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The medical use of cannabis has a very long history. In the use of cannabinoids, the oral mucosa is the tissue that
primarily comes into contact with them and interacts with them. Cannabidiol (CBD) itself is not responsible for the
psychotropic effects of cannabis, since it does not produce the typical behavioral effects associated with the

consumption of this drug.

cannabinoids CBD dental

| 1. Introduction

The use of Cannabis sativa L. for medical purposes dates back to an Egyptian medical papyrus (circa 1550 BC) &,
Among the multitude of cannabinoids present in this plant, A°tetrahydrocannabinol (A9-THC), cannabidiol (CBD)
and cannabinol (CBN) are the three main cannabinoids that are the most present and the best described
components due also to their significant presence 22, Cannabis is used in three different forms with different THC

concentrations: marijuana, hashish, and hash oil 4.

Cannabinoids recognize and bind to specific receptors, the main ones being recognized in the CB; and CB,
receptors. They are G-protein-coupled. Their polypeptide chain crosses the cell membrane seven times. The amine
end remains on the extracellular side, while the carboxyl end remains on the intracellular side. They are

characterized by three extracellular loops and three intracellular loops (Figure 1).
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Figure 1. The structural architecture of CB.

The CB; receptor consists of a longer polypeptide chain than CB; (472 amino acids in CBj, and 360 amino acids in
CBy). The amino-terminal (extracellular) domain of CB; is shorter. The complete amino acid sequence of the two

receptors is homologous in 44% of them, while in the transmembrane domains the sequence is equal in 68% of
them Bl (Figure 2).
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Figure 2. Amino acid sequence of the CB; and CB; receptor.

Another receptor belonging to the GPCR family that binds to ECs is the G-protein coupled receptor 55 (GPR55),
also known as CB3. It is supposed to modulate memory, motor activity, and cognitive function because of its high
expression in the brain, particularly in the cerebellum [, At the peripheral level, GPR55s, being present in
osteoblasts and osteoclasts, would modulate bone metabolism 2.

Widely present in humans is GPR119, which has been shown to represent another cannabinoid receptor that is
encoded by the GPR119 gene 8. It is present predominantly found in pancreatic (beta cells) and gastrointestinal
cells. Recent studies attributed to GPR119’s therapeutic effects on diabetes and obesity highlight its direct action
on insulin release in the pancreatic cells and indirectly at the level of intestinal enteroendocrine cells on the
production of glucagon-like peptide 1 (GLP-1) UL,

A9-THC is the main psychoactive principle of cannabis and is known as the canonical agonist of both cannabinoid
receptors, namely the CB1 and CB> receptors, but with a relatively higher intrinsic affinity for CB1 than for CB,.
THC is a hydrophobic and lipophilic compound 1228l Thus, many studies have been performed focusing on the
pharmacology, therapeutic potential, and toxicity of A9-THC as a classical cannabinoid molecule in the last 70
years. These studies promoted the discovery and characterization of the endocannabinoid system (ECS) 4. The
ECS is made up of G-protein coupled (GPCR) cannabinoid receptors (CB1 and CB») and their endogenous

ligands, anandamide (AEA) and 2-arachidonoylglycerol (2AG), which fall into the category of endocannabinoids
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(ECs) 14, |n addition to the CB; and CB, receptors, the ECS also includes the peroxisome proliferator-activated
receptor alpha (PPARa), GPR119, GPR55, and the transient receptor potential vanilloid 1 (TRPV1) receptors 131,
ECs are metabolized by multiple specific and non-specific enzymes. Those in the former category include fatty acid
amide hydrolase (FAAH, for metabolism of AEA) and monoacylglycerol lipase (MAGL, for metabolism of 2-AG) [2€],
Interestingly, since ECs share many structural similarities with prostaglandins, several interactions have between
shown between the metabolic pathways for endocannabinoids and inflammatory lipids, including lipoxygenases

and cyclooxygenases 116,

The CB; and CB, receptors, encoded by the CNR1 and CNR2 genes, respectively, are the main receptors of ECs.
They have different functionalities despite sharing more than 44% of amino acid sequences 7. CB; receptors are
present in the central nervous system (the cerebellum, cerebral cortex, hippocampus, etc.), and act on cognitive
functions, including memory, locomotion, and pain. At the peripheral level, CB; receptors are present in multiple
locations, cardiac cells, lung cells, immune cells, reproductive tissues, gastrointestinal system tissues, in the
ganglia of the sympathetic nervous system, in the urinary bladder, and in adrenal gland cells, where their functions
have been recognized but not well defined 18I peripherally, CB, receptors are localized in
monocytes/macrophages and poly-morphonuclear neutrophils, lymphocytes and natural killer cells in the testis,
skeleton, liver and spleen. In the central nervous system (CNS), CB, receptors are localized in the hippocampus
and substantia nigra and the neuronal, glial, and endothelial cells of the cortex. At the CNS level, the functions of
the CB, receptor are not yet clear, but it is assumed that it may affect the neuro-immunological system 22! (Figure
3).
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Figure 3. The location of the cannabinoid receptors (CB; and CB,) in the human body.

CBD has been isolated and described earlier than A9-THC 29, However, it has remained a less studied molecule
of cannabis, forgetting its participation in the psychotropic effects of this plant, since CBD use is not associated
with the typical behavioral effects of cannabinoids [2Ll. CBD is a unisomer of THC, and is known to have a better
effect on anxiety, cognition, and pain, with little psychoactivity. Compared with THC, CBD has a better affinity for

CB; and CB, receptors, with the predominance of the latter, and could also interfere with the activity of THC [221[23]
[24],

Cannabinoids are mainly synthetized as acidic forms (A), thus A9-THC(A) and CBD(A) are the end-products of the
enzymatic biosynthesis of cannabinoids. When exposed to heat (pyrolysis during smoking or baking), radiation, or
spontaneously during storage, the compounds undergo decarboxylation and ‘spontaneous rearrangement’
reactions 22, C. sativa accumulates THC and CBD in glandular trichomes in the aerial parts of the plant, but not on

the root surface. Upon trichome thermal or mechanical ruptures, its contents form a sticky coating on the plant
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surface due to the viscous, non-crystallizing properties of cannabinoids, which will protect the plant from
desiccation and/or potential herbivores [28. The amount of cannabinoids formed in the trichomes correlates
positively with increased temperatures and imposed heat stress, as well as with low soil moisture and poor mineral
nutrient content 24, Cannabinoid production may also provide an evolutionary advantage by functioning as
sunscreens that absorb biologically destructive UV-B radiation (280-315 nm), as significantly increased
cannabinoid production was measured in cannabis flowers after UV-B-induced stress (28] Furthermore,
cannabinoids in general 22 and CBD in particular B9, have a significant antimicrobial action, which confers high
climate resistance and soil adaptability to cannabis. Thus, phytocannabinoids convey various biologically beneficial

properties for the plant.

The use of CBD has always represented a complicated legal issue worldwide, and this has often restricted the
scientific studies and professional awareness about its therapeutic applications. Apart from this, numerous
individual findings suggest some therapeutic effects of CBD, which have been reported to include antipsychotic,
anticonvulsant, neuroprotective, anxiolytic, and sleep-promoting effects 1. Furthermore, pre-clinical and clinical
studies attributed a desirable safety profile to CBD [21l, associated with its anti-inflammatory effects B2, However,
elucidating the pharmacodynamics of CBD has always proven to be difficult for scientists, beginning with initial
reports in which CBD was shown to weakly bind to cannabinoid receptor orthosteric sites when compared to
canonical agonists 23l indicating that CBD’s effects might be independent of the cannabinoid receptors. This
conclusion was proved to be partially true by other studies, where researchers found a direct interaction of CBD
with several receptors, enzymes and ion channels. Recently, however, some reports found both a direct and an
indirect modulation of ECS activity from CBD 23l Taken together, these findings point out CBD as a novel
promising phytocannabinoid-based medicine. Indeed, the therapeutic uses of CBD are mostly linked to its anti-
inflammatory, antioxidant, and analgesic properties 4. Thus, CBD is endowed with many potential applications,
such as in bone tissue processes (221381 neuroprotection, epilepsy, anxiety, and cancer BZ. CBD also has some
other effects that have not been fully studied, including relaxation, improved sleep, and stress relief, given edible,

tincture, and vape formulations of the drug (Figure 4).
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Figure 4. Classification of the different cannabinoid compounds derived from cannabis and their therapeutic

properties.

In recent years, thanks to various public and private institutions, much research and development of CBD have
been performed, especially with regard to its therapeutic uses. Indeed, approximately USD 30 bilions is expected
to be reached by the CBD market in 2025 [28. Amongst the various potential uses of cannabinoids 22, and CBD in
particular 49, dentistry and oral medicine have recently attracted greater attention 23, In particular, studies have
been exploring the possible medical applications of CBD use in the oral cavity (41, together with the functional and
anatomical characterization of the ECS in this part of the body [15[41142]143] iy addition to its modulation by

pathological status [121144],

| 2. CBD in Dentistry
2.1. Oral Mucosa

In the use of cannabinoids, the oral mucosa is the tissue that primarily comes into contact with them and interacts
with them. Studying their physiological, therapeutic and non-therapeutic role in more detail and evaluating their

effects is of significant importance.

CB; and CB, receptors have been detected on oral mucosal epithelial cells. They modulate their functions: CB,
receptors stimulate the proliferation and differentiation of human epithelial keratinocytes, while CB; receptors have

the opposite effect [18],

The cannabinoid receptors, CB; and CB,, have also been identified at the level of the connective tissue of the
lamina propria. However, the current scientific data regarding cannabinoids on receptors in oral mucosal tissues
are still scarce 43, Interestingly, CB; and CB, receptors are also present in the epithelial cells and taste buds of the
tongue, where their function would appear to be regulated by the physiological-pathological conditions of the
tongue 8. One example is the presence of burning mouth syndrome, which is associated with a decrease of CB;
receptor expression, while the CB, receptor expression increases. Furthermore, oncological conditions, such as
mobile tongue squamous cell carcinoma, seems to involve the activation of ECS, since the expression of both CB;
and CB, receptors has been shown to be increased X847l There is little data on the presence of CB; and CB,
receptors in dental pulp, where CB; receptors have been detected in the sympathetic nerve fibers and on the
surface of the pulp, bordering dentin 48], This would suggest a possible therapeutic target against dental pain,
although this possible role of cannabinoids requires further study. CB4s are also present on human odontoblasts,
where they are hypothesized to respond to immune challenges 2259, |ndeed, their activation and subsequent
cyclic adenosine mono-phosphate (CAMP) signaling enables the TRPV1 mediated extracellular Ca(2+)ion passage
(TRPV1) via extrusion Na(+)-Ca(2+) exchangers (NCXs), promoting the production of a secondary dentin bridge in
response to odontoblast stimuli B, In the salivary glands, CB; and CB, receptors have specific localizations. In
the major salivary glands, CB; expression is found at the striatal duct cells, while CB, is found in the acinar cells,

especially in the myoepithelial cells, which are responsible for the secretion of saliva B233l |nterestingly, the
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presence and distribution of CB;s in salivary glands would appear to be regulated by the type and amount of food

(541 and, furthermore, salivary secretions are modulated by both CB; and CB, receptors [52I[38157],

2.2. Periodontal Tissue

The CB4 and CB, receptors are expressed in the periodontium, and their distribution changes based on periodontal
tissue conditions 2. In a healthy periodontium, CB1s are more highly expressed in the periodontal ligament
(PDL), and are more active in the epithelium than in the PDL B8I33 |nterestingly, the presence of bacteria
increases the expression of CB, receptors, whereas in a situation of sterile inflammation, both receptors are more
highly expressed in PDL, but not in cementum and alveolar bone 89, Thus, different expression patterns of the two
receptors would appear to be related to different cellular activity (differentiation and proliferation), the control of
inflammation, and the healing of the affected site [1l. Several reports seem to suggest a role for CB, in periodontal
tissue healing, especially in terms of modulating the migration and adhesion of periodontal cells upon input from
the focal adhesion kinase (FAK) and mitogen-activated protein kinase (MAPK) systems [221[61](62][63]

Consistent beneficial effects of CBD have been described in vitro and in vivo, in addition to conventional
periodontal therapy. Using the CBD analog HU-308, the authors found a role for the CB2 receptor in modulating
the extent of periodontal damage and its impact on the gingival tissue, alveolar bone, and salivary function 841, In
the same study, CBD demonstrated anti-inflammatory and anti-bone resorption properties by inhibiting the
RANK/RANKL system and reducing the levels of pro-inflammatory cytokines 4. An alternative approach to
periodontal therapy might be the CBD-mediated activation of gingival fibroblasts with repairing growth factors
and/or the inhibition of metalloproteinases 6266l CBD has also been observed to attenuate bacterial inflammatory
periodontal diseases thanks to its antimicrobial properties B8] This drug might also be a suitable medicinal
alternative in oral mucositis, given its anti-inflammatory properties, which can reduce the severity and extent of
lesions [38169] since CBD also promotes the curative process of common ulcers. Similarly to synthetic oral
medicines, CBD is effective in reducing the bacterial charge in dental plaque 8. Furthermore, CBD is endowed
with biocompatibility and osteoinductivity BH[Z9 as it has been shown to promote fracture healing, possibly
activating the p42/44 pathway in mesenchymal cells, which then differentiate into osteoblasts at the lesion site 1.
Thus, analgesic, anti-inflammatory, biological, antimicrobial, and osteoinductive properties of CBD might underlie
its positive effects in dentistry, as suggested by most of the recent literature. This has paved the way for the

development of patents for the implementing of CBD formulations in dentistry.
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