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Abstract

Objectives Melatonin is a hormone, which is involved in the
control of the circadian rhythm, but also acts as an antioxidant
and immune modulator. Previous studies reported decreased
salivary and serum melatonin levels in periodontitis. This
prospective cohort trial assessed the effect of non-surgical
periodontal therapy on melatonin levels.

Methods Salivary and serum samples of 60 participants (30
patients suffering from a severe generalized form of periodontitis,
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30 healthy controls) were collected at baseline and 19 samples of
periodontitis patients after treatment. Salivary and serum mela-
tonin levels were determined by a commercially available
ELISA kit and serum C-reactive protein (CRP) by a routine
laboratory test.

Results Atbaseline, periodontitis patients showed significant-
ly increased serum CRP values and significantly decreased
salivary melatonin levels compared to the control group.
Clinical periodontal parameters significantly correlated with
salivary melatonin levels and serum CRP. Periodontal therapy
resulted in a recovery of the decreased salivary melatonin
levels and a negative correlation was detected for the changes
of salivary melatonin and the inflammatory parameter bleed-
ing on probing. Serum melatonin levels showed no significant
differences.

Conclusions Salivary melatonin levels recovered after peri-
odontal therapy and correlated with a decrease of local
periodontal inflammation. This may imply the local involve-
ment of melatonin in the pathogenesis of periodontitis due
to its antioxidant abilities. However, the exact role of mel-
atonin in periodontal disease remains to be investigated in
future trials.

Clinical relevance The present results suggest salivary mel-
atonin as a risk indicator for the severity of periodontal
disease.

Keywords Melatonin - Non-surgical periodontal therapy -
Periodontitis - Saliva - Antioxidant

Introduction

Periodontitis is a chronic infectious inflammatory disease of
the tissue surrounding and supporting the teeth. Overgrowth
of several gram-negative bacteria in the dental plaque ini-
tiates the disease process by causing an excessive host
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immune response. Activation of the innate and adaptive
immunity counteracts the bacterial attack, but at the
same time causes destruction of the periodontal tissue
by secreting high amounts of inflammatory cytokines, pro-
osteoclastogenic factors, and matrix metalloproteinases [1, 2].
Furthermore, periodontal disease is associated with an imbal-
ance in the oxidant/antioxidant systems [3, 4]. Periodontal
therapy reduces inflammation of the periodontium and balan-
ces the oxidant/antioxidant status [5].

Melatonin, an indoleamine, is mainly produced by the
pineal gland and secreted in a circadian rhythm [6]. It affects
many physiologic processes, such as the control of circadian
rhythm, the activation of the immune system, or the regulation
of the body temperature [7]. The circadian secretion pattern of
melatonin goes parallel in serum and saliva, but salivary
melatonin levels do not constantly reflect absolute melatonin
concentrations of the serum. In the bloodstream, melatonin
can be bound to albumin or be present in a free fraction. Only
the free melatonin fraction is able to diffuse passively into
saliva [8]. As a second source, local release of melatonin from
the submandibular glands has to be considered [9, 10].

In the oral cavity, particularly the antioxidant function of
melatonin suggests its involvement in pathogenic processes
of periodontal disease. Melatonin is a direct free radical
scavenger and stimulates antioxidative enzymes and
increases their efficiency [11]. Additionally, the metal bind-
ing capacity of melatonin inhibits microbial growth in vitro,
especially of gram-negative microorganisms, which are
mainly related to periodontal disease [12]. In murine macro-
phages, melatonin suppresses the production of nitric oxide
and interleukin-6 induced by lipopolysaccharides of Prevo-
tella intermedia [13]. So far, in periodontitis patients, mel-
atonin levels in saliva, serum, and gingival crevicular fluid
are reported to be decreased compared to healthy controls
[14—16]. On the one hand, melatonin levels might be con-
stantly lower and represent a risk indicator for the develop-
ment of periodontal disease. On the other hand, melatonin
levels might be depleted in response to an increased oxida-
tive stress and the bacterial attack, which are both present in
periodontitis. However, so far there is no proof of a func-
tional role of melatonin in the oral cavity. This study aimed
to assess the effect of periodontal therapy on salivary and
serum melatonin levels.

Materials and methods

Patient recruitment

The present prospective cohort trial was performed at the
Division of Conservative Dentistry and Periodontology

(Bernhard Gottlieb School of Dentistry, Medical University
of Vienna, Austria). The study protocol was approved by the
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ethics committee of the Medical University of Vienna (EK
623/2007). Written informed consent was obtained from all
participants. This study included 60 participants: 30 patients
suffering from a severe generalized form of periodontitis (28
patients with chronic and 2 with aggressive periodontitis
according to the criteria of the AAP classification 1999
[17]; 21 to 49 years; 12 females and 18 males) and 30
periodontally healthy controls (23 to 51 years; 18 females
and 12 males).

Clinical history was recorded for all participants (person-
al data and medical history). Exclusion criteria were defined
as follows: periodontal treatment or antibiotic therapy with-
in the last 3 months, presence of any systemic disease (e.g.,
diabetes mellitus, asthma, and malignancies), working in
night shifts, xerostomia or any other disease of the salivary
glands, less than 20 teeth, intake of any drug known to alter
melatonin levels (e.g., for sleeping disorders) or to be im-
munosuppressive, usage of partial or total prosthesis, preg-
nancy or lactation, acute infection, immunodeficiency,
history of radio- or chemotherapy, and any conditions ne-
cessitating antibiotic premedication for dental appointment.

Orthopantomograms were taken from each participant
and additionally full-mouth periapical radiographs (parallel
technique) were recorded for the periodontitis patients to
determine radiographic loss of alveolar bone. Periodontitis
patients presented a severe (loss of supporting bone >1/3 of
the root length), generalized (> 30 % affected sites) peri-
odontal disease [17]. The control group enclosed individuals
without any history of periodontal disease and attachment
loss as well as with probing pocket depths (PD)<3 mm and
a papilla bleeding index (PBI) simplified <20 % to exclude
the presence of gingivitis [18].

Clinical periodontal examination

PD, clinical attachment level (CAL), and bleeding on prob-
ing (BoP) were measured on six sites per tooth (distal,
median, and mesial points at buccal and palatinal aspects)
using a periodontal probe (CP12, Hu-Friedy, Leimen, Ger-
many). BoP is expressed in percent (sites positive for bleed-
ing multiplied by 100 divided by the amount of measured
sites). Approximal plaque index (API) and PBI simplified
were recorded. After periodontal therapy the periodontal
status was recorded a second time [18, 19].

Non-surgical periodontal therapy

Non-surgical periodontal therapy included extraction of
hopeless teeth, restorative therapy, replacement of margin-
ally insufficient fillings and instruction of patients in oral
hygiene. Scaling and root planing was performed under
local anesthesia quadrant-wise within 2 weeks. Nine
patients received additional antibiotic treatment after
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finishing subgingival debridement due to clinical appear-
ance and severity of periodontal disease. No post-treatment
complications were recorded in any patient. Eleven patients
dropped out, because they did not follow the time schedule
of the study design and/or due to poor compliance on oral
hygiene instructions. Nineteen patients were followed up
including reevaluation of the periodontal status and a second
saliva sampling 2 to 3 months after the initial therapy. A
precondition for recording the second periodontal status was
an improved oral hygiene and bleeding score (API and PBI
<25 %). This procedure is in accordance with the “Viennese
Treatment Strategy” [20, 21].

Saliva and serum collection and analysis

The sample collection was carried out between 8:00 and
11:00 a.m. at constant light conditions similar to previous
studies [14-16, 22]. Participants were asked to refrain from
eating, drinking (except water), smoking, chewing gum,
brushing teeth, and using mouth rinsing solutions beginning
at midnight before sampling occurred, to exclude any possible
interferences. A second sampling after periodontal therapy
was collected within the same hour of the day as the first
sampling to minimize deviations due to circadian rhythm of
melatonin. Similar to previous studies [14, 15, 22] stimulated
salivary samples were collected. A saliva collection system®
(Greiner Bio One, Kremsmuenster, Austria), which provides a
reliable and accurate quantification of the recovered saliva
volume compared to conventional methods [23-25], was used
according to the manufacturer's instructions. Original saliva
proportion was assayed photometrically by a Saliva Quantifi-
cation Kit® (Greiner Bio One, Kremsmuenster, Austria) at
450 nm according to the manufacturer's instructions. Venous
blood was drawn from the antecubital vein into serum gel
tubes (Greiner Bio One, Kremsmuenster, Austria). Sera were
isolated by centrifugation (10 min at 2,150xg at 4 °C). Sali-
vary and sera samples were divided into aliquots and stored at
—40 °C until further analysis.

Salivary and serum melatonin levels were determined us-
ing a commercially available ELISA kit (Non-Extraction
Melatonin Saliva ELISA, IBL, Hamburg, Germany) accord-
ing to the manufacturers' instructions. Optical densities were
plotted against a standard curve and concentrations expressed
as picograms per milliliter. The standard range of the ELISA

for salivary melatonin was 0.5 to 50 pg/ml with an analytical
sensitivity of 0.3 pg/ml. The standard range of the ELISA for
serum melatonin was 3 to 350 pg/ml with an analytical sensi-
tivity of 1.6 pg/ml. Serum levels of C-reactive protein (CRP)
were measured on a Chemistry Immuno-System Olympus
AU640. The assay (Olympus OSR6199, Olympus Diagnos-
tics, Melville, NY) is linear from 0.08 to 80 mg/l and has a
lower detection limit of 0.08 mg/1.

Statistical analysis

Normal distribution of the data was controlled graphically
and by the Kolmogorov—Smirnov test. When normally dis-
tributed, an independent samples ¢ test was performed; oth-
erwise, the Mann—Whitney U test was applied. The
differences of salivary melatonin levels of patients before
and after treatment were analyzed by a paired ¢ test. Differ-
ences in serum melatonin, serum CRP, PD, CAL, and BoP,
respectively, were analyzed in a similar manner. To analyze
the effect of age or intake of antibiotics, respectively, on the
difference of salivary melatonin, linear regression models
were calculated with the baseline values of salivary melatonin
as additional independent variable. The correlations between
the values of salivary and serum melatonin, PD, CAL, BoP,
and serum CRP, respectively, before treatment were analyzed
by Spearman correlations. Pearson correlations coefficient
was applied to investigate possible correlations between sali-
vary and serum melatonin levels before treatment as well as
the change of salivary melatonin after treatment and the
change in PD, CAL, BoP, and serum CRP, respectively. Sta-
tistical analyses were performed using R 2.11.0 [26] and SPSS
Version 19.0 (SPSS, Chicago, IL, USA) and p values <0.05
were considered as statistically significant.

Results

Periodontal and inflammatory parameters of the study
population at baseline

The clinical parameters PD, CAL and BoP, salivary and
serum melatonin levels, and serum CRP levels of healthy
individuals and periodontitis patients at baseline are given in
Table 1 and Fig. 1. Before therapy, periodontitis patients

Table 1 Periodontal parameters and serum melatonin levels of the periodontitis patients before treatment and of the control group

Parameters Control group (n=30) Periodontitis patients (n=30) p value
PD (mm; median+IQR) 1.62+0.0062 3.28+1.49 <0.001
CAL (mm; median+IQR) 1.62+0.0062 3.51+1.74 <0.001
Serum melatonin (pg/ml; mean+SEM)? 17.24+1.56 19.94+2.59 0.377

If the data sets were normally distributed, an independent samples ¢ test was performed, otherwise, the Mann—Whitney U test was applied
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Fig. 1 Salivary melatonin levels (a), serum CRP levels (b), and BoP
(c) of the control group and the periodontitis patients (perio) before and
after therapy; data are expressed as mean+S.E.M.; #p<0.05, indicates
significant differences between control and periodontitis group, *p<
0.05 indicates significant differences between before and after therapy

showed significantly higher levels of PD (p<0.001), CAL
(»<0.001), BoP (p<0.001), and serum CRP (p=0.011) com-
pared to the control group.
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Effect of periodontal disease on melatonin levels

Salivary, but not serum melatonin levels were significantly
decreased in the periodontitis group (saliva, p=0.008; se-
rum, p=0.377). In the whole study population, there was a
significant correlation between salivary and serum melato-
nin levels (tho=0.392, p=0.002). The correlations between
salivary melatonin and serum CRP levels with clinical peri-
odontal parameters (PD, CAL, and BoP) are presented in
Table 2. Serum melatonin levels correlated neither with
clinical periodontal parameters (p>0.389) nor with serum
CRP (p=0.343).

Effect of periodontal treatment on melatonin levels

The effectiveness of periodontal therapy was proved by sig-
nificantly decreased periodontal parameters (Table 3 and
Fig. 1; PD, p<0.001; CAL, p=0.028; and BoP, p<0.001).
Serum CRP levels did not differ after periodontal therapy
(Fig. 1; mean difference [95 % CI], —0.44 [—1.13; 0.25]; p=
0.20). Salivary melatonin levels increased following peri-
odontal treatment (Fig. 1; mean difference [95 % CIJ, 2.43
[0.42; 4.44]; p=0.021) and recovered after therapy to values
comparable to those of the control group (Fig. 1; p=0.340).
The intake of antibiotics and age showed no significant effect
on the change of salivary melatonin levels after periodontal
treatment (p=0.6 and p=0.2). Serum melatonin levels were
unaffected by periodontal treatment (Table 3; p=0.21). A
negative correlation was present between the change of sali-
vary melatonin and BoP values (Fig. 2; rho=-0.53, p=0.02).
Other tested parameters (PD, CAL, and serum CRP) showed
no significant negative correlation (p>0.4).

Discussion

The present study confirmed previous reports on decreased
melatonin levels in patients suffering from periodontal dis-
ease. In addition to that, we demonstrated for the first time a
regeneration of salivary melatonin levels of periodontitis
patients related to non-surgical periodontal therapy. The
increase of salivary melatonin correlated significantly with
the decrease of BoP, a clinical parameter indicating local
inflammation.

Periodontitis and periodontal tissue destruction may be
triggered by a shortage of antioxidants to balance increased
oxidative stress [4, 27]. In the oral cavity, melatonin acts as
an antioxidative, anti-inflammatory, and bone-preserving
agent suggesting a role in periodontal disease [28-30]. So
far, decreased serum and salivary melatonin levels in perio-
dontitis patients were described in several studies [14-16,
22], which is confirmed by the present study. Salivary
melatonin levels in periodontitis patients were decreased
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Table 2 Correlation of clinical periodontal parameters with salivary
melatonin and serum CRP levels at baseline (Spearman correlation
coefficient)

Salivary melatonin Serum CRP

Rho p value Rho p value
PD -0.324 0.012 0.315 0.014
CAL -0.304 0.018 0.306 0.017
BoP —0.402 0.001 0.294 0.022

by one third before therapy compared to the healthy con-
trols. Yet, in contrast to previous studies, which used an
index to classify periodontal disease, this is the first study to
prove a significant correlation of salivary melatonin levels
with full-mouth assessed clinical periodontal parameters.
Serum melatonin levels were not influenced by the presence
of periodontal disease, although changed serum CRP levels
confirmed a systemic involvement. Serum CRP levels were
three times increased in periodontitis patients and correlated
significantly with clinical periodontal parameters confirm-
ing the presence and severity of periodontal disease both
locally and systemically in coincidence with the existing
literature [31-33]. On the one hand, melatonin levels in
the oral cavity could be constantly lower and represent a
risk indicator for the development of periodontal disease.
On the other hand, melatonin levels might be depleted in
periodontal disease in response to increased oxidative stress
and bacterial attack.

After successful non-surgical periodontal therapy, sali-
vary melatonin levels were significantly increased by about
25 % and negatively correlated with a decrease of local
inflammation. Reducing the inflammation seems to allow a
recovery of salivary melatonin levels and indicates a rees-
tablishment of the homeostasis of the oxidant/antioxidant
system in the oral cavity. A modulatory effect of non-
surgical periodontal therapy on the oxidant/antioxidant sys-
tem locally and systemically was described previously by
assessing other parameters, such as the total antioxidant
capacity or reactive oxygen metabolites in the serum, saliva,
or gingival crevicular fluid [5, 27]. A recent publication on a

Table 3 Mean differences [95 % CI] in the serum melatonin and CRP
levels and the periodontal parameters (PD and CAL) of the periodon-
titis patients before and after therapy (differences are analyzed by
paired ¢ test)

Parameters Mean difference p value
before—after therapy

PD (mm) —0.62 [-0.94, —0.30] 0.00065

CAL (mm) —0.45 [-0.85, —0.054] 0.028

Serum melatonin (pg/ml) —1.75 [-4.59, 1.098] 0.21

Asalivary melatonin (pg/ml)
N
|
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Fig. 2 Correlation between the change of salivary melatonin before
and after treatment and the change in BoP (correlation was analyzed by
Pearson's correlation coefficient: tho=—0.53, p=0.02)

direct production of melatonin by the salivary glands sup-
ports the local role of melatonin [10], and further, a melato-
nin receptor was detected in the rat buccal mucosa and in
human and mouse dental structures, indicating a role of
melatonin during tooth development as well [7, 10]. In this
study, the effect of the severity of periodontal inflammation
on melatonin levels was assessed, but not, whether there is a
difference between aggressive and chronic periodontitis.
Until now, there is no report showing a difference of mela-
tonin levels due to different types of periodontal disease. In
the present study, only two patients with aggressive perio-
dontitis (according to the criteria of the AAP classification
1999 [17]) were included, which did not influence the
results on salivary melatonin levels. Because of limited
sample number in this study comparison of melatonin levels
between these two types of periodontitis was not performed.
It remains an interesting aspect for future clinical trials with
an increased sample size to investigate, whether there is a
difference between aggressive and chronic periodontitis.
Altogether, this clinical trial implies salivary melatonin as
a risk indicator for the severity of periodontal disease. Still a
functional role of melatonin in periodontal disease needs to
be further investigated in future studies.

In view of the biorhythm of melatonin, the optimal sam-
pling time for melatonin would be between 12:00 and
2:00 a.m. due to maximal secretion of melatonin. For feasi-
bility in a clinical trial, the samples were collected at about
8:00 a.m. in the morning in the present study similar to
previous studies [14—16, 22]. The aim of this study was to
assess the influence of periodontal therapy on melatonin
levels. Therefore, the sample collection was performed at
the same time point before and after therapy to avoid the
influence of the circadian rhythm of each participant, but
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melatonin levels of this study population do not represent
the peak of secretion.

Numerous studies suggest a positive effect of melatonin on
periodontal disease [11, 13, 34]. Firstly, melatonin functions
as a direct free radical scavenger, reduces free radical gener-
ation, stimulates other antioxidative enzymes, and increases
their efficiency [11]. Melatonin, for example, is able to detox-
ify nitric oxide, whose synthesis is increased in periodontal
diseased tissue [11, 35]. Secondly, immuno-modulating
effects of melatonin on the function of macrophages or leu-
kocytes are reported. In murine macrophages, melatonin sup-
presses the production of nitric oxide and interleukin-6
induced by lipopolysaccharides of P, intermedia [13]. In acute
pyelonephritis in rats, exogenously administered melatonin
reduces neutrophil infiltration and production of inflammatory
mediators [34]. Similar effects of melatonin in the oral cavity
might modulate the immune response during periodontal in-
flammation, which is initiated by the bacterial attack and is
primarily responsible for the hard and soft tissue damage. In
vivo, intravenous melatonin administration significantly de-
creased inflammatory (interleukin-6, -8, and tumor necrosis
factor alpha) and oxidative (nitrite/nitrate levels) parameters in
children with respiratory distress syndrome [36]. Further,
melatonin has a metal-chelating capacity for iron (III), copper,
and zinc, which causes a reduction of their cytoplasmic avail-
ability and is related to the antioxidant properties of melatonin
by making transition metals unavailable for the Fenton reac-
tion. Further, binding free iron inhibits particularly the growth
of gram-negative bacteria, which are mainly responsible for
periodontal disease [12, 37]. Finally, melatonin seems to
influence bone turnover. It stimulates osteoblast differentia-
tion, bone formation and production of collagen type I and
suppresses bone resorption and osteoclast formation [38—40]
and recently, a potential beneficial effect of melatonin on the
repair of bony defects by promoting angiogenesis was shown
in an in vivo animal study [41].

The combination of the various properties (antioxidative,
immune-modulatory, antibacterial, and promoting bone for-
mation) may address melatonin or its derivatives as an
interesting adjuvant in the treatment of periodontal diseases.
Melatonin is non-toxic and highly lipophilic, diffuses rap-
idly into all body fluids, cells and subcellular compartments
and is an uncommonly safe molecule over a wide range of
doses [42]. Until now, melatonin is applied as therapeutic
agent in sleeping disorders (e.g., jet lag, shift work, or sleep
deterioration associated with aging) and as an adjuvant
therapy for reduced cytotoxicity during chemo- or radiother-
apy in cancer treatment, for macular degeneration or irrita-
ble bowel syndrome [43—45]. In the oral cavity the local
application of melatonin into the alveolar socket after tooth
extraction decreases the oxidative stress in beagle dogs [46].
Further, melatonin improves osseointegration of dental
implants in animal studies [47-50].
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Conclusions

In conclusion, this study implied that salivary melatonin
levels may be related to periodontal inflammation possibly
due to its antioxidant abilities: Before therapy, salivary
melatonin levels were lower in periodontitis patients com-
pared to healthy controls and significantly correlated with
clinical periodontal parameters. Further, after non-surgical
periodontal therapy, a recovery of the decreased salivary
melatonin levels and a significantly negative correlation to
the reduction of local inflammation was proved. This mel-
atonin response was only detectable in saliva and not in the
serum. However, elevated serum CRP levels confirmed a
systemic involvement of periodontal disease. These results
suggest salivary melatonin as a risk indicator for the severity
of periodontal disease. Further research is required to clarify
the mechanisms of melatonin in the pathogenesis of peri-
odontal disease and to understand its clinical relevance.
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