers to overcome problems associated with 

formulation design. 

Introduction 

Oral mucoadhesive drug delivery has many advantages, including avoidance of first-pass metabolism, ease of 

administration, enhanced penetration, prevention of enzymatic degradation, and reduced dose-dependent side 

effects. 1 They are used orally for the cavity, local and systemic drug delivery. This delivery route is used for 

sustained-release dosage forms to improve the therapeutic performance of drugs. Oral mucoadhesive drug 

delivery systems are gaining popularity in the pharmaceutical industry. Currently marketed mucosal dosage 

forms are mainly gels, sprays, tablets, ointments, creams, and chewing gum. 2 Numerous literature reports on 

clinical trials and registered patents for oral mucoadhesive drugs indicate that oral drug delivery is a promising 

means to deliver a broad spectrum of therapeutic agents to oral mucosal surfaces. 3Today, researchers and 

pharmaceutical companies seek to use mucus adhesion systems in delivering proteins, peptides, and genes. 

High-molecular antibacterial peptides (AMPs) can be cost-effective in treating various serious infections, Such 

as sepsis 4Many polymers have been studied for oral biologic delivery with varying success. 5 Biologics and 

biosimilars are proliferating.6 Improving the pharmacokinetic properties of biological drugs may offer new 

possibilities for drug distribution in a rapidly growing market.2 Generally, mucosal tissues rapidly absorb the 

drug through the oral cavity. Improved oral drug delivery pharmacokinetics increase drug bioavailability and 

controlled release rate.7 Cmax, AUC and Tmax have also been shown to improve using this system compared to 

commercial pharmaceutical formulations. In the study of Gary et al., An oral adhesive gel of carvedilol 

nanoparticles (NPs) was prepared to improve solubility and bioavailability. Results showed a twofold increase 

in bioavailability due to improved drug solubility and avoidance of first-pass metabolism. 8 Despite developing 

new mucosal adhesion systems and polymers in the last twenty years, mucosal adhesion still needs to be fully 

understood. Furthermore, qualitative and quantitative techniques are still treated separately. 9 This study aims to 
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provide an overview of mucosal adhesion polymer, dosage forms of oral mucosal adhesion, therapeutic effects, 

recent patents, clinical trial status and commercial products. 

Oral mucosa characteristic 

The oral mucosa consists of keratinized epithelium and non-keratinized epithelium(figure 1). The keratinized 

mucosal epithelium is composed primarily of nonpolar lipids (ceramides and acyl ceramides) and is relatively 

impervious to water. Therefore, it is suitable for topical treatment in the oral cavity. The non-keratinized 

mucosal epithelium mainly comprises polar lipids (cholesterol sulfate and glucosylceramide). Therefore, it is 

more porous than keratinized mucosa. Consequently, it is suitable for systemic and local oral cavity treatment. 9 

Due to the presence of salivary mucus molecules and their negative charge, the oral cavity is an excellent 

avenue for drug administration. In mucosal secretions, mucus plays a vital role in lining the oral cavity. They 

can combine with positively charged drug molecules and affect specific tissues, thus aiding the delivery system. 

Therefore, they are used to modelling for mucosal adhesion systems. An explanation of the effect of different 

polymers at the mucin-polymer interface can be used to explain the mechanism of mucosal adhesion. The 

cohesive force is defined by the molecular bridges between mucin–polymers.10 The electronic properties of the 

mucus also contribute to the stickiness of the mucus. Thus, the mucus's adhesion results from the mucus's 

electrical properties and the bridging between the mucus and the polymer. There is a difference in permeability; 

blood Flow rate and residence time in different areas of the oral mucosa are a function of many tissue 

properties. 11 

 

                        Fig 1 -keratinized and non-keratinized epithelium 

Oral mucosal sites 12 

1. Sublingual delivery 

2. Buccal delivery 

3. Local delivery  

1. Sublingual delivery: This is the systemic delivery of drugs through the mucosa lining the floor of the mouth. 

2. Buccal delivery: Drug delivery through the mucosa lining the cheek (buccal lining). 

3. Local delivery: In treating oral conditions, primarily ulcers, fungal diseases and periodontal disease, these 

oral mucosal sites depend on their anatomy, permeability to applied drugs, and ability to maintain the desired 

delivery system. They are very different from each other in some respects to a length of time.12 
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Table 1-Surface area and thickness of oral cavity membranes 

 

 

 

 

 

Mucoadhesion theories 13 

Six theories have been presented to explain mucosal adhesions. Mucosal adhesion is defined as the interaction 

between the mucosal adhesion polymer and the mucosal layer, and these theories describe the different phases 

of the interaction between the two substrates. Here, these theories are presented.  

Wetting theory 

This theory assumes that the penetration of a mucus-binding polymer into irregularities of the absorption 

surface hardens, leading to mucus adhesion. The affinity for the surface can be determined by measuring the 

contact angle. 

Absorption theory 

According to this theory, adhesion results from the interaction between the adhesive polymer and the mucilage 

through two chemical bonds, including H-bonds and Van der Waals forces. After the initial contact, the 
adhesion of the two surfaces is due to the pressure between the atoms of the two surfaces. 

Mechanical theory 

According to this theory, the adhesion of two surfaces occurs because the rough surface is filled with a mucus-

binding fluid. This step affects the adhesion of the mucus, although the anomaly does increase the surface area 

of the interface. 

Electronic theory 

This theory explains that the difference in the electronic structures of the two surfaces plays an essential role in 

their interactions. Bond formation occurs by transferring electrons between the polymer and the mucosa. The 

development of attractive forces between the polymer and the mucosal surface occurs through a double electron 

layer. 

Diffusion theory 

Diffusion theory is based on polymer chains' concentration gradient and penetration time into the mucous 

glycoprotein network. Diffusion is a two-way process; one is the formation of a permeation layer, and the other 

is that adequate adhesion is achieved when the thickness of the permeation layer is about 0.2 to 0.5 μm. The 

formation of this layer depends on factors such as the concentration gradient, molecular weight of the attached 

macromolecules, hydrodynamic size, mobility, flexibility, and polymer chain length. 

Oral cavity 

membrane 

structure Surface area 

(cm²) 

Thickness 

(μm) 

Blood flow 

(ml.min-1 

.cm-2 ) 
Buccal mucosa non-keratinized 50.2 500-800 2.40 

Gingival mucosa Keratinized - 200 1.47 

Palatal Keratinized 20.1 250 0.89 

Sublingual 

mucosa 

non-keratinized 26.5 100-200 0.97 
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Fig 2 diffusion theory 

Fracture theory 

According to this theory, the force that causes an adhesive bond between two surfaces and the force required to 

separate them are related. This assumption determines the amount of force required to separate the polymer 

from the mucilage via the following equation:  

σ = (E*ε)/L  

where is the breaking strength,  

E is Young's modulus of elastic 

 ɛ is the fracture energy  and  

L is the critical crack length. 

Mechanism of mucoadhesion14 

 

                        Fig 3-stages of the mucoadhesive process 

The adhesion of mucosal adhesion polymers in the mucin layer of mucosal tissue occurs in two steps: 
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I. During the contact phase, the mucosal adhesive polymer is in contact with the mucosa, and then 

intimately wet, spread and swelling of the mucosal adhesion formulation occur. These processes are 

done through the presence of mucus in the mucous membranes. 

II. At the consolidation stage, the penetration of the binder polymer formulation into the mucosal surface 

occurs due to physical entanglement and secondary interactions, such as hydrogen bonding, Vander 

Waals forces and electrical attraction. 

 Characteristic of ideal mucoadhesive polymer 15 

1. The mucosal adhesion polymer must be non-toxic and non-irritating to the mucosal surface, be 

locally specific and be able to adhere rapidly to the applied tissues.  

2. It should not prevent drug release, may meet daily drug requirements, and may form strong non-

covalent bonds with mucin cells.  

3. Mucus adhesive polymers do not degrade during storage and are inexpensive, readily available, and 

reproducible. 

Factors affecting mucoadhesive drug delivery systems 

 Polymer related factor  

 Physiological related factor  

 Environment related factor 

Polymer Related Factors  

Molecular Weight 

The adhesion force of the adhesive polymer is basically dependent on the molecular weight and linearity of 

the polymer. For linear polymers (e.g., polyethylene glycol), the mucosal adhesion properties are 

proportional to their molecular weight. However, in the case of non-linear polymers, the adhesion strength 

of the polymer may or may not be dependent on its molecular weight. In terms of the helical or coiled 

structure of these polymers, it is possible to shield several groups of binders mainly responsible for adhesive 

properties.16 

The flexibility of the polymeric chain 

Mucoadhesion begins when the polymer diffuses into the interfacial area. Chain flexibility is Important for 

expansion and penetration. Increased diffusivity a layer of mucus leads to stronger mucoadhesion. To 

achieve such diffusion, the polymer chains must be sufficiently flexible. This depends on the diffusion 

coefficient and viscosity.17 

Spatial Confirmation 

The spatial structure of a molecule is an essential factor in the strength of mucus. The polymer's adhesion 

strength depends on its spatial arrangement, i.e. whether they are helical or linear. Polymers with linear 

structures have better adhesion strength than polymers with helical structures because the spiral structure of 

the polymer consists of many different active groups. So their adhesive strength decreased.  18 

Polymer Concentration 

The polymer concentration is significant for forming a solid adhesive bond with the mucus. The low 

polymer concentration reduces the penetration of polymer chains into the mucus. This leads to unstable 
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contact between the polymer and the mucus. Highly concentrated polymers generally result in more 

penetration chain lengths with higher adhesion.16 

     Molecular Charge of the Polymer 

Nonionic polymers have a lower degree of adhesion than anionic polymers, according to a study of their 

molecular charge. The anionic charge of the polymer must be strong enough to have mucilage.16 the cationic 

charge on the surface of the polymer increases the interaction between the surface of the polymer and the 

mucus since the mucus has a negative charge.19 

Swelling 

Hydration is required to swell the mucus-binding polymers to form macromolecules of the desired size. This 

increases the entanglement process between the polymer and the mucus. Polymer concentration, ionic 

strength and the presence of water are required for swelling. For the right swelling and adhesion, an optimal 

method degree of hydration is needed in polymer binders.20 

Physiological factors 

Mucin turnover, mucosal cell regeneration rate, and disease state of the mucus layer are physiological 

variables that influence mucoadhesion.21 

Environmental Related 

Applied Strength 

If pressure is first applied to the site of contact with the adhesive tissue, it may affect penetration. When high 

pressure is applied, the polymer becomes cohesive, even though it cannot interact.21 

Initial contact time 

Initial contact time between polymer and mucin affects the adhesion strength of the mucosa, the degree of 

swelling, and the intercalation of polymers. Mucosal adhesion force increased by one increase in the initial 

contact time.16 

Moistening 

Humidity provides an ideal environment for mucosal adhesion polymers to be distributed on the mucin 

surface and produce the appropriate particle size for the penetration of the polymer into the mucus. The 

result of wetting the polymer is to provide close contact of particles with mucosa, and chemical interactions 

between bio-adhesive polymers and mucus chains, creating a macromolecule chain "grid" is appropriately 

sized, resulting in modification of the rheological behaviour of two macro molecules species. Therefore, it 

improves the mobility of the polymer chain to increase penetration between polymers and mucous 

membranes.22 

Mucoadhesive polymer 

Research on mucosal adhesion polymers and their effects attracted the pharmacy app attention of 

researchers in this field due to the remarkable properties of mucosal adhesives. These carriers must ensure 

biodegradability, incompatibility, and swelling ability, among other properties. Wetting of mucosal 

adhesion polymers leads to an elongated viscous solution that adheres to the mucosal surface. This in turn, 

induce more cohesive interactions, such as the formation of hydrogen bonding, electrostatic interactions and 

Covalent bond. Intraoral mucosal adhesion polymer Drug delivery systems can be natural or synthetic23 
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Classification of polymers based on generation  

First Generation of Mucoadhesive Polymers 

They are natural or synthetic hydrophilic substances with organic functional groups (carboxyl, hydroxyl and 

amino groups) or hydrogen bonds. Some known binder polymers are carbomer, cellulose derivatives, 

chitosan and alginate. They come in three types: 

(a) Cationic polymers such as chitosan which electrostatic interaction with mucin. 

 (b)Anionic polymers are mainly derived from polyacrylic acid, which has a negative charge. 

(c) Nonionic polymers have more adhesion strength than anionic polymers. Among these polymers are the 

hydroxyl propyl-methylcellulose, hydroxyethyl cellulose and methylcellulose.24 

Carbopol 

Carbopol, a lightly cross-linked polyacrylic acid (PAA), is an industry-standard for mucosal adhesives 

polymer. Many companies now use carbopol polymers for certain advantages like being released for a long 

time, safe and effective oral administration, increasing bioavailability and protecting proteins and peptides 

derived from degradation .25 Role of carbopol in protecting peptides and proteins is to change the rate of 

decomposition reaction. 26 Since carbopol has a pKa value of 6.05, it confers enzymatic activity. In one 

study, buprenorphine tablets containing carbopol 974, lactose and PEG3350 were made. This formula has a 

lasting effect. Release record has released all its drug content in 2 hours, which is optimal for one sublingual 

tablet. 11 Some studies have shown that insulin absorption can significantly improve oral delivery for 

favourable properties of polyacrylic acid thiomer cysteine, including mucosal adhesion, protection against 

Enzyme breakdown and permeation reinforcement.4  

Chitosan 

Chitosan is a cationic polymer (polysaccharide) that is becoming increasingly critical in developing mucosal 

drug delivery systems due to good biocompatibility, biodegradability and Non-toxic characteristics. It binds 

to the ionic mucosa bond between the amino group and sialic acid residue. Onishi and Machida have shown 

that chitosan and its derivatives are rapid metabolites excreted by the kidney27. In the study of Ayensu et al., 

lyophilized chitosan platelet preparation containing chitosan, bovine serum albumin (as the template 

protein), glycerol (as plasticizer) and d-mannitol (as a cryoprotectant), The results show the usefulness of 

freeze-drying chitosan plates for protein drug administration. 28 In another study, the low molecular weight 

of chitosan has been optimized for the Gene delivery system.48 Liposomes loaded with AMP with chitosan 

improves bioavailability and increase oral MPA management effectiveness. Li et al. formulated KSL   

(KKVVFWVKFK-CONH2) in mixed PLGA/chitosan microspheres for oral administration bacteria (F. 

nucleatum). The results show long-lasting antibacterial and inhibitory effects for up to 80 days.29 In the 

study of Sharma et al. encapsulates the pep-H peptide in chitosan, leading to the formation of cation-based 

nanoparticles surface load, resulting in an 80% reduction intracellular load of M. tuberculosis.30 

Pectin 

Pectin is a natural polysaccharide consisting of mainly D-glucuronic acid and glycosidic units. Pectin can be 

used for control drug delivery due to its excellent biocompatibility and unique attributes. For example, 

pectin can easily adhere to the mucosal surface to help improve AMP retention time. Krivorotova et al. 

indicated antibacterial activity of charged nisin nanoparticles in vitro against two Gram-negative bacteria (E. 

coli and Klebsiella spp.) and two Gram-positive (Arthrobacter sp. and Bacillus subtilis), using agar diffusion 

test. Their results show that pectin nanoparticles loaded with nisin have higher antibacterial activity against 

Gram-positive vs Gram-negative bacteria. In addition, pectin NPs loaded with nisin100 times more effective 
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than sodium benzoate (a classic preservative) in Kills Gram-negative and Gram-positive bacteria. These 

results indicate that the charged nisin Pectin nanoparticle is a suitable polymer for antibiotic delivery 

systems.31-33 

Second Generation of Mucoadhesive Polymers 

Compared to the previous generation, the advantage of this generation is that it can interact with cell 

surfaces through specific or covalent receptor bonding, resulting in chemical enhancement Interactive. In 

this group, there are lectins and thiomer.24 

Lectins 

Lectins are glycoproteins or proteins of non-immune origin; they recognize sugar molecules and thus can 

bind glycosylated membrane components. Sugars in glycolipids and glycoproteins of the mammalian 

mucosa, are  on the surface of the epithelium cells, or in mucosal layers. After binding to the cell, Lectin 

may remain on the cell's surface or can be obtained from within the cell by endocytosis. Some lectins, 

including those extracted from ulexeuropaeus, soybean, groundnut and lensculinarius, specifically link to 

mucosal cells. Shows wheat germ agglutinin has the least immune response of all lectins. Lectins are a 

suitable choice for delivery, as they provide good protection from acids and enzymes.34-35 

Thiolated polymer 

The thiol polymer is a derivative of hydrophilic polymers such as polyacrylate, chitosan, or deacetylated 

Galan gum. The presence of these polymers increases residence time through covalently bonded to the 

cysteine residue in mucus and increases stiffness and cross-linking. The isolated polymer also showed 

increased osmotic and enzyme-promoting effect inhibitory properties.36 In Langoth's studies et al., a matrix 

tablet was made containing the new pentapeptide leu-enkephalin (pain) modulator and isolated polymeric 

PCP (Polycarbophil). The results show that the matrix and stability of mucilage tablet assets have increased 

and continue to more than 24 hours.37 

Table 2- Classification of mucoadhesive polymers 

Based on the source- 1)synthetic polymer- 

Cellulose derivative, poly (acrylic 

acid)polymer, poly (hydroxyethyl methyl 

acrylate), poly(ethylene oxide), poly(vinyl 

alcohol), poly(vinyl pyrrolidone), thiolated 

polymer. 

2)Natural polymer- 

Tragacanth, sodium alginate, agarose, guar 

gum, Xanthan gum, Karayagum, carrageenan, 

chitosan, soluble starch, pectin, and gelatin. 

Based on solubility 1)water-soluble polymer-Hydro ethyl cellulose, 

hydroxyl propyl cellulose, PAA, sodium CMC, 

HPMC, sodium alginate 

2) water-insoluble polymer- 

Chitosan, ethyl cellulose, polycarbophil 

 

Based on charge 1)Cationic- 

Chitosan, dimethyl amino ethyl-dextran, 

Amino dextran. 

2)Anionic – 

Chitosan, EDTA, CMC, CP, pectin, PC, PAA, 

xanthan gum, sodium CMC, alginate 

3) Nonionic- 
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Hydroxyethyl starch, PVA, PVA, PVP HPC, 

scleroglucan, poly(ethylene oxide) 

Based on the potential bioadhesive 

force 

1) Covalent – 

Cyanoacrylate 

2)hydrogen bond- 

CP, PVA, PC, Acrylates 

3)Electrostatic bond- 

Chitosan 

Based on generation 1)First generation-Chitosan, dimethyl amino 

ethyl-dextran, Amino dextran Chitosan-EDTA, 

CMC, CP, pectin, PC, PAA, sodium, xanthan 

gum, sodium CMC alginate, Hydroxyl ethyl 

starch, PVA, PVP HPC, scleroglucan, poly 

(ethylene oxide 

2)second generation-) Lectins, Thiolated 

polymers 

 

Advantages and disadvantages of mucoadhesive drug delivery system 

The main advantage of oral mucosal patch delivery is extended dwell time, increased effective treatment, 

rapid absorption, and prevention through first-pass metabolism, faster onset of action, prevention of 

enzymatic degradation, great accessibility and profitability. Oral mucoadhesive drugs have several 

limitations, such as loss of benefits when swallowing, can only be used in low doses, and food restriction.11 

If these products that cause irritation of the oral mucosa can be managed by this route.37 

Mucoadhesive dosage forms37 

Type I 

It is a monolayer dosage form with omnidirectional drug release. One of the disadvantages of this dosage 

form is that it is significantly lost drugs by swallowing. 

Type II 

This is a type, in which a pre-loaded bioadhesive layer is coated with an impermeable backing layer, 

creating a dual-layer device and preventing drug loss from the upper surface into the oral cavity. 

Type III 

It is a unidirectional drug release device, thereby preventing or minimizing drug loss, as the drug is released 

only from the side that attaches to the oral mucosa. This can be achieved by coating each side of the dosage 

form except the side in contact with oral mucosa. 

 

FIG 4 –mucoadhesive dosage form 

http://www.jetir.org/


© 2023 JETIR April 2023, Volume 10, Issue 4                                                                   www.jetir.org (ISSN-2349-5162) 

JETIR2304A08 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org k47 
 

 Solid Dosage Forms 

Tablets 

The most used polymers for Mucus tablets consisting of carbapols (CP934and CP940 PCP), 

sodium carboxyl methylcellulose (SCMC), pectin, chitosan, hydroxyl propyl methylcellulose (HPMC) and 

carboxyl methylcellulose (CMC). These polymers can be used alone or are unsuitable for making 

compressed bio-adhesive tablets. HPMC and pectin exhibit poor adhesion, while SCMC and chitosan 

strongly affect biological adhesion. Polyacrylic acid derivatives (CP934, CP940 and PCP) show the highest 

bio adhesion and longest residence time. In one study, a combination of mucosal adhesion polymers 

(mixture of 5% CP934, 65% HPMC blend and spray drying lactose) was used, showing bioadhesive and 

good residence time (2 h) 13. In another study, a bio-adhesive pill was done with a mixture of CP and CMC, 

in the ratio of 35% and 15%, respectively, showing optimal bio-adhesion and release time. Another form of 

mucosal adhesive is double-layer tablets, including backing, adhesives, drug reservoir layer, and inert 

material ethyl cellulose layer coating. Beneficial dual-layer tablet to overcome the limitations of a class 

tablet.38 

Bioadhesive lozenges 

Another form of bioadhesives is lozenges, which have good sustainable release potential and patient 

satisfaction. They are applied as substitutes for patients who cannot swallow. Although tablets have been 

used for systematic drug administration, they are applied to the bathing oral cavity or throat area. The tablets 

are used for oral cavities as antibiotics, local anaesthetics, antibiotics, and antifungals.39 

Polymeric micelles 

Polymeric micelles (PM) can deliver poorly water-soluble drugs, especially in oral administration. 

Polymeric micelle can improve speaking controlled release drug bioavailability and specific stability.4 Some 

properties of PM, pH sensitivity and mucosal adhesion, attract a lot of attention and provide a product that 

improves oral bioavailability.4 Bernkop-Schn¨urch et al. show that thiolation of classical PM increases 

mucosal adhesion properties and, thus, oral improvement absorption of therapeutic proteins.37 While 

studying, Kumar et al. found that polymers micelles improve the pharmacokinetic parameters of docetaxel 

versus free docetaxel suspension.40 

Bioadhesive micro/Nanoparticles 

Bio-adhesive micro / Nanoparticles have several advantages, such as being small particles, acceptable to the 

patient and in close contact with the mucosal area. Small particle size causes less local irritation at the site 

of contact grip and reduces discomfort in the mouth. These distribution systems are aqueous suspensions, 

gels, ointment or paste. Carbonyl, polycarbophil, chitosan, magnate and granted (copolymers contain 

alternating methyl vinyl ether units and maleic anhydride) were used to prepare bio-adhesive microparticles. 

Several studies have shown that chitosan or gantrez granules persist longer on mucosal tissues. Oral 

transmucosal nanoparticles can be used for systemic treatment because they penetrate the epithelium. Monti 

et al. prepare a formulation of atenolol containing microspheres with poloxamer 407, apply this formulation 

in rabbit, and compare it with a commercially available tablet formula. The results showed that atenolol 

concentration is still higher than marketable. Its bioavailability is also good. However, it has a lower drug 

dosage. This study suggests a possible dose reduction using atenolol oral microparticles.41 A nanoparticle 

system for AMP release rate can be controlled by modifying the composition of the distribution system, 

such as the molecular weight of the polymer used. Encapsulating AMP in solid lipid nanoparticles can 

provide the necessary stability for drinking delivery. Biocompatible and biodegradable polymers, 

copolymers and lipids have been applied to the construction of nanoparticles/microparticles as a vaccine 

vector system.42-43 
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Bioadhesive wafer 

This bio-adhesive system is in the form of a wafer with an adhesive surface layer and volume class. It 

consists of an antibacterial agent, matrix polymers and biodegradable polymers. Novel periodontal drug 

delivery systems have been reported for the treatment of periodontitis.37 

Powder dosage form 

Powdered formulations consist of a physical mixture of an active substance with a bio-binding polymer and 

can be sprayed into the mouth Mucosa for the treatment of oral disorders. Yamamoto et al. prepared such a 

powder containing hydroxyl propyl cellulose and beclo methadone di propionate (as an active agent) and 

sprayed it in the oral cavity of rats. The results show that this powder increased residence time by up to4 

hours and was more effective than an oral solution containing the same active substance and polymer with 

the same concentration44 

 Semi-solid Dosage Forms 

 Bioadhesive Patches/Films 

There are two types of patches for drug delivery in the oral mucosa. 

a) Dissolvable matrix patch systems: this patch dissolves slowly and entirely and has a longer duration of 

action than other solid forms to treat dental diseases. 

b) Patch systems with non-dissolvable backing: They are used systematically to administer medication, be 

protected from saliva, and also there is a controlled release of the drug in the mouth mucosa for 10-15 h.45 

In a study, an acyclovir patch was prepared for oral administration that contained polyethylene glycol 

(PEG), a copolymer of acrylic acid, monomethyl ether, monomethacrylate and a waterproof layer. In vivo 

studies show that when the patch is applied in the mouth area, it stays and releases the drug for about 22 h. 

This study indicates that the acyclovir patch may be a good choice for medication management. 1 In the 

study by Rana et al., NPin-microparticle structured buccal patch was designed as a novel platform for the 

buccal delivery of drugs with high first-pass metabolism. 46 

Buccal films have more flexibility and mechanical resistance than other dosage forms. Furthermore, it can 

be easily removed in emergency cases and can have a controlled release system.45 Polymers like sodium 

CMC, CP 934P, HPMC and PEG 400 were used for buccal films. The outer membrane produced by HPMC 

has been shown to have higher elasticity, higher bio-adhesion properties, and better-swelling tolerance than 

buccal film prepared by sodium CMC film.1 Vaccines can be made into an oral film dosage form, making 

them more effective and desirable. Various studies The results show the vaccine formula developed for 

buccal and parallel management development of soluble oral membranes has been very promising to change 

the future of vaccine transfer.47 

Gels and hydrogel 

Hydrogels and gels are two types of semi-solid adhesive systems. They should be applied to the oral mucosa 

or periodontal pockets to prolong their residence time and promote their absorption. The gel can direct 

mucosal contact and rapid drug release at the application site, making it an ideal drug delivery mechanism 

for the oral cavity. In general, carbomers increase the gel's effectiveness because they increase the time it 

stays on the mucous membranes and prolong the duration of action. Gels have an advantage over solutions 

because they provide a longer release time and improved bioavailability.22 Corsodyl® is an oral mucosal 

adhesive gel containing chlorhexidine gluconate, the active ingredient that is brushed on the teeth to avoid 
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plaque formation, thus improving mouth hygiene. It also includes polymers such as Hydroxypropyl 

cellulose (HPC) helps keep the gel inside the oral cavity.48 

 Liquid Dosage Forms 

The dosage form or suspension is used as a binder for topical drug delivery in the oral cavity. Chitosan, 

carbopol, methylcellulose, CMC sodium, gelatin and polycarbophil have the most significant bond among 

polymer solutions. Viscous liquids may be coated with the aforementioned polymers for use as protection or 

drug carrier injected into the mucosal surface. A dry mouth can be treated with an artificial saliva solution 

retained on the mucosal surface to provide Lubrication. These solutions also contain sodium CMC as a 

mucosal adhesive polymer. 22 

     Recent patents, clinical trials and commercial products 

Since mucosal adhesion is an excellent way to control drug release, many formulations have been studied 

both in vitro and in vivo. In recent years, many patents on oral mucus delivery systems have been filed in 

the pharmaceutical field 3. Most formulations in clinical trials were in common forms of galena, especially 

tablets, film and oral translation.49 

A Therapeutic approach 

This delivery system shows controlled drug release, bioavailability enhancement, easy administration, 

dosage reduction, and usage frequency.49 
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Anti-emetics 

Ondansetron hydrochloride is a serotonin 5HT3 antagonist used to prevent nausea and vomiting as a side 

effect of emetic cancer chemotherapy. To prevent first-pass metabolism by the liver and increase the 

bioavailability of the drug, the drug should be administered orally.50-51 Ali and associates. Buccal adhesive 

Tablets include ondansetron, CP 934, sodium alginate (ALG), low viscosity SCMC, HPMC 15cps and ethyl 

cellulose. The results showed that the device and the drug were stable in natural human saliva for 6 hours.52 

In another study by Koland et al., a rapidly dissolving membrane was prepared for sublingual administration 

containing ondansetron, polyvinyl alcohol (PVA)/polyvinylpyrrolidone (PVP), and carpool. The results 

show that the Carbopol-containing formulations exhibited maximum swelling compared to formulations 

containing PVP.53 in the study of Bhalekar et al., oral bio-adhesive hydrophilic matrix pellets were 

produced, including domperidone, HPMC and carbopol. The results show that the increase in the number of 

these polymers increases bio adhesion power but reduces the release rate of operation spy.54 

Antimigraine 

Sumatriptan succinate (a 5-HT1 receptor agonist) treats migraine headaches. Shidaye et al. pre-prepared 

double-layer mucosal patch, consisting of sumatriptan succinate, chitosan and PVP K30. The results show 

that increased chitosan concentration leads to enhanced mucosal adhesion of the patch. However, the 

increase in PVP K30 and decreased chitosan concentration leads to better release drugs. On the other hand, 

improve both chitosan and PVP K30, increasing the degree of plaque swelling.55 

Anti-histamine 

Chlorpheniramine maleate (CPM) is a histamine H1 receptor antagonist commonly used to treat allergic 

conditions. In the study by Sekhar et al., external mucosal patches containing CPM and hydroxyethyl 

cellulose (HEC) were prepared. 1.46 times higher than the oral dosage form, indicating that the dosage form 

is non-irritating, not cause mucosal damage or irritation by application.56 

Table 3 –a commercial and clinical trial of oral mucoadhesive formulation 

Active ingredients Dosage form status 

asenapine wafer commercial 

desmopressin tablet, wafer commercial 

triamcinolone paste commercial 

miconazole gel commercial 

desmopressin tablet, wafer commercial 

nicotine tablet, film, gum, lozenge, spray, 

chewing gum 

commercial 

buprenorphine tablet, film commercial 

fentanyl tablet, film, spray, lozenge commercial 

glyceryl trinitrate tablet, spray commercial 

sufentanil tablet commercial 

insulin spray commercial 

tizanidine powder Phase I/II  completed 

vitamin B12
 

tablet, spray, oral liquid commercial 

influenza vaccine oral liquid phase I completed 

cyclobenzaprine oral liquid phase III 

riluzole tablet phase I/II/III 

misoprostol tablet Phase III/IV 

cannabidiol tablet, oral liquid phase I/I/III/IV 
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sildenafil tablet, wafer Phase III completed 

agomelatine tablet phase III completed 

ropivacaine liposomal gel phase I completed 

    Antimicrobials 

Using conventional pharmaceutical dosage forms such as suspensions, solutions, and Mouthwash is 

ineffective for oral cavity diseases. This may be due to the ease of removal of these forms of the drug; 

therefore, several attempts have been made to clinical treatment of oral cavity complications. In the study by 

Juan et al., a double-layer mucilage tablet consisting of nystatin, a lactose layer and a polymeric layer was 

prepared. The polymer layer provides a sustained release for about 6 hours. 57 In a study by Fini et al., 

HPMC, CMC, and Hydroxypropyl Cellulose (HPC) were used to create a novel mucoadhesive gel of 

chlorhexidine.60 In another study by Domb et al. We prepared a mucoadhesive tablet consisting of ethyl 

cellulose (EC) and an iodine complex with HPC, which was used as an antibacterial agent to treat oral 

infections.58Obaidat et al. carvacrol and Tetracycline hydrochloride for treating mouth infections. This 

formulation showed good activity against Pseudomonas aeruginosa, indicating a synergistic action between 

carvacrol and tetracycline. However, when used individually, they are not effective against Pseudomonas 

aeruginosa. This combination is also effective against Bacillu scereus.59 

Cardio Vascular Medicines 

Carvedilol is a non-selective beta-adrenergic antagonist used to treat hypertension and stable angina. To 

treat hypertension, Yamsani Corporation has manufactured carvedilol mucin tablets, consisting of carbopol 

934 and hydroxypropyl methylcellulose (HPMC K4M and K15M), to achieve controlled, out-of-order 

Release. The results showed that increasing the polymer concentration in the formulations resulted in 

sustained Release of carvedilol. 61Lercanidipine hydrochloride (LER) is used to treat high blood pressure. In 

the study by Charde et al., LER-releasing controlled oral mucosal adhesive tablets were prepared, consisting 

of polyethylene oxide and different viscosities of HPMC, individually and in combination. In vivo studies in 

rabbits showed a significant increase in the bioavailability of LER compared with oral administration. Use a 

placebo. The human formulation revealed that the engineered tablets adhere well to the oral mucosa for 

more than 4 hours without causing discomfort.62 

Hypoglycemic Agents 

In a study by Semalty et al., Mucoadhesive buccal films containing glipizide, HPMC, CP-934, SCMC and 

Eudragit RL-100 were formulated. The results indicated that therapeutic levels of glipizide may be adequate 

via buccal delivery.63 Mujib and others. Different HPMC grades were used to prepare mucoadhesive buccal 

films of glibenclamide. The results showed that the matrix integrity depended on the drug's amount and 

properties. It was found that the greater the presence of hydroxyl groups in HPMC K15, the greater the 

swelling and the shorter the residence time of various formulations. It was found that the Release of active 

ingredients from the film depended on the polymer content. We also found that HPMC 3000 can be used at 

lower concentrations for oral administration. Derived from glibenclamide.64 

Muscle Relaxants 

Tizanidine hydrochloride is a centrally located α2-receptor agonist with a myotropic effect on skeletal 

muscle. In the study by Shanker et al., intraoral bio-tablets were prepared to avoid first-pass metabolism and 

prolong the time release. It contains tizanidine and some bio-adhesive polymers, such as HPMC K4M, and 

SCCM. The results indicate that increasing SCMC concentration leads to enhanced adhesion and a higher 

degree of swelling in a short time. It turns out that the degree of swelling is directly related to the amount of 

SCMC and inversely proportional to the amount of HPMC K4M.65. 
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Protein and hormones 

Oral administration of proteins and hormones may be easier and safer than other routes of administration. In 

the study by Cui et al., a bilaminated film of insulin was prepared, and its release behaviour was evaluated. 

The double-layer film was administered orally to healthy rats. Results demonstrated the hypoglycemic effect 

of the formulation and increased drug delivery by 17% compared to subcutaneous insulin injections101. In 

the study by Colonna et al., a mucous membrane containing 5-methylpyrrolidinone chitosan (MPC) and 

myoglobin (MHb) was produced. MPC is a chitosan derivative with good properties for oral administration. 

It is an excellent polymer for creating bio-adhesive films.66 In the study by Nakane et al., oral sticky tablets 

containing luteinizing hormone-releasing hormone (LHRH) were formulated. An in vivo study was 

performed in the case of beagle dogs, and the pharmacokinetic profile was evaluated to find the mucosal 

osmotic kinetics of LHRH. The results indicated that the plasma concentration of LHRH reached a steady 

state within 30 min and was maintained for 2 h after administration of the dosage form, compared with the 

rapid elimination profile following intravenous administration.67 In the study by Giovino et al., chitosan-

based mucolytic films were created in which insulin was loaded with nanoparticles (NPs) and polyethylene 

glycol methyl ether-block-polylactide (PEG-bPLA). The results show that these formulations have classical 

biphasic prolonged protein release of more than 5 weeks.68 

Smoking deterrents 

The nature of the smoking habit is partly due to the presence of the psychostimulant consumed. 69 The route 

of nicotine use (NCT) is through the skin and mucous membranes such as the nose and mouth. It's neutral, 

and protonated NCT can easily permeate through mucous membranes. 70-71 In the study of Pongjanyakul et 

al. A buccal sodium alginate magnesium aluminium silicate (SA-MAS) membrane loaded with NCT was 

prepared as a potential drug delivery system. SA-MAS movies downloaded by NCT provide higher NCT 

content and a lower NCT release rate. In addition, NCT-loaded SA-MAS membranes exhibit bioadhesive 

properties for adhesion to mucous membranes. This study suggests that NCT-loaded SA-MAS membranes 

have a strong potential for use as an oral delivery system. 72 In the study by Rao et al., NCT was used to 

create a three-layer mucosal patch consisting of a dry drug-impregnated tablet adhered to an adhesive film. 

73 In another study conducted by Bilayer, NCT mucosal patches were prepared. As a nicotine replacement 

product to aid smoking cessation, the feasibility of this formulation has been determined. The results 

indicate that mucosal xanthan patches are potential candidates for controlled biphasic nicotine delivery. This 

rapid initial drug release is followed by a controlled release over 10 hours. This study proposes using such a 

system, as a potential candidate, for future in vivo studies.74 

Anti-inflammatory drugs 

Inflammation is one of the leading causes of diseases of the oral cavity.75 To manage this problem, topical 

anti-inflammatory drugs such as flurbiprofen, flufenamic acid, ibuprofen, etc., are used. In these treatments, 

drug dosage is reduced, and systemic side effects are minimized.76-77 In the study of Anahita Ghorbani et al., 

Mucus tablets have been prepared to contain carbopol 940, sodium alginate, zinc sulfate and starch. Clinical 

and statistical results demonstrate the efficacy of zinc mucoadhesive tablets as a local drug delivery system 

in terms of analgesia, wound diameter and recovery time after aphthous stomatitis. Recurrence compared 

with the control group.108 

In another study by Perioli et al., Dual-layer mucolytic extended-release tablets were designed by mixing 

mucus-binding polymers and an inorganic substrate (hydrotalcite) to apply flurbiprofen to the oral cavity. 

The results indicate that a sustained release of appropriate anti-inflammatory in the oral cavity occurs over 

12 hours, reducing the drug's daily dose (40 mg versus 70 mg). Mura et al. prepared mucous membrane 

consisting of flufenamic acid and hydroxypropyl beta-cyclodextrin) HPβCD (, which improves drug release 

and dissolution rates. The results showed that administration of a complex drug with HPβCD resulted in 
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complete drug release after 4-5 hours. This is the maximum duration of drug application on the cheek side. 

Milani et al. have shown that HPβCD has different roles in stabilizing protein formulations ranging from 

concentration.79 

 

Table 4-Patented oral mucoadhesive dosage form 

Active 

ingredient 

Patent Number Route of 

administration 

Dosages form year 

Apo morphine 

Hydrochloride 

US10888499 Sublingual Film 2021 

Asenapine 

maleate 

A205960 Sublingual tablet 2020 

Buprenorphine 

Hydrochloride, 

Naloxone 

Hydrochloride 

US10874661 Sublingual tablet 2020 

Desmopressin 

acetate 

N022517 Sublingual tablet 2018 

Sufentanil citrate N209128 sublingual tablet 2018 

Extracts of the 

Marzeh 

khuzestani 

96840 buccal gel 2018 

nicotine US20060198873A1 buccal film 2017 

Zolpidem tartrate A201509 sublingual tablet 2016 

Buprenorphine 

hydrochloride 

N207932 Buccal film 2015 

Naloxone US 10617686B2 buccal Liquid spray 2014 

    

     Conclusion 

Efforts have been reported to develop oral adhesive drug delivery systems for (I) longer residence time, (ii) 

controlled drug release, and (iii) prevention of degradation due to enzymes. The oral mucosal drug delivery 

system is a good alternative to conventional drug delivery due to its ability to prevent first-pass metabolism, 

improve bioavailability and reduce dose frequency. Undoubtedly, mucosal adhesions have moved into a 

new field with the introduction of specific compounds, and the development of oral adhesives accelerated 

due to their different therapeutic uses. The use of oral binders will play an important role in transporting 

these molecules through the introduction of a large number of drug molecules. Many potential oral mucosal 

adhesion systems under investigation may appear on the market soon. Numerous reports of clinical trials 

and patents of oral mucoadhesive drugs suggest that oral drug delivery is a promising means of applying 

many drugs for Treatment agent on the surface of the oral mucosa. In addition, the use of biologics, such as 

antibodies, peptides, and proteins, is on the rise. 

This evaluation may be useful for designing new dosage forms with oral mucosal adhesion effects. The 

development of oral binders allows the production of biological formulations with varying degrees of 

adhesion, drug protection, controlled Release and improved absorption. For this, a better understanding of 

mucosal adhesion could help researchers develop new solutions. Pharmaceutical binders can be more 

effective, safer and less expensive. 
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