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Peripheral serotonin continuously reveals its unexpected involvements in many organ functions. In bone tissue, there is an increasing evidence for a local serotonergic system affecting the cellular and molecular actors involved in bone turnover. During orthodontic treatment, tooth movement relies on bone remodeling, itself a result of the inflammatory process triggered by application of orthodontic forces to the teeth. Nowadays, many adults proceed to an orthodontic treatment, it therefore seems important to consider physiological growth-related factors and external factors as medications that may influence adverse effects and efficacy of orthodontic treatment techniques. In this review, we focus on peripheral serotonin mechanism of regulation of bone remodeling during orthodontic movement. We discuss the differential effect of serotonin on alveolar bone inflammation that may open new strategies in orthodontics.

Introduction

Antidepressants are among the most frequently prescribed drugs [START_REF] Fuentes | Comprehension of Top 200 Prescribed Drugs in the US as a Resource for Pharmacy Teaching[END_REF]. Though their main indication is depression, they are also used to treat anxiety, obsessive-compulsive disorders, and refractory neuropathic pain. A large number of antidepressants, especially selective serotonin reuptake inhibitors (SSRIs) act by increasing serotonin (5-HT) levels, a monoamine whose deficiency has been incriminated in the physiopathology of depression [START_REF] Meltzer | Serotonergic dysfunction in depression[END_REF], [START_REF] Hillhouse | A brief history of the development of antidepressant drugs: from monoamines to glutamate[END_REF], [START_REF] Delgado | Depression: the case for a monoamine deficiency[END_REF]. Several evidences demonstrate that although 5-HT is well recognized as a brain neurotransmitter-it also regulates important non neuronal functions [START_REF] Spohn | Non-conventional features of peripheral serotonin signalling -the gut and beyond[END_REF].

The number of adults receiving orthodontic treatment is continuously increasing. From 2010 to 2012, it climbed by 14%, to reach a record-breaking 1,225,850 patients aged 18 and up, as reported by the American Association of Orthodontists [START_REF]Adult Hall of Fame Celebrates Professionals Getting Orthodontic Treatment | AAO Members[END_REF]. Not only age-related changes in bone remodeling but also adult consumption of antidepressants may contribute to differences in orthodontic tooth movement (OTM) and orthodontic treatments between children and adults. It is not unrealistic to conjecture that a large percentage of adults eligible for orthodontic treatment also take antidepressants, especially SSRIs. To our knowledge no epidemiologic correlative study has been published yet, there is increasing evidence that 5-HT may play a role in local alveolar bone and dental root homeostasis.

We hypothesized that modulation of serotonin levels induced by antidepressants may influence OTM and should be taken into account for orthodontic treatments. Here we assess the main facts supporting or undermining our hypothesis suggested by the evidence.

Orthodontic tooth movement in adults

OTM is directly related to the potential for alveolar bone remodeling, which is controlled by the interplay of local and systemic signals, including mechanical strenght, angiogenic factors, growth factors, hormones, cytokines, and other molecules.

Overview of induced tooth movement

The Tooth is a solid anatomic element connected to the alveolar bone by the periodontal ligament (PDL). The PDL is an elastic tissue, constituted by bundles of collagen I fibers, able to absorb mechanical stresses, and provide cellular (fibroblast, osteoclast, osteoblast, macrophages, to name a few) and vascular elements, involved during OTM. The PDL anchors to the alveolar bone through a plate of compact bone, named lamina dura [START_REF] Jiang | Periodontal Ligament and Alveolar Bone in Health and Adaptation: Tooth Movement[END_REF], [START_REF] Kouskoura | The Potential Use of Pharmacological Agents to Modulate Orthodontic Tooth Movement (OTM)[END_REF].

During OTM, the "pressure/tension theory" [START_REF] Henneman | Mechanobiology of tooth movement[END_REF],describes that the surface of the lamina dura being compressed-specifically, the surface on which the tooth is applying pressure-is resorbed by compression-associated osteoclast, while bone apposition occurs by tension-associated osteoblasts along the surface subject to tension from periodontal ligament fibers. This process is schematically divided in three clinical phases:

-(1) In the initial phase, the part of the periodontal ligament adjacent to the lamina dura receiving dental pressure is subject to elastic deformation and compressed. In some areas, this compression disturbs the blood flow and induces cell death leading, within 24 to 48 hours to acellular hyaline regions within the periodontal ligament.

-(2) During the so called lag-phase, osteoclasts cannot reach the site of compression to resorb the alveolar bone, tooth movement is interrupted. This lag phase can last two weeks and may be followed by root resorption together with resorption of the hyalinized regions.

-(3) During the post lag phase, tooth movement proceeds upon resorption of the hyalinized tissue by macrophages, followed by direct resorption of the alveolar bone by osteoclast reaching the adjacent alveolar bone.

On the tension side, the alveolar, osteoblasts undergo bone apposition. OTM resumes through the combination of bone resorption and apposition.

2.2.

Cellular and molecular mechanisms of orthodontic tooth movement

Osteoclasts and bone resorption

Osteoclasts are multinucleate cells arising from hematopoietic precursors of the monocyte/macrophage lineage [START_REF] Teitelbaum | Genetic regulation of osteoclast development and function[END_REF]. The main osteoclastogenic signals are the macrophage colonystimulating factor and the receptor activator of nuclear factor-kappa B ligand (RANKL), both of which are cytokines secreted by osteoblasts. Macrophage colony-stimulating factor is mainly involved in osteoclast precursor proliferation, adhesion, and migration. It is needed for receptor activator of nuclear factor-kappa B (RANK) expression. RANK-RANKL signaling further induces cell-cell fusion to form multinucleate cells and promotes the migration, survival, and bone-resorptive function of mature osteoclasts [START_REF] Wada | The molecular scaffold Gab2 is a crucial component of RANK signaling and osteoclastogenesis[END_REF].

It is important to mention that, under inflammatory conditions, various cytokines with known inflammatory activites-interleukin(Il)-1 beta, Il-6, Il-34, and macrophage inflammatory protein 1 alpha. can synergistically increase RANKL signaling and promote osteoclastogenesis. Tumor necrosis factor-alpha (TNFα) is also known to induce bone resorption directly, by activating mature osteoclasts and stimulating the proliferation and differentiation of osteoclast precursors, or indirectly, by inducing the expression of osteoclastogenic factors in stromal cells or osteoblasts [START_REF] Azuma | Tumor necrosis factor-alpha induces differentiation of and bone resorption by osteoclasts[END_REF].

Cyclooxygenase-prostaglandin E (PGE) signaling is one of the mechanistic pathways by which TNFα triggers RANKL expression. This may explain how some inflammatory conditions can directly induce bone resorption [START_REF] Miyaura | An essential role of cytosolic phospholipase A2alpha in prostaglandin E2-mediated bone resorption associated with inflammation[END_REF]. Osteoclastogenesis is suppressed by osteoprotegerin, an osteoblast decoy receptor that binds to RANKL, thereby inhibiting RANK-RANKL signaling.

Differential expression of molecules between areas of compression and tension has also been demonstrated. On the compressed side, there are high levels of TNFα and matrix metalloproteinase 1, but on the side subject to tension, there are high levels of Il-10, tissue inhibitor of metalloproteinase-1, and collagen type I [START_REF] Huang | Accelerated orthodontic tooth movement: molecular mechanisms[END_REF]. By promoting osteoclast differentiation, function, and survival, TNFα, Il-1 beta, and Il-6 may also help activate the bone remodeling process, bringing about tooth movement. It has been shown that tooth movement is slower in the absence of TNFα [START_REF] Huang | Accelerated orthodontic tooth movement: molecular mechanisms[END_REF].

Furthermore, during tooth movement, thromboxane A2, and PGE1 produced by the cyclooxygenase enzyme trigger bone resorption [START_REF] Leiker | The effects of exogenous prostaglandins on orthodontic tooth movement in rats[END_REF], [START_REF] Yamasaki | The role of cyclic AMP, calcium, and prostaglandins in the induction of osteoclastic bone resorption associated with experimental tooth movement[END_REF], [START_REF] Yamasaki | Clinical application of prostaglandin E1 (PGE1) upon orthodontic tooth movement[END_REF], [START_REF] Krishnan | Cellular, molecular, and tissue-level reactions to orthodontic force[END_REF]. Many experiments with animal models have demonstrated that local application of PGE1, PGE2, or their analogs accelerates tooth movement [START_REF] Leiker | The effects of exogenous prostaglandins on orthodontic tooth movement in rats[END_REF], [START_REF] Kale | Comparison of the effects of 1,25 dihydroxycholecalciferol and prostaglandin E2 on orthodontic tooth movement[END_REF]. In short series of patients (n = 5 and n = 14), local injection of prostaglandin also accelerated tooth movement, at the price of greater local pain [START_REF] Spielmann | Acceleration of orthodontically induced tooth movement through the local application of prostaglandin (PGE1)][END_REF], [START_REF] Yamasaki | Clinical application of prostaglandin E1 (PGE1) upon orthodontic tooth movement[END_REF]. On the other hand, antiinflammatories like aspirin that inhibit the cyclooxygenase 1 and cyclooxygenase 2 signaling pathway slow tooth movement [START_REF] Walker | NSAID impairment of orthodontic tooth movement[END_REF].

Osteoblasts and bone apposition

Osteoblasts are derived from mesenchymal stem cells. Commitment of mesenchymal stem cells to the osteoprogenitor lineage requires the expression of specific genes in a sequence of precisely timed steps, including the synthesis of bone morphogenetic proteins and components of the Wnt pathways. In particular, Ramasamy and colleague showed that administration of recombinant Noggin, a secreted antagonist of bone morphogenetic proteins, restored bone growth and mineralization. [START_REF] Krishnan | Cellular, molecular, and tissue-level reactions to orthodontic force[END_REF]. There is evidence that other elements, such as fibroblast growth factor, microRNAs, connexin 43, and other master genes of osteogenesis that play important roles in osteoblast differentiation which has been extensively reviewed [START_REF] Wu | TGF-β and BMP signaling in osteoblast, skeletal development, and bone formation, homeostasis and disease[END_REF].

Vascular endothelial growth factor (VEGF) is the master regulator of vascular growth and is required for osteogenic differentiation of mesenchymal progenitors, recruitment of osteoclast 

Unique biological characteristics of tooth movement in adults

The greatest difference in the orthodontic treatment of adult patients, with respect to adolescents, appears to be the nearly complete absence of dental growth. Orthodontic treatments rely exclusively on tooth movement [START_REF] Jacobson | Current controversies in orthodontics Birte Melsen: Lombard, Ill[END_REF]. With aging, cortical bone becomes and haversian canals grow in size, making the bone porous. In addition, the volume of cancellous bone diminishes with age, transitioning from a honeycomb-like structure to one more reminiscent of lace [START_REF] Melsen | The role of bone biopsy in the diagnosis of metabolic bone disease[END_REF]. Bone volume shrinks due either to more sites of absorption and osteoclastic activity or fewer apposition zones. Adult bones are less responsive to mechanical forces, and the risk of detachment and loss of bone volume is greater when the gums are inflamed. For many reasons, the duration of treatment can be longer for adults as first, more time is needed to achieve effects because there is less bone turnover in adults. Second, the combination of denser cortical bone and reduced periodontal width can lead to root resorption. Delayed responses to mechanical stimuli appear to be caused by scarcity of osteoblast precursors. Age-related reduction in vascularization may explain the shortage of preosteoblasts [START_REF] Norton | The effect of aging cellular mechanisms on tooth movement[END_REF]. tryptophan hydroxylase 1, Tph-1) have been identified [START_REF] Spohn | Non-conventional features of peripheral serotonin signalling -the gut and beyond[END_REF]. Indeed, over 95% of the body's 5-HT is synthesized by the enterochromaffin cells scattered throughout the enteric epithelium lining the digestive tract from the stomach through the colon. Most of the gut-derived 5-HT is stored within the dense granules of platelets, which release it upon activation. This platelet 5-HT contributes to various hemostatic conditions involving the constriction or dilation of blood vessels, platelet aggregation, and blood clotting. Growing evidence suggests that peripheral 5-HT has effects beyond the central nervous system and the gastrointestinal tract. "Microserotonergic systems" in the mammary glands, bone marrow, liver, muscle, and many other tissues have been described [START_REF] Spohn | Non-conventional features of peripheral serotonin signalling -the gut and beyond[END_REF], [START_REF] Amireault | Serotonin is a key factor for mouse red blood cell survival[END_REF], [START_REF] Fouquet | Serotonin, hematopoiesis and stem cells[END_REF]. Because 5-HT does not cross the blood-brain barrier, it is believed that the neuronal and peripheral pools have discrete sets of functions. The cellular effects of 5-HT result from activation of any of 15 different receptors grouped into 7 different classes (5-HT1 to 5-HT7) [START_REF] Hoyer | Molecular, pharmacological and functional diversity of 5-HT receptors[END_REF]. By activating its various receptors, 5-HT can have opposing effects, which adds to the complexity of the serotonergic system. 5-HT activity also depends on its extracellular availability, which is partly modulated by the membranous specific serotonin transporter (SERT). SERT is necessary for 5-HT uptake by platelets, but it also removes secreted 5-HT from the extracellular medium surrounding neurons and peripheral cells.

Effects of 5-HT on tooth movement

Expression of components of the serotonergic system in bone tissue

5-HT is derived from the essential amino acid tryptophan, which is obtained from dietary sources.

Interestingly, study findings have demonstrated altered tryptophan concentrations in metabolic bone diseases. For instance, osteoblast dysfunction and lower bone mineral density reported in idiopathic osteoporosis have been correlated with lower tryptophan levels in red blood cells [START_REF] Pernow | Associations between amino acids and bone mineral density in men with idiopathic osteoporosis[END_REF]. In addition, tryptophan promotes the proliferation and differentiation of bone marrow mesenchymal stem cells as evidenced by increased expression of osteocalcin and alkaline [START_REF] Refaey | Oxidation of the aromatic amino acids tryptophan and tyrosine disrupts their anabolic effects on bone marrow mesenchymal stem cells[END_REF].

Osteoblasts and osteoclasts express several 5-HT receptors (5-HTR1B, 5-HTR2A, and 5-HTR2B), making them targets for gut-derived 5-HT [START_REF] Bliziotes | Neurotransmitter action in osteoblasts: expression of a functional system for serotonin receptor activation and reuptake[END_REF], [START_REF] Westbroek | Expression of serotonin receptors in bone[END_REF], [START_REF] Locker | Stepwise control of osteogenic differentiation by 5-HT(2B) receptor signaling: nitric oxide production and phospholipase A2 activation[END_REF], [START_REF] Collet | The serotonin 5-HT2B receptor controls bone mass via osteoblast recruitment and proliferation[END_REF]. While normal levels of circulating gutderived 5-HT do not disturb osteoblast proliferation, high levels suppress it, through excessive binding of 5-HTR1B [START_REF] Kode | FOXO1 orchestrates the bone-suppressing function of gut-derived serotonin[END_REF]. Yet brain 5-HT has the opposite effect. It indirectly triggers the beta-2 adrenergic receptors expressed on osteoblasts [START_REF] Michalowska | New insights into tryptophan and its metabolites in the regulation of bone metabolism[END_REF]. Thus, it is proposed that peripheral 5-HT inhibits bone formation but does not affect bone resorption, whereas brain-derived 5-HT enhances bone formation, by inducing osteoblast proliferation, and decreases bone resorption [START_REF] Ducy | The two faces of serotonin in bone biology[END_REF]. In addition, there is evidence for a local autonomous microserotonergic system within bone tissue. Chabbi-Achengli and colleagues showed that RANKL could enhance the expression of Tph1 in osteoclast precursors, for local 5-HT synthesis [START_REF] Chabbi-Achengli | Decreased osteoclastogenesis in serotonin-deficient mice[END_REF]. Osteoclasts have also exhibited greater expression of 5-HT1BR following induction with RANKL, which suggests this receptor is linked to the differentiation of osteoclast precursors. Under steady state conditions, this autocrine/paracrine 5-HT synthesis loop can not only enable osteoclast differentiation but also increase osteoblast proliferation, through 5-HT2BR. While osteoblasts, osteoclasts, and osteocytes all have the machinery to synthesize 5-HT, they also express SERT [START_REF] Battaglino | Serotonin regulates osteoclast differentiation through its transporter[END_REF]. Of interest, SERT knockout mice exhibit a drastically low bone mass index, although how SERT directly contribute to decreased osteoblast function remains to be investigated [START_REF] Bliziotes | Neurotransmitter action in osteoblasts: expression of a functional system for serotonin receptor activation and reuptake[END_REF]. Since osteoblasts and osteoclasts express the SERT, it should be considered that the commonly used SSRIs, by locally increasing 5-HT levels, may enhance 5-HT receptor signaling alongside with the production of molecules involved in bone formation, resorption, and inflammation. For instance, independently of the action of SSRIs, anabolic and resorptive effects were induced by PGE2 on bone since PGs as lipids can act via G-protein coupled receptors [START_REF] Blackwell | Prostaglandins in bone: bad cop, good cop?[END_REF].

Mechanism of action of SSRIs

The monoamine theory of depression postulated that depletion in the level of brain neurotransmitters including serotonin, norepinephrine, and/or dopamine was the underlying cause [START_REF] Hillhouse | A brief history of the development of antidepressant drugs: from monoamines to glutamate[END_REF], [START_REF] Delgado | Depression: the case for a monoamine deficiency[END_REF]. Hence the hypothesis led to the development of drugs targeting the serotonergic system. As mentioned above, in the CNS the use of SSRIs, by targeting SERT, will increase the amounts of 5-HT in the synaptic cleft. Next, the increase in 5-HT concentration will increase the binding of 5-HT to postsynaptic receptors present on serotonergic neurons, resulting in improvement of depression symptoms [START_REF] Murphy | Serotonin transporter: gene, genetic disorders, and pharmacogenetics[END_REF]. SSRI include molecules such as fluoxetine (Prozac), paroxetine, citalopram, fluvoxamine and sertraline. Molecules targeting the norepinephrine, and/or dopamine systems include norepinephrine reuptake inhibitors (NRIs), such as reboxetine, serotonin-norepinephrine reuptake inhibitors (SNRIs), such as Venlafaxine or noradrenaline-dopamine reuptake inhibitor (NDRIs), such as Bupropion. For a detailed description of the properties of these molecules, an excellent review was recently published [START_REF] Shelton | Serotonin and Norepinephrine Reuptake Inhibitors[END_REF].

Regarding to the action of SSRIs, it is important to note that SSRIs are specific for the SERT unlike the serotonin reuptake inhibitors (SRIs) which can also inhibit reuptake of other neurotransmitters.

An additional aspect of importance with reference to the properties of the SSRIs, concerns their relative affinity for the SERT. Indeed, SSRIs are the principal target of SERT, yet they can also bind to the homologous norepinephrine and dopamine transporters, but with a much lower affinity. At last, while SERT targeting by SSRIs has been extensively studied in CNS, SSRI mechanism of action on peripheral tissues is less known. As many microserotonergic systems have been described, it would be interesting to study SSRIs effect on 5-HT action, in peripheral tissues.

Influence of 5-HT on orthodontic tooth movement

Two physiological phenomena promote or even accelerate tooth movement: decreasing bone density and increasing bone turnover. In addition to the physiologic bone remodeling, there is inflammation induced by orthodontic treatment. Expression of the 5-HT system by the cellular elements involved in OTM, suggest that 5-HT might be involved in OTM associated inflammation, bone resorption or osteoid apposition (Fig. 1).

Role of 5-HT in inflammation in OTM

As mentioned earlier, inflammatory factors are essential to the regulation of bone turnover that is triggered by tissue tension linked to tooth movement [START_REF] Meeran | Cellular response within the periodontal ligament on application of orthodontic forces[END_REF]. Inflammatory mediators like PGE [START_REF] Abdel-Salam | Evaluation of the antiinflammatory and anti-nociceptive effects of different antidepressants in the rat[END_REF], Il-1, Il-6, and TNFα, released by cells of the periodontal ligament, activate osteoclasts [START_REF] Herr | The Effects of Serotonin in Immune Cells[END_REF], [START_REF] Wu | Beyond a neurotransmitter: The role of serotonin in inflammation and immunity[END_REF].This leads to bone loss on the compressed side and causes tooth movement [START_REF] Richards | Canadian Multicentre Osteoporosis Study Research Group, Effect of selective serotonin reuptake inhibitors on the risk of fracture[END_REF]. Local or systemic use of NSAIDs (non streroidal anti-inflammatory drugs) or antileukotrienes has been shown to limit OTM both in animal models and humans [START_REF] Cadenas-Perula | Effectiveness of biologic methods of inhibiting orthodontic tooth movement in animal studies[END_REF]. Fluoxetine, on the other hand, has been shown to possess certain anti-inflammatory properties [START_REF] Waiskopf | AChE and RACK1 promote the antiinflammatory properties of fluoxetine[END_REF].

Antidepressants exhibit other variations in pharmacological activity-including their antiinflammatory effects-as demonstrated in animal models. For instance, in rat models of carrageenan-induced inflammation, fluoxetine has been shown to decrease local PGE2 immunoreactivity and substance P concentrations [START_REF] Bianchi | Effects of chlomipramine and fluoxetine on subcutaneous carrageenin-induced inflammation in the rat[END_REF]; bupropion, to decrease levels of circulating tumor necrosis factor-alpha [START_REF] Kast | Anti-and pro-inflammatory considerations in antidepressant use during medical illness: bupropion lowers and mirtazapine increases circulating tumor necrosis factor-alpha levels[END_REF]; and sertraline, to exacerbate inflammation [START_REF] Abdel-Salam | Studies on the anti-inflammatory effect of fluoxetine in the rat[END_REF]. Thus, depending on the selectivity of a given antidepressant, the increase in local bioavailability of 5-HT may have either an anti-inflammatory or pro-inflammatory effect locally and contribute, respectively, to a decrease or increase in tooth movement [START_REF] Branco-De-Almeida | Fluoxetine inhibits inflammatory response and bone loss in a rat model of ligature-induced periodontitis[END_REF].

Role of 5-HT in bone turnover and density in OTM

The balance between osteoblastic bone formation and osteoclastic bone resorption is the foundation of bone turnover and affects bone density. Through its contribution to osteoclastic differentiation, 5-HT can influence bone turnover [START_REF] Battaglino | Serotonin regulates osteoclast differentiation through its transporter[END_REF], [START_REF] Mödder | Relation of serum serotonin levels to bone density and structural parameters in women[END_REF]. Many epidemiological studies have warned of an association between antidepressant use and lower bone density or higher risk of bone fractures, although their interpretation requires caution due to population, dose, and treatment variations [START_REF] Bliziotes | Update in serotonin and bone[END_REF].

When tested on human cell lines, fluoxetine, sertraline, paroxetine, fluvoxamine, and citalopram differentially inhibited osteoclast and osteoblast maturation and mineralization [START_REF] Hodge | Selective serotonin reuptake inhibitors inhibit human osteoclast and osteoblast formation and function[END_REF]. It is important to know that the molecules mentioned above inhibited osteoclast formation between 1-10µM while a high dose of 30µM is required to inhibit bone mineralization by osteoblasts. Within the context of OTM, experimental data, though sparse, support the hypothesis that 5-HT plays a role in tooth movement. Mirashemi et al. showed that, in rats, OTM accelerated when orthodontic treatment was combined with the administration of fluoxetine [START_REF] Mirhashemi | Effect of Fluoxetine Consumption on Orthodontic Tooth Movement in Rats[END_REF]. But they did not detect any significant difference in the number of osteoclasts with fluoxetine, although the width of the periodontal ligament in the mesioapical region of the root increased significantly. For the fluoxetine group, they nevertheless reported a gradual yet steady reduction in the density of the alveolar bone, hard palate, skull bones, and mandible, without any plateau effect, which might indirectly explain the acceleration of OTM. Note that acute or chronic SSRI use has dramatically different effects.

Mortazavi and colleagues investigated the effect of fluoxetine on bone regeneration in a rat parietal critical-size defect model [START_REF] Mortazavi | The effect of fluoxetine on bone regeneration in rat calvarial bone defects, Oral Surg Oral Med Oral[END_REF]. They reported that bone formation increased after fluoxetine treatment, which had begun immediately after injury and continued for 8 weeks. This paradoxical effect is also described by De Vernejoul et al., who found that 5-HT promoted murine osteoblast proliferation at a concentration of 100 nM but inhibited it at 50 µM [START_REF] De Vernejoul | Serotonin: good or bad for bone[END_REF]. Overall either following the increase level of 5-HT by SSRI and/or following activation of the various 5-HT receptors, there is a complexity of signaling related to the divers G-protein-coupled 5-HT receptors.

Relationship between 5-HT and lower risk of root resorption

Although an inflammatory response is necessary for tooth movement, excessive or uncontrolled inflammation is a problem. Orthodontically induced root resorption (OIRR) is currently among the principal adverse reactions to orthodontic treatment, affecting 1% to 5% of patients [START_REF] Roberts-Harry | Orthodontics. Part 11: orthodontic tooth movement[END_REF], [START_REF] Roscoe | Association of orthodontic force system and root resorption: A systematic review[END_REF]. The cellular mechanisms involved in OIRR are similar to those behind osteoclastic bone resorption, and their activity is correlated with increasing RANKL and decreasing osteoprotegerin levels during accelerated tooth movement [START_REF] Leiker | The effects of exogenous prostaglandins on orthodontic tooth movement in rats[END_REF], [START_REF] Sekhavat | Effect of misoprostol, a prostaglandin E1 analog, on orthodontic tooth movement in rats[END_REF]. There is a relationship between bone density and root resorption: The degree of root resorption associated with tooth movement is greater in cortical bone than in cancellous bone, which is less dense [START_REF] Reitan | Tissue behavior during orthodontic tooth movement[END_REF]. The anti-inflammatory effects of fluoxetine, by increasing 5-HT levels, may be useful for preventing excessive inflammation and OIRR [START_REF] Reitan | Tissue behavior during orthodontic tooth movement[END_REF].

Discussion

Correction of dental misalignment has many advantages. Having straight teeth is attractive and boosts self-confidence and self-esteem. More importantly, properly aligned teeth enhance biting, chewing, and speaking. In addition, surgical and other physical interventions shorten treatment times and prevent time-dependent adverse outcomes. Yet, while surgical acceleration of OTM has been proved effective, the use of noninvasive pharmacological approaches (like chemical mediators)

to achieve tooth movement, rather than mechanical or surgical techniques, may maximize benefits and minimize tissue damage for patients. Hence there are important clinical and economic advantages of better understanding the serotonergic mechanism involved in OTM acceleration.

There is strong evidence in support of a local, bone-derived 5-HT system closely linked to the activity of the cellular and molecular regulators of bone turnover. Albeit a better understanding of the remodeling pathways and types of cells involved is necessary. For instance, the use of certain SSRIs has been associated with decreased bone mineral density, both in children [START_REF] Weintrob | Decreased growth during therapy with selective serotonin reuptake inhibitors[END_REF] and adults, the latter subject to higher rates of osteoporosis and greater risk of bone fracture [START_REF] Richards | Canadian Multicentre Osteoporosis Study Research Group, Effect of selective serotonin reuptake inhibitors on the risk of fracture[END_REF], [START_REF] Gagne | Antidepressants and fracture risk in older adults: a comparative safety analysis[END_REF], [START_REF] Diem | Use of antidepressants and rates of hip bone loss in older women: the study of osteoporotic fractures[END_REF], [START_REF] Shea | Serotonin-norepinephrine reuptake inhibitor therapy in late-life depression is associated with increased marker of bone resorption[END_REF], [START_REF] Calarge | A cross-sectional evaluation of the effect of risperidone and selective serotonin reuptake inhibitors on bone mineral density in boys[END_REF], [START_REF] Warden | Inhibition of the serotonin (5-hydroxytryptamine) transporter reduces bone accrual during growth[END_REF]. However, several studies challenge these findings, reporting either no effects [START_REF] Winterhalder | Changes in volumetric BMD of radius and tibia upon antidepressant drug administration in young depressive patients[END_REF], [START_REF] Eskandari | Osteoporosis Women, Alendronate, Depression (POWER) Study Group, Low bone mass in premenopausal women with depression[END_REF], [START_REF] Spangler | Depressive symptoms, bone loss, and fractures in postmenopausal women[END_REF] or greater bone regeneration in calvarial defects when SSRIs are administered [START_REF] Mortazavi | The effect of fluoxetine on bone regeneration in rat calvarial bone defects, Oral Surg Oral Med Oral[END_REF]. Discordant findings on the effects of SSRIs have also been published in relation to OTM. Some authors indicate no change in the rate of bone resorption and tooth movement in animal models [START_REF] Rafiei | Systemic effects of fluoxetine on the amount of tooth movement, root resorption, and alveolar bone remodeling during orthodontic force application in rat[END_REF], [START_REF] Makrygiannakis | Does common prescription medication affect the rate of orthodontic tooth movement? A systematic review[END_REF], [START_REF] Bonnet | Various effects of antidepressant drugs on bone microarchitectecture, mechanical properties and bone remodeling[END_REF] administered fluoxetine or less bone loss in cases of periodontitis when fluoxetine is being given.
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 1 Central and peripheral 5-HT Monoamines, including 5-HThave mainly been studied for their roles as neurotransmitters or neuromodulators in the central nervous system (CNS). As such 5-HT has been implicated in a broad range of functions, including cognition, attention, emotion, pain, sleep, and arousal. Reduced level of 5-HT has been recognized as a central feature of anxiety-depressive disorders. Yet 5-HT within the central nervous system only represents approximately 5% of the body's total volume of 5-HT. While central 5-HT plays a well-established role as a neurotransmitter (synthesized by tryptophan hydroxylase 2, Tph-2), unexpected functions of peripheral, nonneuronal 5-HT (synthesized by
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 11 Figure 1. Influences of 5-HT on Orthodontic tooth movement.