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Abstract

Buccal drug delivery or drug administration to the mouth 

cavity present several advantages over traditional oral drug 

delivery. They offer rapid onset of action and enhanced 

bioavailability of drugs compared to simple oral delivery. 

The rapid systemic drug action begins avoiding first-pass 

liver metabolism via the buccal and sublingual route. 

Scientists focus on the design of microparticulate and 

colloidal delivery systems to prolong effect and increase 

bioavailability of actives by retaining them in the buccal 

mucosa. Solid lipid nanoparticles (SLN) and nanostructured 

lipid carriers (NLC), the second generation of SLN, have 

also been studying for this purpose-buccal drug delivery and 

application to the mouth cavity in the last years. These 

sophisticated colloidal drug delivery systems can combine 

their own excellent properties and advantages of buccal drug 

delivery for treatment of several diseases. In this chapter, 

advantages of SLN and NLC, and new approaches for 

topical and systemic buccal application of drugs are 

reviewed. 

Keywords: Buccal Delivery, Colloidal Drug Delivery Systems, Mouth Cavity, Nanostructured Lipid Carriers, Solid Lipid 
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1. Introduction 

Buccal dosage forms are often applied to the palate, the mucosal area in the cheek, or the area between the gingiva and the lip 

for systemic and local delivery of drugs [1-6]. Various natural, semi-synthetic or synthetic polymers are used to achieve 

mucoadhesion in these dosage forms [7]. These polymers interact with the mucin layer in the glycoprotein structure of the 

epithelial tissues, providing adhesion and allowing the dosage form to maintain its integrity in that region. With the aim of 

systemic delivery, it is purposed to eliminate the liver first pass effect by changing the administration route of drugs and to 

increase their effectiveness in treatment by improving their bioavailability with their controlled release. Here, buccal 

administration can offer a better alternative to the traditional oral treatment of many drugs. The advantages of buccal drug 

delivery systems over conventional dosage forms and the need for their preparation can be listed as follows  [8-12]. 

▪ The buccal mucosa is an effective absorption site for the systemic effects of drugs due to its rich capillary vascular 

network.  

▪ The buccal mucosa is more permeable than the skin, which is the most preferred body area for topical application. 

▪ Onset of action for buccal dosage forms is within minutes, similar to intramuscular and subcutenous injections. When a 

buccal dosage form is administered once, the drug passes directly into the blood stream from absorbing tissues, but the 

onset of drug action will be delayed after oral administration, which is the most preferred route today. Traditional oral 

administration takes a while for the drug to reach the absorption site in the gastrointestinal tract and then to be absorbed.  

▪ Drug molecules that directly enter the systemic circulation do not undergo the first pass effect. Thus, the drug is prevented 

from being metabolized in the liver immediately. Whereas, the drug enters the hepatoenteric bloodstream after oral 

administration.  

▪ In cases where both rapid action and controlled release are desired, the oral mucosa can be preferred as the application site 

due to the differences in its structure. 

▪ The buccal mucosa has low enzyme activity compared to the gastrointestinal tract. Thus, drug degradation is lower. 

▪ The high bioavailability of the buccally administered drug allows the application dose to be reduced. Thus, the possibility 

of the occurrence of side effects of the drug is minimized. 
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▪ Local or systemic effect can be achieved by 

differentiating the geometry and design of the dosage 

form. 

▪ Prolonged drug delivery can be achieved by prolonging 

the residence time of the dosage form with the selection 

of the right bioadhesive polymer. 

▪ Buccal dosage forms are produced with cost-effective 

manufacturing techniques like other conventional 

dosage forms. 

▪ Buccal administration is not invasive. Patient 

compliance is better in buccal application compared to 

nasal, vaginal and rectal route. Pain is not felt during 

the application. It can be easily applied to inpatients and 

unconscious patients.  

▪ In the case of emergency or if deemed necessary, drug 

administration can be easily discontinued. 

▪ Solid buccal dosage forms such as tablets and patches 

can be monitored visually and the dosage form is easily 

withdrawn to interrupt dosing when necessary. 

 

Besides its advantages, buccal drug administration has some 

disadvantages as listed below [8-12]. 

▪ It is difficult to apply drugs that have stability problems 

at buccal pH, cause irritation, and have bad taste and 

smell. 

▪ The buccal mucosa has a small surface area compared 

to the gastrointestinal, nasal, rectal and vaginal mucosa. 

▪ Solid buccal dosage forms should be small in size so 

that they can remain in the application area and do not 

disturb the patient. Therefore, the dose of active 

substance should be at most 50 mg. It is not suitable for 

every active ingredient. 

▪ The continuation of saliva production causes the drug 

concentration to decrease in the absorption region and 

some drug to be swallowed, then drug absorption 

decreases.  

▪ There is a risk of the patient swallowing the dosage 

form while eating, drinking and speaking. 

▪ Too much saliva production can cause rapid swelling of 

the polymer in bioadhesive systems and rapid 

disintegration of the dosage form.  

▪ In patients with very low saliva production, adequate 

polymer hydration may not be provided. 

Various types of traditional dosage forms including tablets, 

gels, films and aerosols were formulated for drug 

administration through the oral cavity by scientists and 

pharmaceutical companies [13]. Oral mucosa is also a very 

suitable application site for multiparticular drug carriers to 

obtain local and systemic effects of actives [14, 15]. 

Multiparticulate drug delivery systems have also recently 

been demonstrated to improve penetration and tissue 

distribution of actives. Moreover, colloidal drug delivery 

systems can be good alternatives for rapid drug delivery as 

well as controlled drug delivery via the buccal route [16, 17]. 

Mucoadhesive particles can prolonge the residence time of 

the drug at the absorption area and, then deliver the drug to 

mucous membranes. Thus, sustained drug delivery can be 

provided. On the other hand, particles can be promoted to 

directly reach the underlying epithelium by penetrating 

through the mucus gel layer. In recent studies, new 

approaches are presented for the preparation of more 

sophisticated mucoadhesive systems with the design of 

particles with both mucoadhesive and mucopenetrating 

properties [13, 18, 19]. 

Since the early 1990s, a great progress has been made in 

solid lipid nanotechnology in the treatment of many diseases 

with different routes of administration. The parameters that 

specify the physicochemical properties of SLN and NLC 

and the factors affecting their stability have been extensively 

studied by different research groups [20-22]. Formulation 

requirements for their targeting and drug delivery at the 

cellular level have also been investigated [23, 24]. SLN and 

NLC have been qualified as sophisticated delivery systems 

designed for controlled drug release and targeting of drugs. 

These systems have been investigated primarily for 

transdermal [25] and parenteral use [26]. They can also be 

applied by peroral [27], ophthalmic [28], pulmonary [29], nasal 

[30], buccal [15], vaginal [31] and rectal [32] routes in systemic 

and topical drug therapy. There are limited number of 

studies on administration of SLN and NLC to the mouth 

cavity to obtain systemic and local action of actives. In this 

review, advances in the development of SLN and NLC for 

buccal delivery was overeviewed. A special focus on 

formulation composition of SLN and NLC, dosage forms in 

what they were incorporated, outcomes of the studies and 

are presented. 

 

2. Oral cavity and penetration pathways of actives 

Surface area of the oral cavity varies between about 135 cm2 

and 215 cm2 from 9 years old children to adults depending 

on several factors like gender, age and anatomical 

differences [33, 34]. The mucosa lining the oral cavity can be 

categorized into three different types according to their 

structural features and functions,  

▪ Masticatory mucosa covering the gum and hard palate. 

▪ Lining mucosa covering the lips, fornix, base of the oral 

cavity, lower part of tongue, buccal mucosa and the soft 

palate. 

▪ Specialized mucosa covering the dorsum of the tongue. 

The buccal mucosa is structurally composed of two layers 

[35], 

▪ Stratified squamous epithelium (approximately 40-50 

cell rows thick), 

▪ Lamina propria connected to the submucosal layer (Fig 

1). 

 

 
 

Fig 1: Histological and schematic of buccal mucosa image (by 

Prof. Keith Hunter, Unit of Oral Pathology, University of 

Sheffield) (Scale bar = 100 µm) [35] 
 

The oral cavity mucosa also differs in thickness and blood 

flow depend on the region. The buccal mucosa is 500-800 

µm thick, hard and soft palates, floor of the mouth, ventral 

tongue, and gums are 100-200 µm thick. It contains 

keratinized and non- keratinized tissues varying in the 

composition [36] (Table 1). 
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Table 1: Regional variation in the composition of the mouth cavity 

mucosa 
 

Tissue Structure 

Thickness of 

the epithelial 

layer (µm) 

Blood flow 

(mL/min/cm2) 

Buccal Non-keratinized contain 

only small amounts of 

ceramide. 

500-800 2.40 

Sublingual 100-200 0.97 

Gingival Keratinized similar to the 

epidermis contain neutral 

lipids like ceramides and 

acylceramides which are 

relatively impermeable to 

water. 

200 1.47 

Palatal 250 0.89 

 

The cheek pocket and sublingual mucosa are the most 

preferred areas for drug administration in the oral cavity. 

The permeability of the buccal mucosa is 4-4000 times 

higher than that of the epidermis layer of the skin and less 

than that of the intestinal mucosa. On the other hand, 

absorption of drugs through the sublingual mucosa is 3-10 

times greater than the oral mucosa [37]. Actives penetrate 

through the buccal mucosa by paracellular and transcellular 

pathways depending on their physicochemical properties 

(Fig 2) [11, 38]. 

▪ Paracellular pathway: It is the passage of the drug 

through the intercellular spaces between epithelial cells. 

Due to the hydrophilic nature of the intercellular space, 

only hydrophilic active substances with a molecular 

weight of less than 500 Da pass through. The 

paracellular pathway is also a barrier for lipophilic 

drugs with low water solubility. 

▪ Transcellular pathway: The transcellular pathway is the 

passage of active substance through the epithelial cell 

membrane with polar and lipid content. Epithelial cells 

are lipophilic in character. Passage of lipophilic drugs 

with low molecular weight occurs by passive diffusion. 

Lipophilic active substances pass through the cells and 

diffuse into the lower layers. The transcellular pathway 

creates a barrier for water-soluble hydrophilic 

substances to be overcome. Drug transfer from the 

intracellular part where the cytoplasm is located is fast 

and easy, and the cell membrane shows the main barrier 

feature during diffusion. The total surface area in the 

transcellular transition is higher than in the paracellular 

transition. In addition, the path required for the drug to 

pass through the oral mucosa is much less compared to 

the paracellular passage. For these reasons, lipophilic 

substances diffuse more rapidly through the 

transcellular route. 

 

 
 

Fig 2: Transfer of active substances through the buccal mucosa by 

transcellular and paracellular routes (Author's illustration) 

Mucoadhesion process of a dosage form has a complicated 

physicochemical mechanism [39]. The first step is wetting or 

swelling phenomenon, in other words, diffusion and 

interference of polymer chains into the mucus layer. An 

affinitive contact occurs between the bioadhesive dosage 

form and the buccal epithelium membrane. Following the 

interpenetration step, chemical or physical bonds (ionic, 

covalent, hydrogen, hydrophobic bonds and Van der Waals 

forces) are formed between the interfering polymer chains 

and the mucin chains. 

Factors affecting bioadhesion are drug and polymer-related 

factors, and environmental and physiological factors. 

Considering drug-related factors, penetration of drugs 

through the buccal mucosa depends primarily on the size of 

the molecule, how lipophilic it is, and its ionization [40, 41]. 

Molecules smaller than 100 Da can penetrate the buccal 

mucosa rapidly by diffusion. As the molecular size 

increases, the permeability of hydrophilic substances 

decreases. The ionization state of the drug in the oral cavity 

is an important parameter in the transcellular diffusion [42]. 

When weakly acidic or weakly basic drugs with pKa values 

close to 7 are applied to the oral cavity, they are largely non-

ionized. Drugs in the non-ionized state have more lipophilic 

properties than their ionized state. Non-ionized drugs are 

permeated by the transcellular pathway [11]. 

There are many environmental and physiological factors 

affecting bioadhesion. Saliva flow rate and mucin cycle, pH, 

contact time, eating and drinking are among these factors. 

 

3. Potential of SLN and NLC in the mouth cavity and 

buccal drug delivery  

Unique properties of SLN and NLC, and their advantages 

over traditional dosage forms and several colloidal drug 

delivery systems have been reported for years [43-45]. They 

have a great potential in systemic and topical drug delivery 

such as intravenous and dermal. They can also be 

advantageous in the effective treatment of many diseases 

with buccal delivery. The advantages of SLN and NCL via 

buccal delivery can be listed as follows: 

▪ They are suitable systems for both soluble and insoluble 

drugs. They are colloidal drug delivery systems with the 

highest drug loading capacity. 

▪ They are physically and chemically stable systems. 

They protect drugs with poor chemical stability by 

avoiding atmospheric oxygene and light. 

▪ They protect active substances that have stability 

problems in body fluids and physiological environment 

such as buccal pH e.t.c. 

▪ They are biocompatible and safe carriers since they are 

composed of short- and middle-length chain 

triglycerides and waxes which have the GRAS status 

(Generally Recognized As Safe) (CFR - Code of 

Federal Regulations Title 21 - FDA). They can also be 

produced using less amount of surfactant and avoiding 

the use of organic solvents compared to other colloidal 

drug delivery systems.  

▪ There are cost-effective and reproducible large-scale 

production methods (high-pressure homogenization, 

coflowing microchannel and supercritical fluid 

methods) to obtain SLN and NLC dispersions with rich 

nanoparticle content. In their manufacture, 30% lipid 

can be stabilized by addition of surfactants up to 5%. 

▪ They are produced with narrow homogeneous particle 

size distribution. Depending on the particle size of the 

http://www.multiresearchjournal.com/
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SLN and NLC, the drug can be provided to act topically 

in the oral cavity, or to display systemic effects by 

passing through the mucosa. 

▪ They protect the buccal mucosa from actives that cause 

irritation in gastrointestinal tract, and mouth cavity.  

▪ They mask bad taste and smell of actives to be applied 

via the buccal route. 

▪ They promote the bioavailability of actives by 

modifying their release profiles. SLN and NLC also 

improve tissue distribution of actives. 

▪ SLN and NLC can contribute targeting of active agents 

to the specific organs or cells. 

▪ SLN and NLC are mucoadhesive drug carriers. Their 

mucoadhesion forces increase with decreasing particle 

size, which means an increase in surface area.  

Mucus layer is a hydrophilic absorption barrier in the mouth 

cavity [46]. Particle size of nanoparticles contributes to their 

ability to pass through physiological barriers [47]. 

Nanoparticles smaller than 150 nm have ability to cross the 

endothelial barrier [48]. Attachment of bigger nanoparticles to 

the mucous membrane is essential for drug release from 

SLN and NLC, and then penetration of the drug through the 

mouth mucosa, the place of absorption. However, 

discontinuous endothelium caused by certain pathological 

conditions with fenestrations as large as 780 nm allows 

bigger nanoparticles to cross barriers at the application site 

[49].  

When nanoparticles are introduced in a dosage form, the 

dosage form containing mucoadhesive polimers must adhere 

to the mucosa at first. SLN and NLC can be introduced in 

liquid, semi-solid and solid mucoadhesive dosage forms in 

their dispersion or lyophilized forms. Indeed, mucoadhesion 

is a complex process that occurs with wetting, adsorption 

and interpenetration of polymer chains. Type of the vesicle 

in which nanoparticles incorporated is crucial to obtain 

especially the systemic activity of the drug. In order for the 

drug to be absorbed by the mucosa, it must be released from 

nanoparticles and then from polymer network. Therefore, 

the dosage form must remain on the mucosa for a sufficient 

time. Theories conduct the mucoadhesion of polymers are 

discussed in detail in the literature - electronic theory, 

wetting theory, adsorption theory, diffusion theory, 

mechanical theory and cohesive theory [39, 50]. 

 

Bioadhesive polymers used in dosage forms containing 

SLN and NLC 

Different polymers show different mucoadhesive properties 

depending on their physical and chemical strengths (Table 

2). 

 
Table 2: Some of the most commonly used bioadhesive polymers, their electrical charges and types of chemical bonding 

 

Electrical Charge Polymers Type of bonds for mucoadhesion References 

Anionic 

Acacia gum Hydrogen bonds [51] 

Sodium alginate Hydrogen bonds [52] 

Carbomers 

- Hydrogen bonds 

- Hydrophobic interactions controlled by pH 

and ionic composition 

- Van der Waals bonds 

- Thermosensitive 

[53, 54] 

Carrageenan Hydrogen bonds [51] 

Gellan gum Hydrogen bonds [55] 

Lectins Cytoadhesion (cell-specific bioadhesion) [56] 

Pectin Hydrogen bonds [57] 

Polycarbophil 

- Hydrogen bonds 

- Hydrophobic interactions controlled by pH 

and ionic composition 

- Van der Waals bonds 

- Thermosensitive 

[58] 

Sodium hyaluronate Hydrogen bonds [59,60] 

Tamarind gum Hydrogen bonds [51] 

Sodium carboxymethyl cellulose (Na-CMC) Hydrogen bonds [61] 

Xanthan gum Hydrogen bonds [62] 

Cationic 
Chitosan 

- Electrostastic interaction 

- Hydrogen bonds 
[10] 

Gelatin Hydrogen bonds [63] 

Nonionic 

Hydroxypropyl methylcellulose (HPMC) Hydrogen bonds [54] 

Hydroxypropyl cellulose (HPC) Hydrogen bonds [64] 

Guar gum Hydrogen bonds [65] 

Polyethylene glycol (PEG) and polyethylene oxide (PEO) Hydrogen bonds [66] 

Polyvinylpyrollidone (PVP) Hydrogen bonds [66] 

 Thiomers 
- Disulfide bonds 

- Covalent bonds 
[67,68] 
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Understanding the various mechanisms that govern the 

binding of polymers to glycoproteins on epithelial surfaces 

and their structure-activity relationships is important in the 

design of buccal dosage forms. Four possible interactions 

between mucoadhesive polymers and glycoproteins have 

been reported [69]. 

▪ Covalent attachment, 

▪ Electrostatic interaction,  

▪ Hydrogen bonding and 

▪ Hydrophobic interactions.  

 

Mechanisms other than covalent bonding demand maximum 

contact between polymer and mucin for desired adhesion. 

Matching of charge groups between the polymer and the 

mucus is required for electrostatic interaction. If 

polyelectrolyte polymers are used, their charged groups 

control the degree of hydration in the polymer and the 

mucous networks. As an interdiffusion process develops 

between the network of the swollen polymer and the mucus, 

there is an increase in contact surface for hydrogen bonding 

and/or electrostatic interaction. Various characteristics of 

polymers affect their mucoadhesive properties including 

functional group, concentration, molecular weight charge, 

chain length, degree of hydration, degree of cross-linking 

and flexibility. They are generally desired to have the 

following properties [7, 70]. 

▪ They should have sufficient amount of functional 

groups such as OH, COOH, NH2 and SO4H to form 

strong bioadhesive bonds with mucin. 

▪ They should be able to adhere to the mucosa easily and 

quickly. 

▪ Their structure should remain intact on the surface on 

which they are applied throughout the controlled 

release. 

▪ They should swell easily in the area where they are 

applied. 

▪ They must have high molecular weight. As the 

molecular weight increases (MW > 100 000), the 

bioadhesion becomes stronger.  

▪ Their chain flexibility must be high. As the flexibility of 

the polymer chains increases, the diffusion of the 

biological fluid increases and the mucoadhesion 

improves. 

▪ They must have the surface tension that may induce 

spreading into mucous layer. 

▪ They should not be irritant. 

▪ They should not have an undesirable taste and smell. 

 

Aqueous nanoparticle dispersions  

SLN and NLC can be applied with an applicator or by 

spraying into the mouth cavity as liquid or viscous 

dispersions (Tables 3 and 4). Thus, nanoparticles themselves 

come into close contact with mucin glycoproteins on the 

buccal epithelium, resulting in mucoadhesion. More 

precisely, due to the submicron particle size of the 

nanoparticles, direct contact with the mucous membrane in 

the area where they are applied (i.e. not in a dosage form) 

ensures that the effect of the drug begins rapidly and 

continues for a long time. Studies have also shown that SLN 

and NLC dispersions allow rapid and effective treatment, 

especially in the local treatment of intraoral infections, 

wounds and lesions. They can be used for daily mouth care 

of healty people or patients under nursing care. In a study 

their high potential was reported for the treatment of 

discontinuous epithelium/endothelium layers and deeper 

tissues of the mucosa due to their small particle size [47]. The 

discontinuous epithelium of the damaged site display with 

large fenestrations up to 780 nm [48, 49].  

 

Hydrogels 

Hydrogels are hydrophilic, three-dimensional polymeric 

lattice molecules absorbing biological fluids and more than 

20% water by weight [97]. Hydrogels can be classified as 

neutral or ionic, depending on the ionization behaviours of 

the polymers (Table 2). In other words, whether they are 

anionic, cationic or neutral in nature determines the 

properties of hydrogels. The ionic interaction and repulsion 

between the charged polymer chains and free ions play an 

important role in the swelling of ionic hydrogels. In this 

case, drug or protein transfer at ionic gels is markedly 

different than neutral gels. The biological activity is 

maintained until the drug release from the hydrogel is 

completed. A tight structure is seen in hydrogels with high 

cross-linking. The drug release depends on the degree of 

swelling and cross-linking of the hydrogel. In this case of 

high-cross linking, the limited movement of the chains 

prevents the hydrogel from swelling. However, in hydrogels 

with low cross-linking, the chains can move freely and 

swelling is facilitated.  

Hydrogels may also exhibit swelling behavior depending on 

the external environment. Environmentally-sensitive 

hydrogels display remarkable changes in their swelling 

behavior, network structure, permeability or mechanical 

strength in response to changes in the pH or ionic strength of 

the surrounding fluid, or temperature. They change from the 

sol form to the gel form under the physiological conditions 

of the body. 

SLN and NLC in hydrogels can be applied by using an 

applicator to the buccal cavity. In most cases, they are 

lyophilized before incorporation in hydrogels (Tables 3 and 

4). 

 

Thin films  

Buccal films have been formulated as potential dosage 

forms for application of SLN and NLC to the buccal mucosa 

by various research groups (Tables 3 and 4). There are 

different types of films composed of polymer, sweetener 

and/or aromatic substances besides the drug. They are 

designed in a single or double layer, thin and flexible 

structure for immediate or prolonged drug delivery. They 

may be soluble (orodispersible) or insoluble in saliva [98]. 

Despite the ease of application, buccal films have 

disadvantages such as changing the location of the during 

eating and drinking or being swallowed unintentionally. 

 

Patches 

Buccal patches consist of backing layer maintaing the 

geometry of the patch and drug-loaded reservoir adhering to 

the mucosal surface. While the backing layer prevents the 

release of the drug from the outer surface of the patch, the 

drug release from the reservoir layer occurs from the surface 

where the patch adheres to the mucosa [75]. The reservoir 

layer of patches is composed of the active agent, polymer 

and plasticiser similar to buccal films. Polymer chains come 

close contact with the mucin layer of the mucosa and 

mucoadhesion occurs. They should be thin, flexible and 1-3 

cm2 to be comfortable for patients. Buccal patches have 

been demonstrated to be good canditates for application of 
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SLN and NLC in the mouth cavity (Tables 3 and 4). 

 

Tablets 

Buccal tablets are flat and thin solid dosage forms with a 

diameter of 5-8 mm, which are used in the systemic 

treatment of various diseases or in the local treatment of oral 

wounds and infections [99, 100]. They can be applied to the 

palate or buccal mucosa, or to the area between the gingiva 

and the lip. Buccal tablets are usually produced by direct 

compression of powder blends or multiparticulate drug 

delivery systems [10, 101]. Various natural, semi-synthetic or 

synthetic polymers are used in buccal tablets to achieve 

mucoadhesion (Table 2). These polymers interact with the 

mucin layer in the glycoprotein structure of epithelial 

tissues, providing adhesion and allowing the tablet to 

maintain its integrity in that region [7, 12]. Drug release from 

buccal tablets can occur unilaterally or bilaterally, 

depending on the desired effect. One surface of the tablets is 

usually coated with ethyl cellulose in order to achieve 

unilateral release [55].  

SLN and NLC in the dry powder form are incorporated in 

powder blends before tabletting (Tables 3 and 4). SLN and 

NLC powder can be obtained by removing the aqueous 

continuous phase of their dispersions by spray-drying or 

lyophilization processes [80, 102]. SLN and NLC can also be 

loaded into new generation multiparticle drug delivery 

systems such as microsponges, which various research 

groups have focused on in recent years [85]. Then, 

nanoparticle loaded sponges are incorporated in a 

mucoadhesive powder blend, and compressed as tablets for 

buccal delivery. However, NLC and SLN dispersions can 

also be added directly to the tablets prepared by the wet 

granulation method at the first wetting process of the 

powder mixture. In this case, nanoparticle dispersion is used 

as wetting agent or granulation fluid in the production 

process of pellets or granules, and then bulk products can be 

compressed into tablets [43, 103].  

A buccal tablet must be sufficiently swollen to ensure 

uniform and controlled release of the drug and subsequent 

drug absorption through the mucous membrane. It is related 

to the correct selection of polymers that form an adequate 

swelling tablet. Thus, weak bonds are formed and 

mucoadhesion occurs [104]. Good swelling of tablets can be 

attributed to the ability of polymers to absorb water 

continuously and addition of high hydrophilic polymers 

increasing water uptake capacity such as PVP [105]. 

 
Table 3: Studies on design of SLN formulations for administration into the mouth cavity 

 

Active Agents Solid Lipids 
Surface 

Active Agents 

Production 

Methods 
Dosage Forms Outcomes References 

Coumarin 6 Lipoid S100 Tween® 80 Solvent injection HPMC film 

A SLN loaded mucoadhesive film 

formulation with uniformity, 

mucoadhesiveness and 

biocompatibility was developed. 

[71] 

Curcumin 

Gelucire® 

50/13 

Poloxamer® 

407 

High shear 

homogenization 

Lyophilized CMC 

sodium, polyvinyl 

alcohol, gellan gum, 

HPMC 4000, 

polycarbophil and 

chitosan sponges 

The polycarbophil sponge was 

revealed to have the best properties 

compared to the others and to 

provide sustained release and 

constant curcumin concentration in 

the buccal cavity over 14-15 hours. 

[72] 

Gelucire 39/01 

Gelucire® 

50/13 

Compritol 888 

ATO 

Precirol ATO5 

Gelucire® 

50/13 

Poloxamer 407 

High shear 

homogenization 
SLN dispersions 

Chemical stability of curcumin 

against degradation was provided. 

Antimicrobial and antifungal activity 

could be effectively enhanced by 

incorporation of curcumin into SLN. 

[73] 

Gelucire® 

50/13 

Poloxamer® 

407 

High shear 

homogenization 

Gels composed of 

poloxamer 407 and 

polycarbophil mixtures 

at different ratios. 

SLN composed of Gelucire 50/13 

and PX407 displayed good mucosal 

uptake to be used for treatment of 

precancerous oral lesions. 

[74] 

Diclofenac 

diethylamine 

Precirol® ATO 

5 and GeleolTM 

mixture 

Pluronic F 68 
Solvent emulsion–

evaporation 

Transmucosal patch 

prepared with HPC film 

The drug permeated from the patch 

through porcine buccal mucosa over 

24 hours. Significant increase in drug 

bioavailability was provided to 

obtain anesthesia and analgesia for 

dental procedures. 

[75] 

Cyclosporin A 
Compritol 888 

ATO 

Poloxamer 188 

and Tween 80 

mixture 

Hot high-shear 

homogenization 

Carbopol 974 P NF and 

HPMC K 100M gels 

The bioadhesive gel formulation of 

SLN increased the rate of mucosal 

repair significantly. It was decided to 

be promising candidate for the 

topical treatment of recurrent 

aphthous stomatitis. 

[76] 

Didanosine 
Glyceryl 

tripalmitate 
Poloxamer 188 

Hot 

homogenization 

followed by 

ultrasonication 

Monolayered 

multipolymeric films 

A potential buccal drug delivery 

system was designed to enhance 

antiretroviral treatment in human 

immunodeficiency virus (HIV) 

infection and acquired immune 

deficiency syndrome (AIDS) 

[77] 

Fluconazole 
Glyceryl 

monostearate 
Tween® 80 Ultrasonication Chitosan films 

The drug from the the films 

containing SLN was determined to be 

more permeable than traditional films 

[78] 
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for treatment of candidiasis. 

Idarubicin 
Emulsifying 

wax 
Brij® 78 Microemulsion SLN dispersion 

Nanoparticle internalization by 

OSCC (oral squamous cell 

carcinoma) cells and higher final 

intracellular levels compared 

to bolus administration. 

[79] 

Lornoxicam Stearic acid 

Soy lecithin 

and 

Cremophor® 

RH 40 

Hot 

homogenization 

followed by 

ultrasonication 

PVP K30 and HPMC 

K15 tablet 

Mucoadhesive buccal tablets 

containing SLN were developed with 

enhanced bioavailability, and 

achieving a controlled release profile 

to obtain systemic anti-inflammatory 

effect. 

[80] 

Metronidazole 

(antibacterial) 

Precirol® ATO 

5 
Tween® 80 

Solvent 

evaporation and 

hot 

homogenization 

HEC gel 

SLN formulation in gel displayed 

sustained drug release, optimal 

permeability, and enhanced 

antimicrobial activity over 24 hours 

for managing periodontitis 

characterized by chronic 

inflammation of the soft tissue 

surrounding the teeth. 

[81] 

Neomycine 

sulfate 

Stearic acid and 

glycerol 

monostearate 

Soya lecithin 

and Pluronic® 

F68 

Solvent injection Kolliphor® P 407 gel 

SLN formulation in gel displayed 

sustained drug release, excellent 

permeability and increased 

antibacterial activity for treatment of 

mucosal wound healing 

[82] 

Nicotine 
Hydrogenated 

sunflower oil 

Polyvinyl 

alcohol 

Hot high pressure 

homogenization 

Pure drug and, stearic 

acid and Kolliwax® S 

lipid-drug-conjugates in 

water and sodium 

carbonate-sodium 

bicarbonate buffer at pH 

9.0 

Higher drug loading capacity with 

(~50%) lipid-drug-conjugates 

compared to SLN of the pure drug 

(~10%). 

[83] 

Polymyxin B Lipoid S75® 
Pluronic 

F68® 

Hot high pressure 

homogenization 
Not mentioned 

The validated UV spectrophotometric 

assay was demonstrated to be fast 

and suitable for the quantification of 

the drug incorporated in SLN. 

[84] 

 

Table 4: Studies on design of NLC formulations for administration into the mouth cavity 
 

Active 

Agents 

Solid Lipids/Liquid 

Lipids 

Surface Active 

Agents 

Production 

Methods 
Dosage Forms Outcomes References 

Celecoxib Stearic acid/Oleic acid Poloxamer 188 

Solvent 

evaporation 

technique 

Pluronic F127 

and Carbopol 

934 in situ gels 

The Carbopol 934 containing gel 

formulation exhibited the best insitu 

gelling properties regarding 

spreadability, mucoadhesion and 

permeation. Bioavailability of the drug 

was improved. 

[64] 

Curcumin 

and 

metronidaz

ole 

1-Hexadecanol/Isopropyl 

palmitate 

Tween 20 

Homogenization 

followed by 

ultrasonication at 

room temperature 

and cold. 
Tabletted 

sponges 

Tablets were able to release the actives 

promoting their penetration and 

permeation through the mucosa for 

treatment of oral infections and 

periodontitis. 

[85] 

Tween 80 

and/or Pluronic 

F-68 

Hot 

homogenization 

followed by 

ultrasonication 

Formulations were able to release the 

actives promoting their penetration and 

permeation through the mucosa for 

applying leukocyte and platelet-rich 

fibrin clot to promote tissue regeneration 

in dentistry. 

[86] 

Domperido

ne 
Palmitic acid/Oleic acid Tween® 80 

Hot high pressure 

homogenization 

NLC 

dispersion 

NLC were found to be appropriate 

carrier systems that facilitate the 

transport of the poorly soluble drug 

across buccal and sublingual tissue for 

preventing vomiting and nausea in 

chemotherapy treated cancer patients. 

[87] 

Fluconazol

e 
Stearic acid/Oleic acid 

Pluronic F127 

and lecithin 

Hot 

homogenization 

followed by 

ultrasonication 

NLC 

dispersion 

Coating the nanoparticles with chitosan 

increased their adhesion to 

buccal mucosa and improved its anti-

candidiasis activity. 

[88] 

Glimepirid

e 

Compritol 934 and 

soybean 

phosphatidylcholine/Alm

Gelucire 44/14 

Hot 

homogenization 

followed by 

HPMC films 

NLC film displayed sustained release of 

the drug over 6 hours and ability to 

transport the drug across the buccal 

[89] 
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ond oil ultrasonication mucosa for treatment of diabetes 

mellitus 

Ibuprofen 
Precirol® ATO 5 / 

Miglyol® 812 
Tween® 80 

Hot 

homogenization 

followed by 

ultrasonication/Hot 

high pressure 

homogenization 

Carbopol1 980 

gels 

Polycarbophil 

gels 

Different production methods presented 

close particle size in the nanometric size 

range and desirable physical properties, 

and efficient ability for the entrapment 

of the drug. Carbopol® 980 gels 

exhibited greater residence time on the 

mucosa. 

[90] 

Lidocaine-

Prilocaine 

Cetyl palmitate/Capric, 

caprylic triglycerides 
Pluronic® 68 

Hot 

homogenization 

followed by 

ultrasonication 

Hybrid 

nanogels of 

alginate, 

chitosan, 

xanthan gum 

The nanohybrid hydrogel of xhantan 

gum displayed the best characteristics as 

a biopolymer. It was stable for 6 months. 

The formulation displayed local 

anethetic effect for 8 hours. 

[91] 

Cetyl palmitate/Capric, 

caprylic triglycerides 
Pluronıc 188 

Hot 

homogenization 

followed by 

ultrasonication 

Pectin based 

hybrid 

nanofilms 

Release profile of the drugs was 

prolonged for approximately 8 hours. 

Higher drug permeation and longest-

lasting anesthesia were observed 

more than 7 hours and 3 times longer 

than traditional dosage forms. 

[92] 

Miconazol

e 

Gelucire® 43/01 / 

Miglyol® 812 
Tween® 80 

Hot 

homogenization 

followed by 

ultrasonication 

Gelling PFC® 

gels 

Good physical stability, high 

encapsulation efficiency and controlled 

drug release were determined. Improved 

antifungal 

activity against Candida albicans was 

obtained with 17-fold lower dose of the 

drug compared to a commercial oral gel 

formulation. 

[93] 

Compritol /Sesame oil Labrasol 

Hot 

homogenization 

followed by 

ultrasonication 

NLC 

dispersion 

Increased permeation rate of the drug 

through the 

buccal mucosa was significantly higher 

than a marketed formulation for 

inhibiting the growth of Candida 

albicans. 

[94] 

Pranoprofe

n 
Lanette® 18/ Castor oil Tween® 80 

Hot high pressure 

homogenization 

NLC 

dispersion 

The formulation exhibited desirable 

characteristics. High permeation and 

high retention of the drug were observed. 

[95] 

Sage 

extract 
Cutina CP/Sage extract Lutrol F68 

Hot high pressure 

homogenization 
Spray 

The formulation exhibited desirable 

characteristics. Taste of the formulation 

was found to be perciviable for 6 hours 

to be used for mouth and throat care in 

healty people and patients under nursing. 

[47] 

Triamcinol

one 

acetonide 

Spermaceti/Soybean oil Tween® 80 

Hot 

homogenization 

followed by 

ultrasonication 

NLC 

dispersion 

The formulation could be an efficient 

carrier for drug delivery through the 

buccal mucosa with high penetration 

depth at 8th hour after application. It can 

be an efficient alternative for treatment 

of many dieases including arthritis, oral 

inflammation and allergies. 

[96] 

 

4. Conclusions  

SLN and NLC are colloidal drug delivery systems that can 

be produced on a large scale with versatile methods that 

have been used in the food industry for years. Their 

components are low-cost chemicals used in medicine, 

cosmetics and food. Their therapeutic potential has 

increased the interest in these systems. SLN and NLC have 

mucoadhesive property by their nature. Thus, they have 

been demonstrated to improve buccal absorption and 

bioavailability of many drugs. They are also promising drug 

carrier system for topical administration of actives to the 

mouth cavity. Bioadhesive properties of SLN and NLC 

allow their residence in the oral cavity and prolonged drug 

release. Their paracellular transport through the endotellium 

in the buccal cavity can be achieved by producing them with 

particle size less than 150 nm. Thus, they may penetrate 

deeper layer of the mucosa and display reservoir action, or 

attend systemic circulation. Buccal SLN and NLC have 

significant potential in topical or systemic treatment of 

many diseases. They may also contribute to increasing the 

patient's compliace to treatment in diseases that threaten life 

and/or negatively affect the quality of patient's life. SLN and 

NLC are sophisticated systems that can be an effective 

alternative to treatment with conventional dosage forms and 

their counter-parts due to their many advantages. 
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