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Abstract

Background: Periodontitis is a chronic inflammatory disease that causes tissue destruction due to the imbalance in the oxidant-
antioxidant system. Melatonin has anti-inflammatory, antioxidant, and immune-modulatory properties and is considered to be a
biomarker and diagnostic/therapeutic agent in the pathogenesis of periodontitis.
Objectives: The present study aimed to evaluate the salivary melatonin level and its changes following non-surgical periodontal
therapy in patients with periodontitis.
Methods: In total, 90 salivary samples were collected from 60 patients, including 30 from patients with moderate chronic peri-
odontitis (before periodontal treatment), and 30 from the same patients one month after the non-surgical periodontal therapy, and
30 from periodontally healthy subjects (control). Salivary melatonin levels were measured using the competitive immunoassay of
the human melatonin ELISA kit.
Results: The highest melatonin concentration was observed in the control group (79.55 ± 59.22; P < 0.05), while the lowest con-
centration was observed in the pre-treatment group (P < 0.05). In addition, salivary melatonin concentration in the post-treatment
group (56.58 ± 46.48) was significantly higher compared to the pre-treatment group (17.25 ± 5.79; P < 0.05).
Conclusions: According to the results, salivary melatonin levels improved after non-surgical periodontal therapy, which suggests
the involvement of melatonin in the pathogenesis of periodontitis. However, the exact role of melatonin requires further investi-
gation.
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1. Background

Melatonin (N-acetyl-5-methoxytryptamine) is an
endogenous indolamine, which is responsible for the
sleep/wake cycle. It is primarily secreted by the pineal
gland with a circadian rhythm and a high level of secre-
tion during the night and in darkness (1, 2). Other sources
of melatonin secretion in the human body include the
retina, gastrointestinal tract, leukocytes, bone marrow,
and skin (3). Melatonin is recognized as a multitasking
molecule with a wide variety of biological actions, includ-
ing antioxidant effects (4, 5), anti-inflammatory effects,
immunomodulatory properties (6), osteopromotion,
bone loss inhibition (7, 8), oncostatic effects (9, 10), and
neuroprotective properties (11). This biomarker enhances
osteoblast differentiation and bone formation via stim-

ulating type I collagen synthesis. Therefore, it exerts
therapeutic effects on various injuries of the oral cavity
through scavenging the free radicals produced during
inflammation and reducing bone destruction (12). After
the secretion of melatonin into the bloodstream, approx-
imately 70% of the plasma melatonin binds to albumin,
and 24% - 33% of free melatonin passively diffuses into the
mouth through salivary glands. Therefore, melatonin is
found in the saliva and crevicular fluid, representing the
free fraction of melatonin in the plasma (13, 14).

Periodontitis is a highly prevalent inflammatory disor-
der worldwide, reported in 20% - 50% of the population.
Periodontitis affects tooth-supporting structures, includ-
ing the periodontal ligament, cementum, and the alveo-
lar bone (15). This inflammatory disease is initiated due
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to the interactions between the host’s immune system,
modifying environmental factors, and subgingival micro-
biota, particularly gram-negative organisms such as Por-
phyromonas gingivalis (16, 17). The activation of the im-
mune response neutralizes the bacterial attack, while trig-
gering the periodontal tissue destruction via releasing pro-
inflammatory cytokines, prostaglandins, free radicals, and
reactive oxygen species (ROS; oxidative damage). Previous
studies have suggested that the presence of melatonin (di-
rect scavenger of free radicals) in the saliva might affect the
pathogenic process of periodontal diseases (18).

According to Drisko (19), non-surgical periodontal
therapy, along with oral hygiene instructions, could help
control the subgingival microbial plaque. In addition, the
imbalance of the oxidant-antioxidant system due to the
production of free radicals by bacteria and the host’s im-
mune response during periodontitis could lead to oxida-
tive damage to the periodontal tissue (20). Several studies
have implied that salivary melatonin levels significantly
decrease in patients with periodontal diseases, indicating
that this biomarker could be used as a diagnostic and a
potential therapeutic agent for periodontitis. Melatonin
levels may change due to factors such as smoking, alcohol
consumption, and aging, while no such effect has been at-
tributed to gender (13). Melatonin is a direct scavenger of
free radicals and promotes the anti-oxidative enzymes in
the saliva, thereby indirectly affecting the pathogenesis of
periodontal diseases (21).

2. Objectives

The present study aimed to investigate salivary mela-
tonin level before and after non-surgical periodontal ther-
apies to determine the treatment efficiency.

3. Methods

3.1. Subjects and Study Design

This case-control study was conducted to measure
melatonin level before and after non-surgical periodontal
therapies and treatment efficiency. Sample size was cal-
culated based on the study by Lodhi et al. (22). In to-
tal, 60 participants (30 patients with moderate chronic pe-
riodontitis and 30 healthy controls) were recruited from
the patients referring to the Periodontal Department of
Babol University of Medical Sciences, Iran. The participants
were informed about the study procedures and provided
informed consent. The Ethics Committee of approved the
research protocol in December 2017.

The inclusion criteria were as follows:
Patients aged 30 - 60 years;

Minimum of 20 natural teeth
The exclusion criteria were as follows:
Pregnancy and breastfeeding;
Systemic diseases (e.g., diabetes mellitus, kidney fail-

ure);
Using antioxidant or melatonin supplement thera-

pies/medications (e.g., aspirin, diazepam) that modify the
melatonin level within the past three months;

Immunosuppression (pathological/drug-induced) or
autoimmune diseases;

History of periodontal treatment within the past six
months;

3.2. Periodontal Evaluations

The participants were enquired about their medical
and dental history, followed by the careful examination of
the periodontal status using a standard periodontal probe
(UNC-15, Hu-Fridey Instruments, Chicago, IL, USA). Each
subject was motivated to observe oral hygiene and plaque
control. clinical examinations and non-surgical periodon-
tal therapy (scaling and root planing) were carried out by
one periodontist. Measurements were obtained at four
sites per teeth, including mesiofacial, buccal, distofacial,
and lingual. The diagnostic criteria for moderate chronic
periodontitis were as follows: Probing depth (≥ 5 and <
7 mm), clinical attachment loss (CAL) of 3 - 4 millimeters,
and presence of bleeding on probing (23). The healthy sub-
jects were confirmed by Leo and Silness gingival index (no
CAL).

3.3. Sample Collection

In total, 90 saliva samples were collected, including
30 samples from the patients with moderate chronic pe-
riodontitis (pre-treatment), 30 samples from the same pa-
tients one month after scaling and root planing, and 30
samples from periodontally healthy subjects. Sample col-
lection was performed at 9:00 AM - 12:00 AM. The partic-
ipants were asked not to chew gum, eat or drink (except
water) after waking. In addition, unstimulated saliva sam-
ples were harvested by the spitting method into sterile
polypropylene tubes and sent to the Biochemistry Depart-
ment of Babol University of Medical Sciences. The subjects
were seated with their head bowed slightly forward for
sample collection. Afterwards, one milliliter of saliva was
centrifuged at 3,500 rpm for eight minutes to remove de-
bris and preserved at the temperature of 4°C until evalua-
tion.

3.4. Intervention

The patients diagnosed with periodontitis underwent
non-surgical periodontal therapy (scaling and root plan-
ing) following a full mouth protocol using an ultrasonic
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device (DTE D5, China) and standard Gracey periodontal
curettes (Hu-Friedy Instruments, Chicago, IL, USA). The pa-
tients were contacted one month after the treatment for
sample collection.

3.5. Biochemical Assessment

The melatonin level of the saliva samples was mea-
sured using a competitive immunoassay. The kit uses
the enzyme-linked immunosorbent assay (ELISA) tech-
nique based on the double-antibody sandwich technol-
ogy to measure melatonin. In this study, melatonin was
added to the wells, which were pre-coated with melatonin
monoclonal antibody, and incubated. Afterwards, anti-
melatonin antibodies labeled with biotin were added to
the unit with streptavidin-HRP, forming an immune com-
plex. The unbound enzymes were removed after incuba-
tion and washing. Following that, A and B substrates were
added, and the solution turned blue and changed to yel-
low due to the acid effect. The shades of the solution and
concentration of human melatonin were positively corre-
lated.

3.6. Blinding

The operators in the Biochemistry Department and the
data analyst were blinded from the beginning of the study
to the completion of statistical analysis.

3.7. Statistical Analysis

Data analysis was performed in SPSS (Statistical Pack-
age for the Social Sciences V.24, Chicago, IL, USA) at the test
power of 80% and significance level of 5% for the analy-
sis of variance (ANOVA) and 1% for Tukey’s post-hoc test.
Data were expressed as mean and standard deviation (SD).
Continuous parameters were compared using paired t-test
and one-way ANOVA, and categorical data were expressed
as numbers and percentages. In addition, Tukey’s post-hoc
test was used to compare the three study groups (healthy
controls, before treatment, after treatment).

4. Results

In total, 90 saliva samples collected from 60 subjects
were examined. The highest and lowest concentration
of melatonin was observed in the control group and pa-
tients with periodontitis before the treatment, respec-
tively. These data indicated that the melatonin concentra-
tion of the saliva increased after the non-surgical periodon-
tal therapy (Table 1 and Figure 1). The significance level of
F-test in ANOVA was 0.001, demonstrating that the differ-
ence in the melatonin level of the saliva was statistically
significant between the three study groups. According to

the information in Table 2, Tukey’s post-hoc test indicated
that the discrepancy between the salivary melatonin level
of the control group and patients with periodontitis before
the treatment was the main cause of the difference in this
regard (P = 0.001).

Table 3 shows the linear regression coefficients and sig-
nificance levels. Accordingly, the non-surgical periodon-
tal therapy enhanced the salivary melatonin level by 39.32
units (B = 39.32). Using the ROC curve, we also evaluated
the specificity and sensitivity of the non-surgical periodon-
tal therapies for the salivary melatonin level, and the ob-
tained data suggested that the non-surgical periodontal
therapies changed the salivary melatonin level to 23.79 ng/l
with the specificity and sensitivity of 80% (area under ROC
curve = 0.87) (Table 4 and Figure 2).

5. Discussion

The present study indicated the increased level of sali-
vary melatonin in the patients with periodontitis follow-
ing the non-surgical periodontal therapy. Periodontitis is
a chronic inflammatory disease, which destroys the tooth-
supporting tissue due to the interaction between the sub-
gingival flora and the host’s immune system. This is ini-
tiated by the release of pro-inflammatory cytokines, free
radicals, and ROS (17, 18). Melatonin could exhibit an-
tioxidant, anti-inflammatory, and bone-preserving proper-
ties, thereby playing a pivotal role in periodontal diseases
(24). Several studies have reported that salivary melatonin
decreases in patients with periodontitis, which was con-
firmed in the present study (20, 25). Therefore, it could be
concluded that the reduction of salivary melatonin could
be a potential indicator of periodontitis.

Following the successful non-surgical periodontal
therapy in the current research, the mean salivary mela-
tonin levels significantly increased by approximately 32.36
units. In a study in this regard, Baydas et al. (26) explained
this phenomenon based on the theory of the destructive
effects of periodontal inflammation on salivary glands,
which causes a reduction in melatonin secretion. Our find-
ings are consistent with the study by Bertl et al. (20), who
reported a 25% increase in melatonin after a non-surgical
periodontal therapy. Therefore, improved salivary mela-
tonin could rebalance the oxidant/antioxidant system and
reduce local inflammation in the oral cavity. According
to the study by Balaji et al. (25), salivary glands produce
melatonin as an extrapineal site of melatonin biosynthe-
sis. On the other hand, melatonin 1 receptors in the buccal
mucosa may exert receptor-mediated effects (27).

Melatonin secretion follows a circadian rhythm, with
the maximal secretion occurring at 12:00 AM - 2:00 AM (3).
In the current research, the samples were collected at 9:00
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Figure 1. Comparison of melatonin between three study groups (control, before periodontal treatment, after periodontal treatment)

Table 1. General Characteristics and Biochemical Parameters of Participants

Variables Control Before Periodontal Treatment After Periodontal Treatment P-Value

Age, mean ± SE 33 ± 2.1 40.02 ± 7.08 40.02 ± 7.05 0.001a

Melatonin, mean ± SE 59.22 ± 10.22 17.25 ± 1.07 56.58 ± 7.33 0.001a

Abbreviations: SE, standard error of mean.
aP-value based on ANOVA; significance at P < 0.05.

Table 2. Tukey’s Post-hoc Test to Compare Means between Groups

Variables Mean Difference ± SE P-Value

Control

Before periodontal treatment 67.30 ± 10.70 0.001a

After periodontal treatment 22.97 ± 10.70 0.086

Abbreviations: SE, standard error of mean.
aSignificance at P < 0.01.

AM - 12:00 AM to achieve viable results, and sample collec-
tion was performed at the same time before and after the
therapy to avoid the impact of the biorhythm on the mela-
tonin level of the subjects.

Balaji et al. (25) reported no significant difference in
the salivary or plasma melatonin levels of patients with
chronic periodontitis. However, gingival crevicular fluid
exhibited a significantly decreased level of melatonin (25).

In another research, Ghallab et al. (28) demonstrated that
melatonin levels in the gingival crevicular fluid were sig-
nificantly higher in healthy controls compared to patients
with generalized aggressive periodontitis and chronic pe-
riodontitis. Furthermore, the mentioned study indicated
significantly lower melatonin levels in the patients with
generalized aggressive periodontitis compared to those
with chronic periodontitis (28). In contrast, Lodhi et
al. stated that salivary melatonin levels increased with
increased disease severity from control to periodontitis.
They also observed that patients with periodontitis had the
highest salivary melatonin levels, followed by gingivitis,
while the lowest levels were reported in the healthy con-
trols (22).

Given the conflicting results in this regard, we aimed
to compare the salivary melatonin levels of patients with
periodontitis with healthy subjects and its changes due to
non-surgical periodontal therapy. According to our find-
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Figure 2. ROC curve showing specificity and sensitivity of non-surgical periodontal therapies on salivary melatonin

Table 3. Correlations Between Groups (Before and After Periodontal Treatment) and Saliva Melatonina

Variable B SE Beta T P-Value

Stage 32.39 7.41 0.57 5.30 0.001b

Abbreviations: ADJ.R2 , adjusted R-square; B, unstandardized regression coefficient; Beta, standardized regression coefficient; R, correlation-coefficient; R2 , coefficient of
determination; SE: standard error of mean; T, calculated difference.
aR = 57/0; R = 0.57; R2 = 0.32; ADJ.R2 = 0.31.
bP-value based on ANOVA, significance at P < 0.01;

Table 4. Results of ROC Curve Analysis

Variable Sensitivity, % Specificity, % Cutoff AUC P-Value

Melatonin 80 80 23.79 0.87 0.001a

Abbreviation: AUC, area under ROC curve.
aSignificance at P < 0.01.

ings, the patients with chronic periodontitis had the low-
est melatonin concentration before the treatment. How-

ever, we did not assess the difference in the melatonin lev-
els between the patients with varied periodontal diseases

J Kermanshah Univ Med Sci. 2021; 25(2):e113275. 5



Uncorrected Proof

Purrahmani A et al.

(e.g., chronic/aggressive periodontitis, gingivitis).
According to the results of the present study, the

healthy subjects had the highest melatonin level. After the
periodontal treatment, the salivary melatonin level was
observed to improve as well, which confirms the local in-
volvement of melatonin and its immune-modulating ef-
fects. The usefulness of melatonin as a biomarker of peri-
odontal disease was also confirmed by the sensitivity and
specificity analysis using the ROC curve in our research.
Correspondingly, the area under the curve (0.87) indicated
an excellent performance. Furthermore, the ROC curve was
used to assess the correlation between melatonin and the
periodontal therapy.

Our findings demonstrated that melatonin changed
with 80% sensitivity and 80% specificity from the pretreat-
ment to the post-treatment stage. As a result, we decided
to introduce a potentially significant cutoff for this asso-
ciation. Considering the ROC curve analysis and linear
logistic regression, we established the sensitive cutoff of
23.75 from the pretreatment to the post-treatment stage
in the periodontal patients. Melatonin could control the
immune response of the periodontal tissue during local
inflammation due to bacterial invasion (29). Therefore, it
could be employed as an adjuvant therapy in the treatment
of periodontal diseases (30-32). Further investigations are
required to determine the effective dose of melatonin and
its potential side-effects on the human body.

5.1. Conclusions

According to the results, salivary melatonin may be
associated with periodontal inflammation. The levels of
melatonin in the saliva were significantly lower in the
patients with chronic periodontitis before the treatment
compared to the healthy subjects. After the therapy, a sig-
nificant increase was observed in the salivary melatonin
levels. The lower melatonin in the patients with periodon-
titis could be due to the lack of protective or antioxidative
role of melatonin in the oral cavity. It is recommended that
further investigation be conducted to determine the un-
derlying mechanism of melatonin in the pathogenesis of
periodontal diseases.
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