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Melatonin in the oral cavity:
physiological and
pathological implications
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Background and Objectives: The purpose of this article was to summarize what
is known about the function of melatonin in the oral cavity.

Material and Methods: Databases were searched for the relevant published liter-
ature to 30 November, 2013. The following search items were used in various
combinations: melatonin, gingiva, periodontium, inflammation, herpes, alveolar
bone, periodontal ligament, dental implants, xerostomia, methacrylate, chlorhex-
idine, cancer. The literature uncovered is summarized herein.

Results: Salivary melatonin levels exhibit a circadian rhythm with highest values
at night. Melatonin has both receptor-mediated and receptor-independent
actions in cells of the oral cavity. Melatonin is released into the saliva by the
acinar cells of the major salivary glands and via the gingival fluid. Functions of
melatonin in the oral cavity are likely to relate primarily to its anti-inflamma-
tory and antioxidant activities. These actions may suppress inflammation of the
gingiva and periodontium, reduce alveolar bone loss, abrogate herpes lesions,
enhance osteointegration of dental implants, limit oral cancer, and suppress dis-
orders that have a free radical component. Sublingual melatonin tablets or oral
melatonin sprays and topical melatonin-containing gel, if used on a regular
basis, may improve overall oral health and reduce mucosal lesions.

Conclusion: Collectively, the results indicate that endogenously-produced and
exogenously-applied melatonin are beneficial to the oral cavity.
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Melatonin (N-acetyl-5-methoxytrypta-  receptor-independent  free  radical

mine) was discovered in extracts of
the bovine pineal gland and synthesis
in this organ was determined in 1958.
Subsequently, however, high melato-
nin production has been observed in
numerous other tissues (1).

Melatonin has multiple, diverse
physiological functions. Some of these
actions are mediated by specific recep-
tors in the membranes of most, if not
all, cells (2). Melatonin also has

scavenging actions (3). Finally, mela-
tonin has indirect protective functions
against reactive oxygen (ROS) and
reactive nitrogen species via its ability
to stimulate antioxidative enzymes
(4,5). The combination of the direct
and indirect antioxidative actions of
melatonin assists this molecule in
potently resisting oxidative damage
throughout the body, including in the
oral cavity.

Melatonin is not in equilibrium
within organisms. Quite the contrary,
melatonin’s  concentrations  vary
widely among different bodily fluids.
In saliva, melatonin levels are lower
than those in simultaneously collected
blood samples. Within cells, melato-
nin also is not equally distributed in
the organelles and these levels are
commonly higher than in simulta-
neously collected blood samples, for
example, in hepatocytes melatonin
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concentrations in cell membranes >
mitochondria > nucleus > cytosol (6).
It is assumed that similar concentra-
tion differences exist in organelles of
other cells.

Melatonin in the oral cavity

The melatonin rhythm observed in
the serum of vertebrates (7,8) is also
expressed in the saliva (9,10). Conse-
quently, the cycle of melatonin in
saliva is a reliable surrogate of that in
the blood. Indeed, disturbances of the
salivary melatonin  rhythm have
frequently been used to judge pertur-
bations of the blood melatonin cycle,
pineal melatonin synthesis and altera-
tions in the biological clock (11).

The levels of melatonin in the saliva
are roughly one-fourth to one-third
those in the general circulation (rang-
ing from 1 to 5 pg/mL in the day and
up to 50 pg/mL at night) (9). Melato-
nin in the saliva is believed to be from
the unbound melatonin component in
the systemic circulation that passively
enters the mucous/serous cells of the
major salivary glands (parotid, sub-
maxillary and sublingual glands). It is
discharged from the individual acinar
cells of the salivary glands due to the
contraction of the myoepithelial ele-
ments of the acini. Given that the quan-
tity of melatonin that enters the oral
cavity is proportional to salivary flow,
xerostomia is likely associated with low
levels of melatonin in the oral cavity.
Whether the lingual, buccal or palatine
mucous/serous secreting glands con-
tribute to the melatonin concentration
in the oral cavity is unknown.

The salivary glands may themselves
synthesize melatonin. Recently, Shim-
ozuma et al. (12) immunohistochemi-
cally identified the expression of the
enzymes that mediate the serotonin-
to-melatonin transformation in the
major salivary glands of the rat and
in the human submandibular gland.
Thus, both arylalkylamine N-acetyl-
transferase and  hydroxyindole-O-
methyltransferase (currently known as
acetylserotonin methyltransferase)
were shown to be expressed in the
striated ducts and epithelial cells of
these glands. These enzymes convert
serotonin to melatonin (8).

Tablets, capsules and liquid prod-
ucts containing melatonin are widely
available and are used, usually on a
daily basis, as a sleep aid, antidepres-
sant, circadian rhythm regulator, anti-
oxidant or for other reasons (3,13,14).
In particular, when an oral liquid
product or the sublingual tablet is
used, concentrations of melatonin in
the oral cavity increase substantially,
at least in the short term. Given the
marked antioxidant (15,16) and anti-
inflammatory (17,18) activities of the
indole, use of these melatonin prepa-
rations may significantly improve oral
health.

Other factors that affect the
amount of measurable melatonin in
the saliva are the type of food eaten
before the saliva sample is collected.
Fruits, grains, vegetables and nuts,
e.g. tart cherries (19), rice (20),
tomato (21), walnuts (22), cucumber
(23) and others, as well as liquids that
are commonly used, e.g. coffee (24),
tea (25), beer (26) and wine (27), also
contain melatonin. This may become
more relevant considering that edible
foods are being genetically engineered
to produce increased amounts of
melatonin. Plants have been geneti-
cally engineered to produce elevated
amounts of melatonin to increase the
nutritional value of the edible product
(28) and to provide antioxidant pro-
tection for the plant itself (20).

Melatonin also has been added to
dental hygiene products and a patent
has been issued for melatonin-
containing toothpaste and mouthwash
(US2006/0127326-A1). If these latter
products become available and are
used before sleep at night, they could
maintain higher levels of melatonin in
the oral cavity at a time salivary
secretion is at a minimum. Finally, a
recently patented gel, which contains
slowly released melatonin that can be
applied in the oral cavity, is effective
in reducing mucosal lesions resulting
from a variety of causes (G. Escames,
D. Acuna-Castroviejo unpublished).

The presence of melatonin in the
gingival crevicular fluid of humans
was reported by Srinath and col-
leagues (29). The measured levels in
this fluid from individuals with a
healthy mouth (absence of gingivitis)

was 1.54 pg melatonin/mL compared
to 2.17 pg/mL in salivary fluid. These
values are low as would be expected
for oral cavity fluid collected with the
patients in the light (9). However, the
results would have been more mean-
ingful had the crevicular fluid been
collected also during the night and
the day/night melatonin levels been
compared.

Cutando et al. (30) examined the
association between daytime salivary
melatonin levels and the severity of
the inflammatory status in periodon-
tal disease, evaluated wusing the
community periodontal index. They
reported an inverse correlation
between plasma and salivary melato-
nin levels and the severity of peri-
odontitis. While this inverse
correlation does not prove a defini-
tive association, individuals with
greater salivary flow had higher con-
centrations of melatonin in this fluid.
The negative between
salivary melatonin concentrations and
the community periodontal index
may have been related to the more
rapid utilization of melatonin as an
antioxidant; this could have been
examined by measuring metabolites
that are formed when melatonin
detoxifies radicals. Alternatively, the
more severe periodontitis, theoreti-
cally at least, could have been a
result of reduced secretion of melato-
nin into the saliva. Under any cir-
cumstances, a reduction in melatonin
while potentially aggravating peri-
odontitis is not the cause of this
condition.

Related to this is the finding of a
positive association between xerosto-
mia and poorer periodontal status.
Dry mouth would, therefore, mean
little melatonin entering the oral cav-
ity because of reduced salivary flow.
In the elderly, it is common that
saliva flow is reduced by 25-33% (9).
Likewise, Sjogren’s disease, a condi-
tion common in females compared to
its occurrence in males, would also be
expected to have little melatonin in
the oral cavity and poorer oral health.

Additional studies as to whether
oral pathologies influence melatonin
levels in oral cavity fluids reflects on
growing interest in the role of this
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indoleamine in the maintenance of
optimally functioning mucosal and
submucosal tissues in the mouth. Like
Cutando et al. (30), Almughrabi et al.
(31) compared salivary and gingival
crevicular fluid melatonin levels in
four groups of patients, i.e. those with
a healthy periodontium, plaque-
induced gingivitis, chronic periodonti-
tis or aggressive periodontitis. The
measured values were inversely related
to the severity of the oral pathology.
Thus, lower melatonin levels were
found in patients with chronic or
aggressive periodontitis than in sub-
jects who had a healthy periodontium
or simple gingivitis (without plaque
formation) in both the saliva and
crevicular fluid. Given that salivary
(and probably crevicular fluid) levels
of melatonin correlate with serum
levels of the indoleamine, it could be
assumed that patients with advanced
periodontitis  probably also had
depressed serum levels of melatonin.
Conversely, the diminished concentra-
tions may have been a consequence of
the more rapid utilization of melato-
nin as it functioned in the detoxifica-
tion of free radicals whose production
is elevated during inflammation.
Finally, the melatonin measurements
were done on daytime-collected fluid
samples. During the day, these values
are normally near their minimal con-
centrations. Had group differences
been apparent in the elevated noctur-
nal melatonin levels, they perhaps
would have been a more reliable pre-
dictor of the severity of periodontal
disease.

Additional information regarding
the physiology of melatonin in oral
cavity fluid was provided when it was
observed that the normally depressed
daytime salivary melatonin levels in
patients  with  periodontitis  were
restored after non-surgical periodon-
tal therapy, which was not accompa-
nied by a change in serum melatonin
levels (32). This suggests that lower
melatonin concentrations in saliva
may be a result of its greater utiliza-
tion as a free radical scavenger as
inflammation generates elevated levels
of ROS (33).

Severe periodontitis also causes
negative changes in cells far from the

oral cavity, e.g. in the lungs, kidney,
liver, etc., due to the escape of lipo-
polysaccharide (LPS) into the blood
vascular system from its original site
in the mouth (34). By limiting the
severity of periodontitis, melatonin
would also protect other organs from
oxidative damage.

Melatonin receptor-mediated
and receptor-independent
actions in the oral cavity

Membrane receptors for melatonin
exist on most, if not all, cells (2). These
receptors, designated MT1 and MT2,
are members of the family of G pro-
tein-coupled receptors and have the
characteristic seven transmembrane
domains. Activation of these receptors
leads to the modulation of any of sev-
eral intracellular signals, including
adenylate cyclase, guanylyl cyclase,
phospholipase A, and C and changes
in calcium and potassium channels.

Pharmacologically, melatonin
receptors have been tentatively
identified in the parotid gland. Luzin-
dole, a melatonin receptor antagonist,
blocked melatonin-mediated protein
synthesis in the rat parotid gland con-
sistent with the presence of MT1 and
MT2 receptors in this organ (35).
Only the MT1 receptor has been iden-
tified in the mucosal cells of the oral
cavity (12). It is presumed that the
squamous lining cells of the oral cav-
ity may be equipped with all the
receptors typical of other stratified
squamous epithelium.

The lamina propria of the gingiva
and periodontium often contains
immunocompetent  cells.
Melatonin, a well-known promoter of
the immune system (18,36), as well as
its metabolites N'-acetyl-N*-formyl-
5-methoxykynuramine and N'-acetyl-
S5-methoxykynuramine  (37), have
significant anti-inflammatory actions.
Immunocompetent cells also produce
their own melatonin (38), and the
indole is believed to act in an intra-
crine, autocrine or paracrine manner
in these cells. Considering that inflam-
mation is a major determinant of oral
health, orally available melatonin
could have a role in reducing gingival
inflammation.

numerous
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Melatonin, as well as several of its
metabolites that are formed when
melatonin neutralizes toxic free radi-
cals, are highly effective in reducing
oxidative damage to tissues via recep-
tor-independent actions (39). Because
of these combined reactions, which
have come to be known as melato-
nin’s antioxidant cascade, melatonin
is highly efficient at detoxifying a
number of reactive species and
thereby reducing the cellular and
molecular damage meted out by par-
tially reduced oxygen species (40).
This has many implications for tissues
of the oral cavity where oxidative
stress is common.

Evidence supporting the
function and use of melatonin
in the oral cavity

The diversity of functions of melato-
nin has been recognized for at least
two decades and recent research has
further emphasized the ubiquitous
actions of this ancient indoleamine
(41). In view of this, to assume that
melatonin does not have functions in
the tissues of the oral cavity, as in
other organs, would be an error.

Oral herpes infections

Herpes simplex lesions (fever blisters,
cold sores) of the mucosa of the lips
and oral cavity are often painful and
unsightly. Boga and colleagues (42)
recently reviewed the published litera-
ture related to the antagonistic actions
of melatonin on viral infections.
These results support the idea that
melatonin would likely ameliorate the
symptoms of at least some viral infec-
tions. These infections are frequently
exacerbated by a weakened immune
system and the resulting molecular
damage is often because of free radi-
cals (43). Melatonin stimulates both
the innate and adaptive
responses and the indoleamine differ-
entially modulates enzymes with pro-
inflammatory actions while limiting
the production of inflammatory medi-
ators, including cytokines and leuko-
trienes. These actions, coupled with
the free radical scavenging capabilities
of melatonin and its by-products, are

immune
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consistent with its ability to resist
viral infections, although it may not
kill the viruses. While the literature
related to the ability of melatonin to
resist viral infections generally is quite
extensive (42), data on its relation to
herpes infections of the oral cavity are
limited, with only a single incomplete
report being published (30). If, in fact,
melatonin would be proven as an
effective treatment for oral herpes
infections, it would have implications
for genital herpes as well. The results
would also be of interest given that
the usual prescription drugs taken for
herpes infections have untoward
side effects. In addition, a combina-
tion of melatonin with these drugs,
e.g. acyclovir, may also prove of value
given that melatonin has been shown
to decrease the toxicity of many
medications.

Gingivitis and periodontitis

Gingivitis and periodontitis are com-
mon inflammatory conditions that
affect soft tissues of the oral cavity
(Fig. 1). Advanced periodontitis can
eventually destroy the periodontal lig-
ament and erode alveolar bone
thereby leading to tooth loss. Severe
inflammatory responses are associated
with massive free radical generation.
Thus, the actions of melatonin as an
anti-inflammatory and antioxidative
agent could be beneficial, particularly
when placed directly in the mouth, to
abate the severity of inflammation of
the gingiva and periodontium.

As the current review was being
compiled, a number of studies relating
to melatonin use as a treatment for
periodontitis were published. To test
this association, Kara et al. (44)
placed a ligature in a subgingival
position on the mandibular first molar
teeth in rats; this is a commonly used
method to promote plaque accumula-
tion and the associated inflammatory
response (45). After 4 wk, the liga-
tures were removed and the animals
were given intraperitoneal placebo or
melatonin (15 mg/kg) daily for 15 d.
The authors claimed that melatonin
treatment led to reduced serum levels
of the proinflammatory cytokines,
interleukin-1B and tumor necrosis fac-

Tooth
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Fig. 1. Mechanisms of gingivitis, periodon-
titis and alveolar bone loss. Gram-negative
bacteria in calculus, often located in the
gingival cleft (sulcus) release toxic LPS
leading to the production and discharge of
cytokines, e.g. 1L-1 and TNF-a, and the
generation of FR. The resulting oxidative
stress stimulates the activity of MMPs,
which break down intracellular tissues,
including collagen in the periodontal liga-
ment leading to its disintegration. PMN
leukocytes migrate from blood vessels to
the inflammatory site. They, along with
macrophages, PGE, and LPS generate
additional FR that destroy tissue. Stimula-
tion of osteoclastic activity dissolves alveo-
lar bone by processes that also involve
FR. The dissolution of the periodontal lig-
ament and associated bone loss causes
loosening of the tooth and potential tooth
loss. Melatonin works at several sites to
limit inflammation and tissue damage.
Melatonin does this by: (i) limiting recruit-
ment of PMN to the site; (i) reducing the
toxicity of LPS; (iii) inhibiting MMPs;
(iv) suppressing osteoclastic activity; and
(v) stimulating osteoblastic activity. Fur-
ther discussion and associated references
can be found in the text. FR, free radicals;
IL, interleukin; LPS, lipopolysaccharide;
MMP, matrix metalloproteinases; PGE,,
prostaglandin E,; PMN, polymorphonu-
clear; RANK, receptor activator of nuclear
factor kappa B; RANKL, receptor activa-
tor of nuclear factor kappa B ligand;
TNF, tumor necrosis factor.

tor-alpha, and lowered the amount of
8-hydroxy-2'-deoxyguanaine (an oxi-
datively damaged DNA product) in

the gingival muscle tissue. Addition-
ally, melatonin stimulated the produc-
tion of glutathione, an important
intracellular antioxidant, in the same
tissues and preserved the histomorpho-
logical appearance of the gingival
mucosa as evidenced by the reduction
in inflammatory cell recruitment to the
affected oral tissues.

Cutando (46), who are
major advocates of research on the
use of melatonin in suppressing peri-
odontal disease, recently published
two reports that begin to describe
the mechanisms by which the indole-
amine operates in these situations.
They selected patients with diabetes
for the study, as they are predis-
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posed to  periodontitis.  Before
melatonin treatment, patients with
diabetes had significantly elevated

salivary levels of alkaline and acid
phosphatase as well as higher values
of osteopontin (bone sialoprotein)
and osteocalcin compared to these
values in non-diabetic control sub-
jects. Following the topical applica-
tion of melatonin (1% orabase
cream formula) to the gingiva once
daily for 20 d there were significant

reductions in each of these four
parameters. Moreover, the gingival
index and pocket depth were

reduced because of melatonin use.

In their second published report,
Cutando and colleagues (47) again
studied patients diagnosed with diabe-
tes who also had periodontitis and
they estimated several salivary and
serum parameters that affect the
health of oral cavity tissues. After the
initial measurement of  salivary
RANKL and osteoprotegerin (OPQG)
and both salivary and serum melato-
nin levels, the patients applied melato-
nin gel (as in the previous study) (46)
to their gingiva for 20 d. Relative to
those in healthy controls, patients
with diabetes initially displayed ele-
vated levels of RANKL in their saliva
as well as depressed OPG in the sali-
vary samples and diminished melato-
both saliva and
Following melatonin treatment, the
patients with diabetes had statistically
significant reductions in their gingival
index pocket depth and RANKL levels
as well as higher OPG concentrations

nin in serum.



in their saliva and melatonin levels
in both fluids. The augmented OPG
values correlated significantly with the
changes in the gingival index and
pocket depth.

Collectively, several of the indices
evaluated by Cutando er al. (46,47)
are consistent with melatonin promot-
ing the health of alveolar bone by
reducing osteoclastic activity. These
findings are compatible with the
actions of melatonin on osseous tissue
throughout the body where the
indoleamine has been shown to main-
tain and restore bone health. As the
other studies showed that melatonin
also reduces the severity of the inflam-
matory response of periodontitis (48),
the implication is that melatonin may
be of use as an agent to preserve peri-
odontal health, particularly in people
who smoke, use methamphetamines,
in the aged when endogenous melato-
nin levels diminish and in many other
situations.

Oxidative damage and inflammation

The continued destruction of cellular
lipids is believed to be a major event
that occurs during the progression
of the inflammatory response in the
periodontium (Fig. 1) (49). LPS dis-
charged from the bacteria recruits
neutrophils and macrophages to this
tissue; the associated respiratory
burst by these inflammatory cells
produces free radicals in excess of
what endogenous antioxidative sys-
tem can overcome and molecular
damage and cell death ensues. The
molecular destruction comes in the
form of altered lipids, disfigured
DNA and protein  destruction.
Melatonin and its metabolites have
repeatedly been shown to protect
each of the categories of molecules
from oxidative damage (3,39). These
actions of melatonin, coupled with
anti-inflammatory effects (18), are
probably highly capable of resisting
tissue destruction associated with
periodontitis (50).

Mechanistically, melatonin has well
characterized anti-inflammatory
actions, but its ability specifically to
influence experimental periodontitis
was only recently examined. In the

initial study in this field (51),
RAW264.7 cells were challenged with
Prevotella  intermedia-derived ~ LPS.
P. intermedia is a major contributor
to inflammation of the periodontium.
Melatonin interfered with actions of
LPS by limiting NF-xB signaling;
thus, it reduced the translocation of
NF-kB p50 subunit into the nucleus
and its binding to DNA thereby sup-
pressing STATI signaling. These find-
ings are consistent with the known
actions of melatonin on inflammatory
responses (18,52). As P. intermedia
are abundant in the oral cavity, the
observed actions of melatonin in this
study could aid in alleviating gingivi-
tis/periodontitis.

Prosthodontic benefits

Breakdown of the periodontal liga-
ment and alveolar bone resorption,
which can lead to tooth loss, is
believed to involve activation of
matrix  metalloproteinases,  which
destroy the supporting tissues of the
tooth (53). Given that melatonin
prevents activation of metalloprotein-
ase-9 (54), which contributes to
periodontal membrane disintegration
and erosion of the supporting bone,
the indole would also be expected to
reduce tooth loss in cases of severe
periodontitis (Fig. 1).

There is a significant amount of
experimental data showing that mela-
tonin promotes the differentiation of
mesenchymal stem cells into osteo-
blasts and enhances bone formation
(55). Additionally, melatonin boosts
type I collagen synthesis by human
osteoblasts and elevates the expression
of bone sialoprotein as well as other
bone protein markers. Finally, mela-
tonin under the conditions of one
study, reduced the normal period of
osteoblast differentiation from 21 to
12 d (56). In general, the evidence is
compelling that melatonin has a posi-
tive impact in bone health.

In addition to its promotional effect
on osteoblast-mediated bone forma-
tion, another possible target of mela-
tonin to influence bone mass is the
osteoclast. These cells incite bone
resorption via a process involving free
radicals and, as melatonin neutralizes
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these toxic brigands, the indole inter-
feres with the capacity of osteoclasts
to break down bone (57). Which of
the actions of melatonin, i.e. promo-
tion of bone formation or reduction
of bone resorption, is most important
in terms of the indole maintaining
bone health is debated. However,
both processes would be beneficial.
Concurrent with the studies related
to bone formation and dissolution,
the influence of melatonin on the
thoroughness of osteointegration after
placement of dental implants was
examined. After tooth extraction from
the mandible of beagle dogs, 1.2 mg
lyophilized melatonin powder was
added directly into the bone cavity
before implant placement (58). When
the implant sites were examined 2 wk
later, the amount of bone in contact
with the metal implants was
significantly greater in the melatonin-
treated sockets than in the controls.
This was assessed by measuring the
amount of bone in direct contact
with the implant, the improved
density of the bone and amount of
new bone formed. The beneficial
effects of locally applied melatonin in
terms of bone-to-implant contact and
peri-implant bone were still apparent
5 and 8 wk after implant placement
(59). When melatonin and growth
hormone, both applied directly into
the evacuated sockets after tooth
extraction, were used, synergistic
effects were seen in terms of osseointe-
gration of the dental implants (60).
Additional studies using melatonin
combined with collagenized porcine
bone to accelerate the osteointegration
of the rough discrete calcium deposit,
surface implants in dogs also had a
positive outcome (61). Again, melato-
nin promoted all aspects of bone
growth and stabilized the implants.
Tooth extraction is commonly asso-
ciated with extensive polymorphonu-
clear leukocyte infiltration to the site
with massive ROS/reactive nitrogen
species generation leading to elevated
oxidative stress, including DNA dam-
age. Cutando et al. (62) showed that
topically applied melatonin into the
evacuated sockets following tooth
removal of the maxillary and mandibu-
lar premolars and molars from beagle
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dogs significantly reduced all parame-
ters of oxidative stress in the associated
tissues. By limiting the tissue damage,
melatonin would curb the negative
consequences of tooth removal and
encourage more rapid healing of the
wound.

Methacrylate toxicity

Monomers of methacrylates are in
common use in restorative and aes-
thetic dentistry. They have proven
highly useful as their polymers have
excellent mechanical properties and
they have a high affinity for enamel
and dentin. In the event of incomplete
polymerization of the monomers,
however, some free monomers may be
released into the oral cavity after
which they could exhibit toxicity
either locally or at distant sites. The
methacrylates may also be degraded
by salivary enzymes and/or due to
shearing forces associated with chew-
ing. In particular, if the restoration is
near the dentinoenamel junction or
invades the dentin, monomers could
also enter dentinal tubules and be
transported to the dental pulp where
they would have access to the sys-
temic circulation.

Whether methacrylate monomers
possess cytotoxicity or genotoxicity
has been extensively debated with
opinions differing as to the level of
toxicity. The exposure of human
gingival fibroblasts to methacrylate
monomers reportedly induces DNA
double-strand breaks (63); such breaks
are of particular concern when they
do not undergo repair. The basis of
the DNA damage by methacrylate
monomers is likely the oxygen and/or
nitrogen-based reactants that are gen-
erated. Schweikl ef al. (64) claimed
that the production of ROS in human
fibroblasts occurs when these cells are
incubated in a solution of triethylene
glycol dimethacrylate.

Against this background, Blasiak
et al. (65) tested whether the antioxi-
dant melatonin would afford protec-
tion against DNA damage and repair
mechanisms in human gingival fibro-
blasts after their exposure to a dental
adhesive containing 45% 2-hydroxy-
ethyl methacrylate and 55% bisphenol

A-diglycidyl dimethacrylate. The neu-
tral comet assay was used to evaluate
DNA double-strand breaks. Melato-
nin  reduced DNA double-strand
breaks and fibroblast apoptosis result-
ing from methacrylate exposure. Like-
wise, the slowed DNA repair was
improved in the presence of melato-
nin. These findings imply that oxida-
tive processes may account for the
DNA damage caused by methacrylate
exposure. One implication of the
results is that methacrylates leached
from dental fillings may cause DNA
damage in vivo and the regular use of
sublingual melatonin, in particular,
may reduce these lesions and any con-
sequences thereof (66).

Chlorhexidine toxicity

Chlorhexidine (CHX) is a disinfectant
commonly used to limit subgingival
plaque formation (67). This dicationic
biguanide has both bacteriostatic and
bactericidal properties (68). CHX is
not only destructive to bacteria, how-
ever, it is also damaging to other oral
cavity cells such that its useful con-
centration is limited by its toxicity
(69). CHX has also been proposed as
a potentially effective agent to support
periodontal bone regeneration (70).
As with many drugs, the destructive
actions of CHX on normal tissues,
including osteoblasts, is related to
excessive free radical generation (71).
Given that melatonin, due to its free
radical scavenging activities and
antioxidative actions (3,16,17,39), has
been repeatedly shown to reduce the
destructive side effects of many
agents, it is predicted that melatonin
would also limit the toxicity of CHX
thereby making it a more effective
agent for wuse in preserving oral
health.

Oral cancer

Melatonin displays a wide variety of
mechanisms by which it inhibits cancer
in many organs. However, studies on
the effects of melatonin on oral cancer
are still rare (72). Relative to precan-
cerous oral diseases, leukoplakia (73)
and lichen planus (74) should be exam-
ined in reference to melatonin as ROS

are involved in their pathogenesis.
Recently, the above-mentioned mela-
tonin-containing pharmaceutical gel
(patent number, P201191400001816),
when applied in the oral cavity, was
found to virtually eliminate the muco-
sitis and mucosal lesions resulting
from radiotherapy (G. Escames,
unpublished). At the cellular level, the
protective actions of melatonin were
particularly obvious in terms of reduc-
ing mitochondrial damage in the
mucosal cells.

A common treatment for cancer of
the head and neck is ionizing radia-
tion, which often leads to mucosal
lesions of the oral cavity. The benefi-
cial actions of melatonin in limiting
molecular damage to mitochondria
resulting from ionizing radiation dur-
ing oral mucositis are not unexpected.
Melatonin is a known protector
against ionizing radiation. The
ulcerated and inflammatory lesions
characteristic of mucositis (75) are a
result of massive oxidative damage
and the release of toxic cytokines. As
mentioned above, melatonin has both
potent antioxidant (16,39,69) and
anti-inflammatory activity (18). In
light of these data, it would seem
important to test melatonin more
extensively, alone or in combination
with other agents, as a protector
against radiotherapy- and chemother-
apy-mediated mucositis.

Dental caries

Finally, considering the reported
antibacterial properties of melatonin
(76,77), its ability to reduce dental
caries, which are often related to
Streptococcus mutans (78,79) as well
as other bacteria should be examined.
Individuals who use sublingual mela-
tonin on a regular basis may have
reduced tooth decay. Here again, mel-
atonin-enriched toothpastes, mouth
washes and dental gels may prove of
value.

Conclusions and perspectives

The data summarized in this report
highlight the publications related to
the potential utility of melatonin to
treat oral disorders and pathologies.



Of particular note are the likely bene-
fits of melatonin as a treatment to
reduce inflammatory responses in the
gingiva and periodontium and as an
aid in preserving and promoting alve-
olar bone growth. In addition, other
potential applications for melatonin
are summarized.

While research related to the range
of functions of melatonin in the oral
cavity is in its early stages, it already
seems obvious that melatonin acts on
these tissues as it does on others. Cer-
tainly, given the antioxidant and
anti-inflammatory  capabilities  of
melatonin and its by-products, these
molecules may reduce pathogenetic
processes associated with a variety of
oral afflictions including, for example,
candidiasis, leukoplakia,
aphthous ulceration and lichen pla-
nus. Each of these conditions has a
free radical component. This is in
addition to the more obvious benefit
melatonin would be expected to have
in quelling inflammation and tissue
damage in the periodontium and
reducing the likelihood of certain
types of oral cancer.

There are other situations in which
melatonin may protect tissues of the
oral cavity from harm. For example,
methamphetamine use is devastat-
ingly damaging to the soft and hard
tissues of the oral cavity (so-called
meth mouth). These lesions involve,
among other processes, free radical
damage and in other tissues melato-
nin has been shown to reduce
methamphetamine-mediated molecu-
lar destruction. Perhaps the common
use of oral melatonin products by
individuals who abuse this toxic drug
would help preserve the integrity of
the oral tissues. This may also be the
case for individuals who smoke, chew
tobacco products, use “betel nut” or
dip snuff. These bad habits normally
seriously compromise good oral
health. Finally, individuals who have
chronic systemic diseases, e.g. diabetes,
which influence the integrity of tissues
in the oral cavity may also benefit from
the regular oral use of melatonin.

It may prove interesting to examine
the association of the circadian mela-
tonin rhythm to the incremental
growth lines in the enamel (lines of

recurrent

Retzius). These increments reportedly
mark periods of growth and no
growth over a 24 h interval.

Melatonin deposited directly into
the oral cavity would have the highest
expectation of improving the health of
associated tissues. In this regard, sub-
lingual melatonin tablets and oral mel-
atonin sprays are currently available
and should be examined relative to
their ability to reduce oral pathologies
described in this review. Additionally,
the already patented melatonin-
containing toothpastes, mouthwashes
and pharmaceutical gel should be
investigated more thoroughly as to
their potential aid in improving oral
health.

Conflict of interest

None of the authors received research
funds for the studies reviewed in this
article. GE holds the patent on the
melatonin-containing pharmaceutical
gel. There are no other conflicts of
interest.

Author contributions

All co-authors were actively engaged
in the discussions of data and the
writing of the review. The initial draft
was written by RJR but all co-authors
made substantial suggestions for revi-
sion of the report. All co-authors
have read and approve the final sub-
mitted version of the paper.

References

1. Sanchez-Hidalgo M, de la Lastra CA,
Carrascosa-Salmoral MP Age-
related changes in melatonin synthesis in
rat extrapineal
2009;44:328-334.

2. Slominski RM, Reiter RJ, Schlabritz-
Lautsevich N, Ostrom RS, Slominski A.
Melatonin membrane receptors in periph-
eral tissues: distribution and functions.
Mol Cell Endocrinol 2012;351:152-166.

3. Galano A, Tan DX, Reiter RJ. Melato-
nin as a natural ally against oxidative
stress: a physiochemical examination.
J Pineal Res 2011;51:1-16.

4. Pablos MI, Reiter RJ, Ortiz GG et al.
Rhythms of glutathione peroxidase and
glutathione reductase in the brain of
chicks and their inhibition by light. Neu-
rochem Int 1998;32:69-75.

et al.

tissues. Exp Gerontol

12.

14.

15.

Melatonin in oral cavity 15

. Reiter RJ, Tan DX, Osuna C, Gitto E.

Actions of melatonin in the reduction of
oxidative stress. J Biomed Sci 2001;
7:444-458.

. Venegas C, Garcia JA, Escames G et al.

Extrapineal melatonin: analysis of its
subcellular distribution and daily fluctua-
tions. J Pineal Res 2012;52:217-227.

. Vaughan GM, Pelham RW, Pang SF

et al. Nocturnal elevation of plasma mel-
atonin and urinary 5-hydroxyindoleacetic
acid in young men: attempts at modifica-
tion by brief changes in environmental
lighting and sleep and by autonomic
drugs. J Clin Endocrinol Metab 1976;
42:752-764.

. Stehle JH, Saade A, Rawashdeh O et al.

A survey of molecular details in the
human pineal gland in the light of phy-
logeny, structure, function and chronobi-
ological diseases. J Pineal Res 2011,
51:17-43.

. Saakso ML, Parkka-Heiskanen T, Alila

A, Stenberg D, Johannsson G. Correla-
tion between salivary and serum melato-
nin: dependence on serum melatonin
levels. J Pineal Res 1990:9:39-50.
Praninskiene R, Dumalakiene 1,
Kemezys R, Mauricas M, Jucaite A.
Diurnal melatonin patterns in children:
ready to apply in clinical practice?
Pediatr Neurol 2012;48:70-76.

. Jones H, Eijsvogels TM, Nyakayiru J

et al. Within-subject correlations between
evening-related changes in body tempera-
ture and melatonin in the spinal cord
injured. Chronobiol Int 2014;31:157-166.
Shimozuma M, Tokuyama R, Tatehara
S et al. Expression and cellular localiza-
tion of melatonin-synthesizing enzymes
in rat and human salivary glands. Histo-
chem Cell Biol 2011;135:389-396.

Reiter RJ, Tan DX, Burkhardt S. Reac-
tive oxygen and reactive nitrogen species
and cellular and organismal decline: ame-
lioration with melatonin. Mech Aging
Dev 2002;123:107-119.

Cardinali DP, Srinivasan V, Brzezinski
A, Brown GM. Melatonin and its ana-
logs in insomnia and depression. J Pineal
Res 2002;52:365-375.

Reiter RJ, Paredes SD, Manchester LC,
Tan DX. Reducing oxidative/nitrosative
stress: a newly-discovered genre for
melatonin. Crit Rev Biochem Mol Biol
2009:44:175-200.

Tan DX, Chen LD, Poeggeler B, Man-
chester LD, Reiter RJ. Melatonin: a
potent, endogenous hydroxyl radial
scavenger. Endocr J 1993;1:57-60.

Wu CC, Lu KC, Lin GJ et al. Melatonin
enhances endogenous heme oxygenase-1
and represses immune responses to ame-
liorate experimental murine membranous
nephropathy. J Pineal Res 2012;52:
460—469.



16  Reiter et al.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Mauriz JL, Collado PS, Veneroso C,
Reiter RJ, Gonzalez-Gallego J. A review
of the molecular aspects of melatonin’s
anti-inflammatory actions: recent insights
and new perspectives. J Pineal Res
2013;54:1-14.

. Burkhardt S, Tan DX, Manchester LC,

Hardeland R, Reiter RJ. Detection and
quantification of the antioxidant melato-
nin in Montmorency and Balaton tart
cherries (Prunus cerasus). J Agri Food
Chem 2001;49:4898-4902.

Park S, Lee DE, Jang H, Byeon Y, Kim
YS, Back K. Melatonin-rich transgenic
rice plants exhibit resistance to herbicide-
induced oxidative stress. J Pineal Res
2013;54:258-263.

Okazaki M, Higuchi K, Hanawa Y, Shir-
aiwa Y, Ezura H. Cloning and character-
ization of a Chlamydomonas reinhardtii
cDNA arylalkylamine N-acetyltransferase
and its use in the genetic engineering of
melatonin content in the micro-Tom
tomato. J Pineal Res 2009;46:373-382.
Reiter RJ, Manchester LC, Tan DX. Mel-
atonin in walnuts: influence on levels of
melatonin and total antioxidant capacity
of blood. Nutrition 2005;21:920-924.
Dubbels R, Reiter RJ, Klenke E er al.
Melatonin in edible plants identified by
radioimmunoassay and by high perfor-
mance liquid chromatography-mass spec-
trometry. J Pineal Res 1995;18:28-31.
Ramakrishna A, Giridhas P, Sankar
KU, Ravishankar GA. Melatonin and
serotonin profiles in beans of Coffea spe-
cies. J Pineal Res 2012;52:470-476.
Weinreb O, Mandel S, Youdim MB.
Gene and protein expression profiles of
anti- and pro-apoptotic actions of dopa-
mine, R-apomorphine, green tea poly-
phenol (-)-epigallocatechine-3-gallate and
melatonin. Ann N Y Acad Sci 2003;
993:351-361.

Maldonado MD, Moreno H, Calvo JR.
Melatonin present in beer contributes to
increase the levels of melatonin and anti-
oxidant capacity of the human serum.
Clin Nutr 2009;28:188-191.

Mercolini L, Mandrioli R, Raggi MA.
Content of melatonin and other antioxi-
dants in grape-related food stuffs:
measurement using a MEPS-HPLC-F
method. J Pineal Res 2012;53:21-28.
Byeon Y, Park S, Kim YS, Back K.
Microarray analysis of genes differen-
tially expressed in melatonin-rich trans-
genic rice expressing a sheep serotonin
N-acetyltransferase. J Pineal Res 2012;
55:357-363.

Srinath R, Acharya AB, Thakur SL. Sal-
ivary and gingival crevicular fluid mela-
tonin in periodontal health and disease.
J Periodontol 2010;81:277-283.

Cutando A, Galindo P, Gomez-Moreno
G et al. Relationship between salivary

31.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

melatonin and severity of periodontal
disease. J Periodontol 2006;77:1533-1538.
Almughrabi OM, Marzouk KM, Hasan-
ato RM, Shafik SS. Melatonin levels in
periodontal health and disease. J Peri-
odont Res 2013;48:315-321.

Bertl K, Schoiber A, Haririan H et al.
Non-surgical periodontal therapy influ-
ences salivary melatonin levels. Clin Oral
Investig 2013;17:1219-1225.

Murakami Y, Machino M, Fujisawa S.
Porphyromonas gingivalis fimbria-
induced expression of inflammatory
cytokines and cyclooxyenase-2 in mouse
macrophages and its inhibition by the
bioactive compounds fibronectin and
melatonin. ISRN Dent 2012:350859.
Gulle K, Akpolat M, Kurcer Z, Cengiz
MI, Baba F, Acikgoz S. Multi-organ
injuries caused by lipopolysaccharide-
induced periodontal inflammation in rats:
role of melatonin. J Periodont Res 2014;
doi: 10.1111/jre.12156.

Cevik-Aras H, Godoy T, Ekstrom J.
Melatonin-induced protein synthesis in
rat parotid gland. J Physiol Pharmacol
2011;62:95-99.

Belyaev O, Herzog T, Munding J et al.
Protective role of endogenous melatonin
in the early course of human acute pan-
creatitis. J Pineal Res 2011;50:71-77.
Mayo JC, Sainz RM, Tan DX et al.
Anti-inflammatory actions of melatonin
and its metabolite, N1-acetyl-N2-formyl-
S-methoxykynuramine (AFMK) and
Nl-acetyl-5-methoxykynuramne. J Neu-
roimmunol 2005;165:139-149.
Gomez-Corvera A, Cerrillo I, Molinero
P et al. Evidence of immune system mel-
atonin production by two pineal melato-
nin deficient mice, C57BL/6 and Swiss
strains. J Pineal Res 2009;47:15-22.
Galano A, Tan DX, Reiter RJ. On the
free radical scavenging activities of
melatonin’s metabolites, AFMK and
AMK. J Pineal Res 2013;54:245-257.
Tan DX, Manchester LC, Reiter RJ, Qi
W, Karbownik M, Calvo JR. Signifi-
cance of melatonin in antioxidative
defense system: reactions and products.
Biol Signals Recept 2000;9:137-159.
Reiter RJ, Tan DX, Fuentes-Broto L.
Melatonin: a multitasking molecule. Prog
Brain Res 2010;181:127-151.

Boga JA, Coto-Montes A, Rosales-Cor-
ral SA, Tan DX, Reiter RJ. Beneficial
actions of melatonin in the management
of viral infections: a new use for this
“molecular handyman™? Rev Med Virol
2012;22:323-338.

Schwartz KB. Oxidative stress during
viral infection: a review. Free Radic Biol
Med 1996;21:641-649.

Kara A, Akman S, Ozkanlar S er al.
Immune modulatory and antioxidant
effects of melatonin in experimental peri-

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

odontitis in rats. Free Radic Biol Med
2013;55:21-26.

Tomofuji T, Ekuni D, Sanbe T et al.
Effects of vitamin C intake on gingival
oxidative stress in rat periodontitis. Free
Radic Biol Med 2009;46:163—168.
Cutando A, Lopez-Valverde A. Gomez-
de Diego R, Aria-Santiago S, de Vin-
cent-Jimenez J. Effect of gingival applica-
tion of melatonin on alkaline and acid
phosphatase, osteopontin and osteocalcin
in patients with diabetes and periodontal
disease. Med Oral Patol Oral Cir Bucal
2013;18:¢657-e663.

Cutando A, Lopez-Valverde A, Gomez-
de Diego R et al. Effects of topical appli-
cation of melatonin to the gingiva or
salivary osteoprotegerin, RANKL, and
melatonin levels in patients with diabetes
and periodontal disease. Odontology. doi:
10.1007/s10266-013-0122-5. (in press).
Kotlarczyk MP, Lassila HC, O’Neil CK
et al. Melatonin osteoporosis prevention
study (MOPS): a randomized, double-
blind, placebo-controlled study examining
the effects of melatonin on bone health
and quality of life in perimenopausal
women. J Pineal Res 2012;52:414-426.
Tsai CC, Chen HS, Chen SL, Ho YP,
Wu YM, Hung CC. Lipid peroxidation:
a possible role in the induction and pro-
gression of chronic periodontitis. J Peri-
odont Res 2005;40:378-384.
Czesnikiewicz-Guzik M, Konturek SJ,
Loster B, Wisniewska G, Majewski S.
Melatonin and its role in oxidative stress
related diseases of oral cavity. J Physiol
Pharmacol 2007;58:5-19.

Choi EY, Jin JY, Lee JY, Choi JL, Choi
IS, Kim SJ. Melatonin inhibits Prevotella
lipopolysaccharide-induced
production of nitric oxide and interleu-
kin-6 in murine macrophages by sup-
pressing NF-kB and STATI activity.
J Pineal Res 2011;50:197-206.

Natarajan M, Sadeghi K, Reiter RJ,
Meltz ML. The neurohormone melatonin
inhibits cytokine, mitogen and ionizing
radiation induced NF-«B. Biochem Mol
Biol Int 1995;37:1063-1069.

Hernandez M, Dutzan N, Garcia-Sesnich
J et al. Host-pathogen interactions in
progressive chronic periodontitis. J Dent
Res 2011;90:1164-1170.

Rudra DS, Pal U, Vaiti NC, Reiter RJ,
Swarnakar S. Melatonin inhibits matrix

intermedia

metalloproteinase-9 activity by binding
to its active site. J Pineal Res 2013;
54:398-405.

Park KH, Kang JW, Lee EM et al. Mela-
tonin promotes osteoblastic differentiation
through the BMP/ERK/Wnt signaling
pathways. J Pineal Res 2011;51:187-194.
Nakade O, Koyama H, Ariji H, Yakima
A, Kaku T. Melatonin stimulates prolif-
eration and type I collagen synthesis in



57.

58.

59.

60.

61.

62.

63.

human bone cells in vitro. J Pineal Res
1999;27:106-110.

Cardinali DP, Ladizesky MG, Boggio V,
Citrera RA, Mautalen C. Melatonin
effects on bone: experimental facts and
clinical ~perspectives. J  Pineal  Res
2003;34:81-87.

Cutando A, Gomez-Moreno G, Arana C
et al. Melatonin stimulates osteointegra-
tion of dental implants. J Pineal Res
2008:45:174-179.

Guardia J, Gomez-Moreno G, Ferrera
MJ, Cutando A. Evaluation of effects of
topic melatonin on implant surface at 5
and 8 weeks in Beagle dogs. Clin Implant
Dent Relat Res 2001;13:262-268.

Munoz F, Lopez-Pena M, Mino N,
Gomez-Moreno G, Guardia J, Cutando
A. Topical application of melatonin and
growth hormone accelerates bone healing
around dental implants in dogs. Clin
Implant Dent Relat Res 2012;14:226-235.
Calvo-Guirado JL, Gomez-Moreno G,
Lopez-Mari L et al. Actions of melato-
nin mixed with collagenized porcine bone
versus porcine bone only on osteointe-
gration of dental implants. J Pineal Res
2010;48:194-203.

Cutando A, Arana C, Gomez-Moreno G
et al. Local application of melatonin into
alveolar sockets of Beagle dogs reduces
tooth removal-induced oxidative stress.
J Periodontol 2007;78:576-583.

Urcan E, Scherthan H, Styllou M, Haer-
tel U, Hickel R, Reichl FX. Induction of
DNA double-strand breaks in primary
gingival fibroblasts by exposure to dental
resin composites. Biomaterials 2010;31:
2010-2014.

64.

65.

66.

67.

68.

69.

70.

71.

Schweikl H, Hiller KA, Eckhard A et al.
Differential gene expression involved in
oxidative stress response caused by tri-
ethylene glycol methacrylate. Biomateri-
als 2008;29:1377-1387.

Blasiak J, Kasznicki J, Drzewoski J,
Pawlowska E, Szczepanska J, Reiter RJ.
Perspectives on the use of melatonin to
reduce cytotoxic and genotoxic effects of
methacrylate-based ~ dental — materials.
J Pineal Res 2011;51:157-162.

Blasiak J, Synowiec E, Tamawska J,
Cyarny P, Poplawski T, Reiter RJ. Dental
methacrylates may exert genotoxic effects
via oxidative induction of DNA double
strand breaks and the inhibition of repair.
Mol Biol Rep 2012;39:7487-7496.

Sanz M, Serrano J, Iniesta M. Santa
Cruz I, Herrera D. Antiplaque and anti-
gingivitis toothpastes. Monogr Oral Sci
2013;23:27-44.

Besinis A, De Peralta T, Handy RD.
Inhibition of biofilm formation and anti-
bacterial properties of a silver nano-coat-
ing on human dentine. Nanotoxicology
2014;8:745-754.

Chang Y, Huang F, Tai K, Chou M.
The effect of sodium hypochlorite and
chlorhexidine on cultured human peri-
odontal ligament cells. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod
2001;92:446-450.

Trevino EG, Patwardhan AN, Henry MA
et al. Effect of irrigants on the survival of
human stem cells of the apical papilla in a
platelet-rich plasma scaffold in human
root tips. J Endod 2011;37:1009-1015.
Voros P, Dobrindt O, Perka C, Uri-
ndisch C, Matziolis G, Rohner E.

72.

73.

74.

75.

76.

71.

78.

79.

Melatonin in oral cavity 17

Human  osteoblasts damage  after
antiseptic treatment. [nt Orthop 2014;
38:177-182.

Gomez-Moreno G, Guardia J, Ferrera
MJ, Cutando A, Reiter RJ. Melatonin in
diseases of the oral cavity. Oral Dis
2010;16:242-247.

Williams WN Jr. Oral premalignant
lesions: any progress with systemic thera-
pies. Curr Opin Oncol 2010;24:205-210.
Chaiyarit P, Ma N, Hiriku Y et al
Nitrative and oxidative damage in oral
lichen planus in relation to human oral
carcinogenesis.  Cancer  Sci 2005;96:
553-559.

Niscola P, Tendas A, Cupelli G et al.
The prevention of oral mucositis in
patients with blood cancers: current
concepts and emerging landscapes. Car-
diovasc  Hematol Agents Med Chem
2012;10:362-375.

Tekbas OF, Ogur R, Korkmaz A, Kilic
A, Reiter RJ. Melatonin as an antibiotic:
new insights into the actions of this
ubiquitous molecule. J Pineal Res 2008;
44:222-226.

Srinivasan V, Mohamed M, Kato H.
Melatonin in bacterial and viral infec-
tions with focus on sepsis: a review.
Recent Pat Endocr Metab Immune Drug
Discov 2012;6:30-39.

Merritt J, Qi F. The mutacins in Strepto-
coccus mutans: regulator and ecology.
Mol Oral Microbiol 2012;27:57-69.
Tanzer JM, Thompson A, Sharma K,
Vickerman MM, Haase EM, Scannapi-
eco FA. Streptococcus
competes Streptococcus gordonii in Vivo.
J Dent Res 2012;91:513-519.

mutans out-



