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While initially the oral cavity was considered to be mainly a source of various bacteria, their toxins and antigens, recent studies
showed that it may also be a location of oxidative stress and periodontal inflammation. Accordingly, this paper focuses on the
involvement of melatonin in oxidative stress diseases of oral cavity as well as on potential therapeutic implications of melatonin in
dental disorders. Melatonin has immunomodulatory and antioxidant activities, stimulates the proliferation of collagen and osseous
tissue, and acts as a protector against cellular degeneration associated with aging and toxin exposure. Arising out of its antioxidant
actions, melatonin protects against inflammatory processes and cellular damage caused by the toxic derivates of oxygen. As a result
of these actions, melatonin may be useful as a coadjuvant in the treatment of certain conditions of the oral cavity. However, the
most important effect of melatonin seems to result from its potent antioxidant, immunomodulatory, protective, and anticancer
properties. Thus, melatonin could be used therapeutically for instance, locally, in the oral cavity damage of mechanical, bacterial,
fungal, or viral origin, in postsurgical wounds caused by tooth extractions and other oral surgeries. Additionally, it can help bone
formation in various autoimmunological disorders such as Sjorgen syndrome, in periodontal diseases, in toxic effects of dental
materials, in dental implants, and in oral cancers.

1. Introduction

Melatonin (N-acetyl-5-methoxytryptamine) was isolated
and characterized in 1958 [1] although one of its actions,
that is, its ability to blanch the skin of amphibians, had
already been shown in 1917 [2]. Melatonin is synthesized
by the pineal gland and a variety of other organs. Pinealo-
cytes, the major cells of pineal gland, are responsible for
producing and secreting melatonin into the blood. The
mechanisms of melatonin synthesis are well known and
have been described in numerous publications [3–6]. Briefly,
the pinealocytes take up free tryptophan from the blood
and convert it to serotonin, which involves the enzymes
tryptophan-5-hydroxylase and 5-hydroxytryptophan decar-
boxylase that successfully hydroxylate and decarboxylate
tryptophan, respectively. At night, serotonin is converted
to N-acetylserotonin by the action of N-acetyltransferase.

Thereafter the enzyme hydroxyindole-O-methyl transferase
acts on N-acetylserotonin causing its methylation and
forming melatonin. In animals including man, melatonin
reaches its maximal levels near the middle of the dark period
with uniformly low levels during the day [7]. Because of
the association of pineal melatonin synthesis with night
time, melatonin is referred to as the chemical expression of
darkness [8].

Among many actions, melatonin and its metabolites are
highly effective free radical scavengers [9–11] and stimulators
of antioxidative enzymes. Arising out of its antioxidative
actions, melatonin protects cells during severe inflammatory
processes and reduces oxidative damage [12]. Intense inflam-
matory processes contribute to the development of certain
cancers, cellular damage caused by ionizing radiation, alter-
ations in metabolism, and destruction of essential molecules
and cells [3]. Melatonin also plays an immunomodulatory
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role [4], by regulating the secretion of interleukin-2 (IL-
2) and interferon-alpha (INF-alpha) and the consequent
activation of CD4+ lymphocytes [13]. Moreover, melatonin
reportedly stimulates the proliferation and synthesis of type
I collagen and promotes bone formation [14]. Once in the
blood, melatonin also is discharged into the saliva. The
proportion of plasma melatonin entering the mouth via the
salivary glands appears to be relatively stable and ranges
from 24% to 33%. It is widely agreed that 70% of plasma
melatonin is bound to albumin. As only the free melatonin
in plasma enters the saliva, salivary melatonin levels reflect
the proportion of free-circulating melatonin [7]. Given the
properties of melatonin and its presence in oral cavity
because of this release in saliva [6], its effect on oral health
warrants further investigation.

Melatonin is nontoxic highly lipophilic indole, and this
feature facilitates its penetration through cell membranes
and its compartments. However, the most important effect
of melatonin seems to result from its potent antioxidant,
immunomodulatory, protective, and anticancer properties.
Thus, melatonin could be used therapeutically, for instance,
locally, in the oral cavity damage of mechanical, bacteria,
fungal, or viral origin, in postsurgical wounds caused by
tooth extractions and other oral surgeries, and in helping
bone formation in various autoimmunological disorders,
such as Sjogren syndrome, in periodontal diseases, in toxic
effects of dental materials, in dental implants, and in oral
cancers.

In this paper, we consider the potential roles of melatonin
in the oral conditions including (1) tooth development and
caries; (2) melatonin as an anti-inflammatory agent in oral
cavity; (3) periodontal disease; (4) herpes viral infection;
(5) candidiasis; (6) dental materials; (7) in oral cancers; (8)
in dental implants. The paper provides a description and
explanation of the clinical implications of melatonin in oral
diseases.

2. Melatonin in Tooth Development and Caries

Numerous studies have documented that melatonin is an
important mediator in bone formation and stimulation [15].
Melatonin, with its antioxidant properties and its ability to
detoxify free radicals, may interfere in this function of the
osteoclast and thereby inhibit bone resorption [16]. The
osteogenic effect of melatonin may be of clinical importance,
as it could be used as a therapeutic agent in situations in
which bone formation would be advantageous, such as in
the treatment of fractures or of osteoporosis [16]. Melatonin
may play a physiological role in tooth development/growth
by regulating the cellular function of odontogenic cells in
tooth germs [17].

In hamsters, a highly seasonal species, more caries lesions
develop in the spring and summer, when the duration of
nocturnal elevated melatonin is minimal, and, conversely,
caries occur less commonly in the automan and winter when
melatonin levels are maximal [18]. Moreover, it is known
that tooth and osseous tissue material is strongly modified
by cariogenic diets [18] and, given that melatonin is available

in the foodstuffs, the quantity of melatonin in the consumed
foodstuffs may influence caries incidence [19].

3. Melatonin as an Anti-Inflammatory
Agent in Oral Cavity

The antioxidant properties of melatonin may be benefical
for the treatment of the local inflammatory lesions and
for accelerating the healing process, for example, after
tooth extraction and other surgical procedures in the oral
cavity [10]. Moreover, melatonin can be used to reduce
inflammation produced as a side effect during therapy [3, 6].
Melatonin also has been shown to inhibit the inflammatory
enzyme cyclooxygenase-2 (COX-2). Melatonin reportedly
binds to the active sites of COX-1 and COX-2 indicating
that it may act as a natural inhibitor of the function of
these enzymes and thereby be an endogenous inhibitor of
inflammation [20]. The anti-inflammatory and immunos-
timulatory actions of melatonin are well known [4].

Melatonin has important physiological functions that
have not been exploited in dentistry. The actions of mela-
tonin, as described herein, may have clinical applications
for improving the health of the oral cavity. This suggests
that melatonin could be used therapeutically, for instance
locally in the oral cavity diseases such as bacterial and viral
lesions, postsurgical wounds, and oral surgeries, acting as
a promoter of bone formation, as an important factor in
autoimmunological disorders such as Sjorgen syndrome, in
periodontal diseases, aphthous ulceration, Lichen planus,
oral cancers, and even in toxic effects of dental materials [6].

4. Melatonin and Periodontal Disease

Periodontal tissue is destroyed in the course of periodontitis
by disproportionate immunologic responses to a trigger-
ing agent such as bacteria in biofilm [21]. Free radicals
burst from the phagocytic cells, such as neutrophils and
macrophages and migrate to the inflammation place and
significantly damage the gingival tissue [22]. Lipid peroxi-
dation is a major factor in the induction and progression of
chronic periodontitis [23]. Increased reactive oxygen species
(ROS) captured by melatonin and its metabolites in the
inflamed area would be beneficial in reducing the degree
of tissue damage. Moreover, melatonin influences fibroblast
activity and bone regeneration by promoting osteoblast
differentiation and bone formation [24]. Melatonin also
stimulates the synthesis of type I collagen fibers [25]. It
has been established that melatonin mediates these effects
through receptor localized on preosteoblasts which leads to
the production of bone sialoprotein, alkaline phosphatase,
osteopontin, and osteocalcine in these cells, thus significantly
shortening the time needed for their differentiation into
mature osteoblasts from 21 to 12 days [9].

The receptor activation of nuclear factor-kappa B ligand
(RANKL) is an important protein in osteoclastic differentia-
tion and proliferation [26]. Another protein, osteoprotegerin
(OPG), interferes with its biologic potential. RANKL and
OPG play critical roles in the development of periodontal
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disease, with periodontal bone destruction resulting from
the upregulation of RANKL with downregulation of OPG
[27]. Melatonin alters these events by modulating the molec-
ular triad of OPG/RANK/RANKL [28]. Also, treatment
with melatonin stimulates the proliferation, differentiation,
and activity of osteoblasts. Moreover, melatonin may act
at the level of the osteoclasts lacuna, because of these
antioxidant properties and its ability to neutralize reactive
species where it inhibits bone resorption [29]. There is
some evidence that topical application of melatonin may
act as a biomimetic agent in the placement of endoasseous
dental implants [14]. Because of the antioxidant and anti-
inflammatory effects of melatonin, an increase in salivary
melatonin levels may improve the organism’s defensive
response to the periodontal inflammatory process. A recent
study [30] showed that melatonin strongly suppresses nitric
oxide (NO) and interleukin-6 (IL-6) production induced by
lipopolysaccharide (LPS) from P. intermedia, a major cause
of inflammatory periodontal disease, in macrophages. Few
studies showed both saliva [24, 31] and Gingival Crevicular
Fluid (GCF) [31] melatonin levels, indicating that melatonin
may have a protective role against periodontal disease. As the
degree of periodontal disease increased, the salivary and GCF
melatonin level decreased, indicating that melatonin acts to
protect the body from external bacterial insults [24, 31].
The administration of melatonin, in local or systemic form,
might be indicated in these patients, with the goal to protect
their mouth against inflammatory and infectious processes
of diverse nature.

5. Melatonin and Herpes Viral Infection

The benefical effects of melatonin in herpes infections of
the oral cavity have been compared with Acyclovir. In this
case, melatonin proved benefical in reducing the severity
of herpes at least as effectively as the prescription drug.
This is consistent with the actions of melatonin on other
viral infections where it has also been found to reduce the
severity of those infections. The benefits of melatonin in
these situations seem to stem from the immunomodulatory
actions of melatonin in the stimulation of IL-1B, which has
antiviral effects. The suppressive actions of melatonin on
herpes may also relate to its stimulation of NK, CD4 cells,
and so forth. At this point, the precise mechanism where
by melatonin may reduce the severity of herpes infections
remains unknown [32].

To promote the regression of the symptoms of herpes
virus infection, a formulation containing 2.5 mg melatonin
and 100 mg SB-73 (a mixture of magnesium, phosphate,
fatty acids, and protein extracted from Aspergillus oryzae)
with no reported side effects has been developed. This
formulation is based on published information indicating
that melatonin has known immunomodulatory properties.
As it is considered a supplement, with natural ingredients,
it may be fine utility in the treatment of herpes infections
by individuals who cannot afford prescription drugs. Other
studies have documented the antiviral actions of mela-
tonin [33]. Currently known effects of SB-73 on immune
system components include stimulation of production of

T lymphocytes and cytokines, particularly interleukin-2 (IL-
2) and interferon-gamma (INF-gamma) leading to increased
activity of natural killer (NK) cells. SB-73 given either before
or after viral infection increased the number of bone marrow
granulocyte-macrophage progenitor cells (CFU-GMs) [32,
34]. As it is known that IFN-gamma has immunoregulatory,
antiviral activities, it may be hypothesized that the action of
SB-73 involves immunotherapeutic one.

6. Melatonin and Candidiasis

As an immunomodulator, melatonin reportedly exhibits
protective effects in severe sepsis/shock induced by bacterial
lipopolysaccharide in animal models. Melatonin reduced IL-
6 levels and shortened time to improvement in animals with
Candida sepsis. Levels of TNF-alpha and adhesion molecules
in melatonin-treated septic rats were reduced compared
with those in untreated septic rats [35]. Considering these
findings, melatonin may have therapeutic benefits in Can-
dida sepsis and classic antimycotic treatment because of
this immune-regulatory effects. Thus, melatonin may also
be useful as a topical and/or systemic treatment of oral
candidiasis.

Terron et al. [36] evaluated the effect of melatonin
on the ingestion and destruction of Candida albicans (live
particles) by the ring dove (Streptopelia risoria) at different
durations of incubation with physiological as well as with
a pharmacological concentration of melatonin. Also, some
study results support the proposal that melatonin enhances
phagocytic function and at the same time reduces oxidative
stress originating during candidiasis [36, 37].

7. Dental Materials and Melatonin

Contemporary dental restorative materials mainly consist
of methacrylate polymers with some additives. However,
because of the incompleteness of polymerization process
in situ as well as mechanical shearing and enzymatic deg-
radation, methacrylate monomers are released from the
restoration into the oral cavity and the pulp, from where they
gain access to other tissues and organs. Such monomers have
displayed toxic properties in many in vivo and vitro studies
including cytotoxicity and genotoxicity and a considerable
portion of these effects is underlined by the oxidative action
of these compounds [38, 39].

Methacrylate compounds are widely used in polymeric
forms in restorative and esthetic dentistry as well as in
orthodontics [40]. However, the polymerization process,
which occurs in situ, is always incomplete, resulting in the
presence of methacrylate monomers in the oral cavity and
the tooth itself, where they can migrate through dentinal
microchannels to enter the pulp cavity; thereafter, they gain
access to the vascular system and methacrylate monomers
may be potentially present in all tissues and organs after
being transported in the bloodstream.
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The monomers have been reported to induce a broad
spectrum of adverse biological outcomes, including cytotoxic
and genotoxic effects [39]. On the other hand, melatonin
shows a biocompatibility with tissues of the oral cavity and,
because of its multiple antioxidative, anti-inflammatory, and
oncostatic actions, it could be considered as a protective
agent against harmful effects of dental materials [41–45].

8. Cytotoxicity and Genotoxicity
of Dental Materials

Traditional amalgam dental fillings, because of their high
content of toxic mercury, have been replaced by dental com-
posite materials, which are a mixture of organic polymers
with inorganic fillers. Usually, these polymers are formed
in situ from methacrylate-acid-(MAA-) based monomers:
2-hydroxymethyl methacrylate (HEMA), bisphenol A-
diglycidyl dimethacrylate (bis-GMA), urethane methacrylate
(UDMA), triethylene glycol dimethacrylate (TEGDMA),
methyl methacrylate (MMA), and others. A considerable
fraction of monomers does not undergo polymerization,
and monomers, comonomers, and other substances may be
released from polymerized materials because of a mechanical
stress associated with chewing and the action of enzymes
present in the saliva. Moreover, polymethacrylates may
contain hydrolyzable ester groups at their surface and the
action of esterases may release products of degradations of
monomers into the oral cavity. MAA-based monomers are
esters, so they can be targeted by esterases when in the
organism and undergo dissolution [46].

Degradation of polymers may be induced also by bac-
teria, especially when the composite filling is affected by
polymerization shrinkage, creating a gap between the fill-
ing and dentin [47]. Methacrylate monomers may diffuse
through the dentinal tubules and reach miolimolar con-
centrations in the pulp, where they can damage pulp cells
and migrate further into the bloodstream [48, 49]. As a
consequence, HEMA leaching from dentin adhesives may
reach concentrations in the pulp as high as 1.5–8 mM [43].
Likewise, TEGDMA concentrations reaching the pulp range
up to 4 mm [20]. These concentrations are sufficiently high
to induce a wide spectrum of harmful effects in pulp cells and
other tissues, which can be reached by methacrylates from
the bloodstream.

Also, it has been shown recently that methacrylate mon-
omers used in dentistry could interact with DNA of human
lymphocytes, inducing single- and double-strand breaks
and alterations to the DNA bases, including their oxidative
modifications [50]. Therefore, methacrylate monomers used
in restorative and esthetic dentistry may have the potential
for inducing genotoxic effects. Phenotypic changes studies
on the mechanisms of these effects may help to prevent
or diminish their consequences. Oxidative mechanisms
underlying some of these effects suggest the use of well-
recognized antioxidants in a prevention strategy. Melatonin
is one such antioxidant and its metabolites are also potent
antioxidants [3, 5, 51].

9. Protective Action of Melatonin
against DNA-Damaging Agents

Melatonin has a long history of studies documenting its
ability to prevent DNA damage induced by toxic chemicals
and ionizing radiation [5, 52]. Also, results of many studies
performed in vitro suggest protective effects of melatonin
in normal cells against several agents present in the envi-
ronment, including lead [53, 54], arsenic and fluoride, both
singly and in combination [55, 56]. In the latter study,
melatonin also inhibited sister chromatid exchanges and
stimulated cell proliferation.

Reactive oxygen species are implicated in induction of
programmed cell death, that is, apoptosis [57]. On the other
hand, melatonin displays strong antioxidative properties and
it is a potent antiapoptotic agent. The mechanisms whereby
melatonin regulates the apoptotic program are being inten-
sively investigated [57–59]. Therefore, melatonin’s action as
a scavenger of reactive oxygen species and its involvement in
the repair of the damage mediated by these species may be
considered.

10. Biocompatibility of
Melatonin in the Oral Cavity

Melatonin is present in the oral cavity as a consequence of its
release into the saliva. A significant correlation between con-
centrations of melatonin in saliva and serum was reported
with the general conclusion that melatonin concentration is
a reliable index of serum melatonin level [24, 29].

Melatonin may play an important role in many physi-
ological processes in the oral cavity and decrease the con-
seqences of several pathologies [29].

The biocompatibility of melatonin with the tissues of the
oral cavity, the need of defense against cytotoxic, genotoxic
action of methacrylate-based dental materials as well as the
current results suggesting compliance of melatonin with
dental materials and its protection against harmful effects
induced by these materials clearly justify further research on
the application of melatonin in dentistry.

Melatonin decreases cytotoxic and genotoxic effects of
methacrylate monomers used in dentistry, and it does not
influence the bond strength of dental composites. This
opens a new possible application of melatonin to improve
properties of biomaterials used in dentistry.

11. Melatonin and Oral Cancer

Melatonin exerts oncostatic activity through several biologic
mechanisms including antiproliferative actions, stimulation
of anticancer immunity, modulation of oncogene expression,
and anti-inflammatory, antioxidant, and antiangiogenic
effects [60]. Melatonin inhibits human cancer cell growth in
culture and preliminary clinical studies seem to confirm its
anticancer property in vivo as well. In addition, melatonin
may have other biologic effects, which could be useful in pal-
liative therapy for cancer, namely, anticachectic, antiasthenic,
and thrombopoietic properties [61]. Melatonin appears to a
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promising anticancer agent [62]. First, melatonin scavenges
ROS, which are known second messengers in the signaling
pathways leading to the cell division [60]. Additionally,
melatonin amplifies the antitumor activity of interleukin-
2 [62]. Melatonin is a proven powerful cytostatic drug in
vitro as well in vivo [63–65]. Melatonin may be successfully
administered in medical oncology in the suppurative care of
untreatable advanced cancer patients and for the prevention
of the side effects of chemotherapy.

More recent studies have shown that melatonin functions
are much more complex than those exclusively related to
circadian and circannual cycles. They point to an association
between aspects of intracellular functions and melatonin that
involve mechanisms independent of its action on receptors.
Melatonin is just one of the many factors that can control
cell proliferation. In this group, melatonin is the only
known chronobiotic and hormonal regulatory of neoplastic
cell growth. With physiological circulating concentrations,
melatonin is cytostatic and inhibits cancer cell proliferation
[66].

Melatonin is the circadian signal that mediates seasonal
reproductive-cycle variations in photoperiodic mammals
and influences numerous aspects of circadian rhythms by
binding to membrane receptors [67]. The production and
release of nearly all hormones exhibits diurnal timing
patterned on an approximately 24 h cycle. Lifestyle factors
(e.g., working a night shift or sleep disruption) or exposure to
specific agents (e.g., light at night (LAN)) disrupts circadian
rhythm or alters endocrine function and, possibly, the
regulation of reproductive hormones relevant to the etiology
of hormone-related diseases like breast or prostate cancer
[68]. Hence, individuals affected by lack of continuous light,
for example, the blind, are un affected by the melatonin-
production inhibition that affects night workers. Breast
tumors are less prevalent in blind women [69]. In 2007, IARC
(WHO) corroborated this by classifying “shift-work that
involves circadian disruption” as potentially carcinogenic
[70].

In relation to oral cancer, it has been speculated that
exogenous restoration of melatonin receptor 1 A (MTNR1A)
expression inhibited the growth of oral squamous cell
carcinoma cells lacking its expression [71]. Together with
the known tumor-suppressive functions of melatonin and
the presence of MTNR1A in various tumors, the MTNR1A
is likely target for epigenetic silencing at loci 4q35 and
may play a pivotal role during oral carcinogenesis [72].
In precancerous oral diseases such as leukoplakia [21] and
lichen planus, reactive species also are involved in their
pathogenesis [71]. In light of these studies, the importance
of melatonin in carcinogenesis in the oral cavity is clear.
Melatonin released into the oral cavity via the saliva may have
yet to be identified for oral health.

12. Melatonin and Dental Implants

A variety of substances have been used to enhance peri-
implant bone response: growth factors [73], morphogenetic
proteins [74], and, more recently hormones, such as growth
hormone, and melatonin [75]. A number in vitro studies

have reported that melatonin is an important mediator
in bone formation of stimulation, promoting osteoblast
differentiation [76, 77]. Links between melatonin and bone
metabolism have been documented in many studies [9,
76, 78]. In these investigations, melatonin acted on the
bone as a local growth factor, with paracrine effects on
nearby cells [79–81]. Also, it has been shown that melatonin
influences precursors of bone cells in bone marrow of
rats [80]. In addition, the indolamine has been found
to be a significant modulator of calcium metabolism and
reportedly prevents osteoporosis and hypocalcemia in cer-
tain cases, probably due to its interaction with other bone
regulatory factors, such as parathormone, calcitonin, or
prostaglandins [81–83]. These findings likely have biological
significance and support some findings. Four weeks after
implant insertion, melatonin with collagenized porcine bone
significantly increased the osteointegration and reduced
crestal bone resorption formation compared with porcine
bone alone [84]. In general, bone substitutes have allo or
xenogeneic origins or are synthetically made from calcium-
based materials. Xenogeneic biomaterials display a similar
morphology as human bone and have the potential of being
resorbed. Deproteinized bovine bone is one of the most
well-documented bone substitutes. This material has been
shown to have osteoconductive properties and histological
examination has demonstrated osseointegration of titanium
implants in areas previously treated [84–86]. Recently, bone
substitutes of porcine origin have been used for maxillary
sinus floor augmentation prior to implant placement [84,
87].

It is also shown that bone-to-implant contact (BIC)
and total peri-implant bone area at 4 and 12 wk are higher
in melatonin-treated implant than in controls consistent
with a previous study [84, 88]. The larger amount of bone
tissue in direct contact with the implants that received
topical melatonin perhaps reflects greater synthesis of bone
matrix in the peri-implant area: this may be due to either
an increase in the number or in the activity of osteoblast
cells, or to the inhibition of osteoclast activity, or to both
actions. One important function of melatonin seems to be
the formation of bone cells. In this regard, several studies
have shown that melatonin stimulates proliferation and
differentiation of human osteoblasts in vitro, as well as
the synthesis of type I collagen and other proteins of the
bone matrix [76, 78, 80]. Also, newly formed bone and
abundant bone trabeculae in direct contact with implant
surfaces were observed after the administration of melatonin
and recombinant human fibroblast growth factor-2 (FGF-2)
by intraperitoneal injection in female rats [89]. Melatonin
would appear to contribute to the formation of new bone
around implants as it stimulates the differentiation of new
preosteoblasts, which are transported from bone marrow to
the alveolar bed via the vascular system, another action of
melatonin at the preosteoblast level, which enhances new
bone tissue formation by stimulation of gene expression of
certain proteins in the bone matrix [88].

Macrophages and leukocytes from peri-implant blood
vessels promate an increase in free radicals, which stimulate
bone resorption by the osteoclast [10, 29, 90]. Melatonin is
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antioxidant and anti-inflammatory properties may attenuate
this reaction and constrain the production of reactive species
and therefore bone resorption, after implant surgery [91].
The inhibition of bone resorption may be reinforced by
another reaction induced by melatonin on the osteoclasto-
genesis process.

These actions of melatonin on bone tissue are of interest
as it may be possible to apply melatonin during endosseous
dental implant surgery as a biomimetic agent [82]. As a
result, the process of healing may be more precise, initial
conditions of receptor tissues may be enhanced, the period of
osteointegration and settling of the implant may be reduced,
and therefore the quality of life of the patient may be
improved.

13. Conclusions

While the inflammatory and oxidative mechanisms of the
oral diseases are being unraveled, the use of novel anti-
oxidant and anti-inflammatory substances is warranted.
Melatonin may have clinical applications in reducing oral
diseases, limiting tissue damage that is a result of free
radicals, stimulating the immune response, reducing the
progressive loss of alveolar bone, promoting the regression
of symptoms of herpes viral infection, impeding local
inflammatory lesions, and possible treatment of xerostomia
and oral cancer also with the biocompatibility of melatonin
with the tissues of the oral cavity and the need of defense
against cytotoxic and genotoxic action of methacrylate-based
dental materials.

Melatonin has the following positive aspects: it is endoge-
nously produced, it is nontoxic, it diffuses rapidly into all
cells and body fluids, it penetrates all subcellular compart-
ments, it is generally devoid of pro-oxidant actions, and
it stimulates a number of antioxidant enzymes. Melatonin
released into the oral cavity via the saliva may have yet-
to-be identified benefits for oral health. Melatonin from
the blood into the saliva may play an important role in
suppressing oral diseases. It may have beneficial effects
in periodontal disease, herpes, and oral cancer, amongst
others [92]. Individuals, as the result of pathologies that
are characterized by a malfunction of the salivary glands,
may have an elevated capacity to develop diseases of oral
cavity. The administration of melatonin, in local or systemic
form, might be indicated in these patients, with the goal of
protecting their mouth against inflammatory and infectious
processes of a diverse nature. The functional aspects of
melatonin in the oral cavity need additional investigating and
may prove to be a fertile area for research. If melatonin has
an effect in improving any aspect of oral health, the regular
use of currently available sublingual tablets may be found to
be useful as a means of treatment.
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[53] A. Üstundag and Y. Duydu, “The influence of melatonin and
N-acetylcysteine in δ-aminolevulinic acid and lead induced
genotoxicity in lymphocytes in vitro,” Biological Trace Element
Research, vol. 117, no. 1–3, pp. 53–64, 2007.

[54] H. H. Pant and M. V. Rao, “Evaluation of in vitro anti-
genotoxic potential of melatonin against arsenic and fluoride
in human blood cultures,” Ecotoxicology and Environmental
Safety, vol. 73, no. 6, pp. 1333–1337, 2010.

[55] R. J. Reiter, L. C. Manchester, and D. X. Tan, “Neurotoxins:
free radical mechanisms and melatonin protection,” Current
Neuropharmacology, vol. 8, no. 3, pp. 194–210, 2010.

[56] G. H. El-Sokkary, E. S. Kamel, and R. J. Reiter, “Prophylactic
effect of melatonin in reducing lead-induced neurotoxicity in
the rat,” Cellular and Molecular Biology Letters, vol. 8, no. 2, pp.
461–470, 2003.

[57] M. J. Jou, T. I. Peng, L. F. Hsu et al., “Visualization
of melatonin’s multiple mitochondrial levels of protection
against mitochondrial Ca2+-mediated permeability transition
and beyond in rat brain astrocytes,” Journal of Pineal Research,
vol. 48, no. 1, pp. 20–38, 2010.

[58] S. Paul, P. Bhattacharya, P. D. Mahapatra, and S. Swarnakar,
“Melatonin protects against endometriosis via regulation
of matrix metalloproteinase-3 and an apoptotic pathway,”
Journal of Pineal Research, vol. 49, no. 2, pp. 156–168, 2010.

[59] G. Paradies, G. Petrosillo, V. Paradies, R. J. Reiter, and
F. M. Ruggiero, “Melatonin, cardiolipin and mitochondrial
bioenergetics in health and disease,” Journal of Pineal Research,
vol. 48, no. 4, pp. 297–310, 2010.

[60] R. J. Reiter, “Mechanisms of cancer inhibition by melatonin,”
Journal of Pineal Research, vol. 37, no. 3, pp. 213–214, 2004.

[61] P. Lissoni, “Is there a role for melatonin in supportive care?”
Supportive Care in Cancer, vol. 10, no. 2, pp. 110–116, 2002.

[62] R. J. Reiter, D. X. Tan, A. Korkmaz et al., “Light at night,
chronodisruption, melatonin suppression, and cancer risk: a
review,” Critical Reviews in Oncogenesis, vol. 13, no. 4, pp. 303–
328, 2007.

[63] S. C. Miller, P. S. R. Pandi, A. I. Esquifino, D. P. Cardinali,
and G. J. M. Maestroni, “The role of melatonin in immuno-
enhancement: potential application in cancer,” International
Journal of Experimental Pathology, vol. 87, no. 2, pp. 81–87,
2006.

[64] G. Garcı́a-Santos, I. Antolı́n, F. Herrera et al., “Melatonin
induces apoptosis in human neuroblastoma cancer cells,”
Journal of Pineal Research, vol. 41, no. 2, pp. 130–135, 2006.

[65] V. Martı́n, F. Herrera, P. Carrera-Gonzalez et al., “Intracellular
signaling pathways involved in the cell growth inhibition of
glioma cells by melatonin,” Cancer Research, vol. 66, no. 2, pp.
1081–1088, 2006.

[66] D. K. Mirick and S. Davis, “Melatonin as a biomarker of
circadian dysregulation,” Cancer Epidemiology Biomarkers and
Prevention, vol. 17, no. 12, pp. 3306–3313, 2008.

[67] D. E. Blask, R. T. Dauchy, and L. A. Sauer, “Putting cancer
to sleep at night: the neuroendocrine/circadian melatonin
signal,” Endocrine, vol. 27, no. 2, pp. 179–188, 2005.

[68] C. A. Czeisler and E. B. Klerman, “Circadian and sleep-
dependent regulation of hormone release in humans,” Recent
Progress in Hormone Research, vol. 54, pp. 97–130, 1999.

[69] E. E. Flynn-Evans, R. G. Stevens, H. Tabandeh, E. S. Sch-
ernhammer, and S. W. Lockley, “Total visual blindness is
protective against breast cancer,” Cancer Causes and Control,
vol. 20, no. 9, pp. 1753–1756, 2009.

[70] T. Kantermann and T. Roenneberg, “Is light-at-night a
health risk factor or a health risk predictor?” Chronobiology
International, vol. 26, no. 6, pp. 1069–1074, 2009.

[71] P. Chaiyarit, N. Ma, Y. Hiraku et al., “Nitrative and oxidative
DNA damage in oral lichen planus in relation to human oral
carcinogenesis,” Cancer Science, vol. 96, no. 9, pp. 553–559,
2005.

[72] E. Nakamura, K. I. Kozaki, H. Tsuda et al., “Frequent silencing
of a putative tumor suppressor gene melatonin receptor 1 A
(MTNR1A) in oral squamous-cell carcinoma,” Cancer Science,
vol. 99, no. 7, pp. 1390–1400, 2008.

[73] S. E. Lynch, D. Buser, R. A. Hernandez et al., “Effects of
the platelet-derived growth factor/insulin-like growth factor-
I combination on bone regeneration around titanium dental
implants. Results of a pilot study in beagle dogs,” Journal of
Periodontology, vol. 62, no. 11, pp. 710–716, 1991.

[74] J. J. Cook, K. M. Haynes, and G. A. Werther, “Mitogenic effects
of growth hormone in cultured human fibroblasts. Evidence
for action via local insulin-like growth factor I production,”
Journal of Clinical Investigation, vol. 81, no. 1, pp. 206–212,
1988.

[75] I. F. Tresguerres, C. Clemente, M. Donado et al., “Local
administration of growth hormone enhances periimplant
bone reaction in an osteoporotic rabbit model: an histologic,
histomorphometric and densitometric study,” Clinical Oral
Implants Research, vol. 13, no. 6, pp. 631–636, 2002.

[76] M. D. Maldonado, F. Murillo-Cabezas, M. P. Terron et al., “The
potential of melatonin in reducing morbidity-mortality after
craniocerebral trauma,” Journal of Pineal Research, vol. 42, no.
1, pp. 1–11, 2007.

[77] A. Conti, S. Conconi, E. Hertens, K. Skwarlo-Sonta, M.
Markowska, and G. J. M. Maestroni, “Evidence for melatonin
synthesis in mouse and human bone marrow cells,” Journal of
Pineal Research, vol. 28, no. 4, pp. 193–202, 2000.

[78] J. A. Roth, B. G. Kim, W. L. Lin, and M. I. Cho, “Melatonin
promotes osteoblast differentiation and bone formation,” The
Journal of Biological Chemistry, vol. 274, no. 31, pp. 22041–
22047, 1999.

[79] C. Halder, D. Haussler, and D. Gupta, “Effect of the pineal
gland on circadian rhythmicity of colony forming units for
granulocytes and macrophages (CFU-GM) from rat bone
marrow cell cultures,” Journal of Pineal Research, vol. 12, no.
2, pp. 79–83, 1992.

[80] D. X. Tan, L. D. Chen, B. Poeggeler, L. C. Manchester, and R.
J. Reiter, “Melatonin: a potent endogenous hydroxyl radical
scavenger,” Endocrine Journal, vol. 1, pp. 57–60, 1993.

[81] D. O. Hakanson, R. Penny, and W. H. Bergstrom, “Calcemic
responses to photic and pharmacologic manipulation of
serum melatonin,” Pediatric Research, vol. 22, no. 4, pp. 414–
416, 1987.



International Journal of Dentistry 9

[82] Z. Ostrowska, B. Kos-Kudla, M. Nowak et al., “The relation-
ship between bone metabolism, melatonin and other hor-
mones in sham-operated and pinealectomized rats,” Endocrine
Regulations, vol. 37, no. 4, pp. 211–224, 2003.

[83] B. Klinge, P. Alberius, S. Isaksson, and J. Jonsson, “Osseous
response to implanted natural bone mineral and synthetic
hydroxylapatite ceramic in the repair of experimental skull
bone defects,” Journal of Oral and Maxillofacial Surgery, vol.
50, no. 3, pp. 241–249, 1992.

[84] J. L. Calvo-Guirado, G. Gómez-Moreno, L. López-Marı́ et
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