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Abstract

The aim of the present study was to evaluate the inhibitory effects of oxytocin on the development of periodontitis based
on its properties against bone loss and resorption. Thirty-two Wistar albino rats were divided into four equal groups: con-
trol, periodontitis + saline, periodontitis + 0.5 mg/kg/day oxytocin, and periodontitis + 1 mg/kg/day oxytocin. Periodontitis
groups received 4.0 silk ligatures around their cervixes of the right and left mandibular incisors in an “8” shape, kept for
14 days. Animals in oxytocin groups were injected once every day during 14 days with oxytocin. The mandibles were fixed
and scanned using microcomputed tomography to quantify bone resorption and volumetric measurements. Blood samples
were collected to analyze the concentrations of macrophage colony-stimulating factor (M-CSF), receptor activator of nuclear
factor-xB ligand (RANKL), osteoprotegerin (OPG), matrix metalloproteinase-8 (MMP-8), tumor necrosis factor-alpha (TNF-
a), interleukin (IL)-6, glutathione peroxidase (GPx), superoxide dismutase (SOD), and malondialdehyde (MDA). Histo-
pathological evaluations were conducted to examine the gingiva and alveolar bone. Oxytocin prevented the development of
periodontitis by decreasing ligament deteriorations and leukocytes in the gingival connective tissue and promoting reintegra-
tion with the alveolar bone. Bone resorption in all regions was less in the periodontitis + 1 mg/kg/day oxytocin group than
in the periodontitis + saline group. Although TNF-a, IL-6, and RANKL values were lower in the periodontitis + 1 mg/kg/
day oxytocin group, OPG was higher than that in the periodontitis + saline group. M-CSF, MMP-8, and MDA were lower
in the oxytocin groups than in the periodontitis + saline group. Oxytocin may be an effective agent for periodontal diseases
because it decreased bone resorption, oxidative stress, and inflammation in an experimental periodontitis.
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Introduction

Oxytocin is an anabolic hormone produced in the hypo-
thalamus and carried into the bloodstream where it plays
arole in lactation in mammals (Amar and Weiss 2003). In
addition to its physical and mental effects such as behavior
regulation, social memory, stress management, learning,
sexual behavior, initiation of labor, and promoting breast-
feeding (Lee et al. 2019), it has recently been identify as
having protective effects on bone metabolism (Elabd et al.
2007, 2008; Tamma et al. 2009). Systemic administration
of oxytocin stimulates bone formation by regulating osteo-
blast differentiation and osteoclast functions (Colaianni
et al. 2011; Tamma et al. 2009). The absence of oxytocin
or the oxytocin receptor causes a decrease in bone forma-
tion, and its progression can result in osteoporosis (Cola-
ianni et al. 2014). In addition to being an antioxidant, its
immunomodulatory and anti-inflammatory effects have
been identified (Diisiinceli et al. 2008). These effects can
also be altered by suppressing proinflammatory cytokines
and increasing antioxidant enzyme levels. When evalu-
ated within this context, oxytocin has been shown to have
a protective effect on inflammation in models of sepsis,
ischemia/reperfusion, pyelonephritis, and colitis (Allameh
and Salamzadeh 2016; Dou et al. 2021; Diisiinceli et al.
2008; Franco et al. 2021).

Periodontitis is a chronic inflammatory disease that is
characterized by the progressive destruction of the peri-
odontium around the teeth. Although microorganisms play
a role in its primary etiology, the pattern of destruction
from the disease is shaped by the host’s response. In a
healthy adult, there is a balance between bone formation
by osteoblasts and bone resorption by osteoclasts (Hienz
et al. 2015). Osteoclasts are the cells responsible for the
destruction of mineralized bone and, as they increase and
mineralized bone is destroyed, that balance is disturbed
and alveolar bone is resorbed.

To our knowledge, there are no published studies on
the effect of oxytocin on periodontal disease; therefore,
the aim of the present study was to evaluate how oxytocin
prevents the development of periodontitis by protecting
bone deterioration and resorption.

Materials and methods
Study design
The present study comprised 32 Wistar albino rats weigh-

ing 220-240 g each. The rats were separated into groups
as follows: (a) control, (b) periodontitis + saline (injected

@ Springer

subcutaneously with saline, (c) periodontitis + 0.5 mg/kg/
day oxytocin (subcutaneous injection), and (d) periodonti-
tis + 1 mg/kg/day oxytocin (subcutaneous injection).

Animals in oxytocin groups were injected once every
day during 14 days with oxytocin, and in periodonti-
tis + saline groups, animals were injected subcutaneously
with saline once a day for 14 days.

A power calculation was carried out (Mester et al.
2019), and the sample size was calculated to be at least
three rats for identification of a substantial difference in
terms of BV/TV% between groups at a power level of 95%
and an alpha error of 5%, and the effect size is 6.1176
(G*Power 3.1 software; Heinrich Heine University, Dus-
seldorf, Germany). Among these patients, eight rats were
collected for each group as a precaution in case of loss due
to any reason and insufficient sample size.

The rats were housed two per cage in a quiet room
under controlled temperatures (21-22 °C) and a reversed
light—dark cycle (12 h/12 h) and had free access to stand-
ard food and water. Experiments carried out in accordance
with the guidelines laid down by the National Institute
of Health (NIH) in the USA regarding the care and use
of animals for experimental procedures. The experimen-
tal protocol was examined and approved by the Animal
Experiment Ethics Committee of Near East University
(number: 2019/05-77).

Ligature placement around the cervical region
of the mandibular incisors

A combination of ketamine (Ketalar; Pfizer, New York,
NY, USA) (90 mg/kg i.p.) and xylazine (Rompun; Bayer,
Istanbul, Turkey) (10 mg/kg i.p.) was used to anesthe-
tize the animals after an overnight fast (Da Silva Frei-
tas Ribeiro et al. 2018). In the periodontitis groups, we
induced alveolar bone loss by placing 4.0 silk ligatures
around the cervix of the right and left mandibular inci-
sors in an “8” shape and buccally knotting (Mester et al.
2019). Any loose or missing ligatures found during a daily
inspection were immediately replaced.

Euthanasia and collection of specimens

The rats were euthanized 2 weeks after the study was ini-
tiated. Animal euthanasia was performed by decapitation
method. The mandibles were excised and 3 mm of gin-
gival tissue from the area surrounding the lower incisors
affected by induced periodontitis was obtained for micro-
computed tomography (micro-CT) and histopathology
analyses. Blood was taken for biochemical analysis.
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Micro-CT analysis
Micro-CT scanning

After air-calibrating the detector to minimize ring artifacts,
the specimens were scanned using a high-resolution micro-
CT device (Bruker SkyScan 1172, Kontich, Belgium) (voxel
size, 13.73 pm, 100 kV, 100 pA, rotation 360° within an
integration time of 5 min, Al filter 0.5 mm, a 0.7° rotation
step, 250 ms exposure, total time 1 h each). Beam hardening
was corrected and optimal contrast limits were used accord-
ing to the manufacturer’s instructions using initial scanning
and reconstruction tests (Huang et al. 2017).

Micro-CT imaging analysis

NRecon ver. 1.6.10.4 (SkyScan, Kontich, Belgium) and
CTAn ver. 1.17.7.2 (SkyScan) were used to visualize and
quantitatively measure the samples by obtaining axial two-
dimensional (2D) 1000 x 1000-pixel images. During recon-
struction, the ring artifact was corrected and smoothed by

Fig. 1 Three-dimensional A
micro-CT images. A Linear
measurements of the alveolar
bone loss. The measurements
were done linearly from the
cementoenamel junction to

the alveolar bone crest at the
buccal, mesial, and distal
surface roots of the incisors. B
Volumetric measurements of
alveolar bone loss. Region of
interest was highlighted and
draw in all slices for volumetric
measurement of alveolar bone
loss and used for the calcula-
tion of total alveolar bone loss.
The images were binarized to
distinguish the bone and dental
structures according to differ-
ences in density using a grey-
scale (limits 50-140; threshold
0-140) transformation

setting to 0 and the beam artifact was corrected by setting to
50%. CTAn ver.1.17.7.2 (Bruker micro-CT, Kontich, Bel-
gium) and DataViewer ver. 1.5.6.2 (Bruker Micro-CT) were
used to analyze the scans of the sections.

Linear measurements

Multiplanar reconstruction (MPR) images were obtained
using DataViewer ver. 1.5.6.2 in the coronal and sagittal
directions through the center of the region of interest (x—z
axis and z—y axis). The software allowed the user to desig-
nate a region of interest (ROI) and specify the number of
slices within the ROI; therefore, a standardized number of
slices was acquired for all specimens in all directions. All
measuring points were standardized and measurements were
taken manually by a single examiner using the software to
minimize errors. Alveolar bone loss was measured linearly
from the cementoenamel junction to the alveolar bone crest
at the buccal, mesial, and distal surface roots of the incisors,
and the mean was calculated (Fig. 1a).
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Fig. 1 (continued)

Volumetric measurements

Connectivity, bone volume/tissue volume (bone volume frac-
tion, BV/TV), and bone surface/bone volume (BS/BV) were
analyzed using CTAn ver. 1.17.7.2 (SkyScan). An interpolated
ROI using that software included the region from the incisor
root apex to the incisal edge roof. Binarizing the images using
grayscale (limits 50-140; threshold 0-140) enabled the dif-
ferentiation of bone and dental structures according to differ-
ences in density (Fig. 1b). Skyscan CTVox ver. 3.3.0 (SkyS-
can) was used to further process the reconstructed images for
visualization. An experienced dentomaxillofacial radiologist
conducted all image reconstructions and measurements.

Biochemical analyses

Blood samples were collected into serum separator tubes and
sera were separated by centrifugation at 1500 X g for 10 min
after coagulation (K241, BRK5324; Centurion Scientific,
West Sussex, UK). Sera were stored at — 80 °C until analyses.

Concentrations of macrophage colony-stimulating fac-
tor (M-CSF), receptor activator of nuclear factor kB ligand
(RANKL), osteoprotegerin (OPG), and matrix metallopro-
teinase-8 (MMP-8), which are indicators of alveolar bone
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remodeling, and the development and function of osteoclasts
and tumor necrosis factor (TNF)-a and interleukin (IL)-6,
which are proinflammatory cytokines, were determined from
the serum samples using commercially available rat-specific
enzyme-linked immunosorbent assay kits. Assays were con-
ducted, and the results were calculated following the manufac-
turers’ instructions.

Ready-to-use commercial test kits (RANSEL and RAN-
SOD; Randox, County Antrim, UK) and an automatic ana-
lyzer (BS120; Mindray, Shenzhen, China) were used to eval-
uate glutathione peroxidase (GPx) and superoxide dismutase
(SOD) activity to assess oxidative—antioxidative processes.

Malondialdehyde (MDA), the most stable lipid per-
oxidation product, was measured from sera. The test was
conducted using the spectrophotometry method based on
a reaction with thiobarbituric acid at 100 °C in an acidic
environment; the absorbance of the reaction mixture was
measured at 530-540 nm (Ohkawa et al. 1979).

Histopathological analyses
The samples were fixed in 10% neutral buffered forma-

lin solution for 24-72 h. The bone tissue was decalcified
in decalcification solution (Shandon TBD-2 decalcifier,
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Thermo Scientific, Ref.6764004) until the bone tissue was
soft enough to examine. The tissues were processed rou-
tinely and embedded in paraffin, cut into 4-pm-thick sections
using a microtome (Leica RM 2125, Wetzlar, Germany) in
the mesiodistal direction on the sagittal axis, and stained
for histopathology with hematoxylin and eosin. The Olym-
pus BX light microscope was used to examine the stained
sections (Tokyo, Japan) for histopathological evaluation.

Statistical analyses

GraphPad Prism 5.0 (GraphPad Software, Inc., San Diego,
CA, USA) was used to conduct the statistical analyses. The
Shapiro—Wilk test was used to check normal distribution.
One-way analysis of variance was used to analyze the nor-
mally distributed data and Tukey’s test was used to assess
paired comparisons. The Kruskal-Wallis test followed by
Dunn’s test was used to assess the non-normally distrib-
uted data. A P value <0.05 was considered statistically
significant.

Results
Histopathological results

Figure 2 shows representative images of the histological
sections. The dentin, gingiva, alveolar bone, and perio-
dontal ligament were observed to have a regular structure
in the control group (Fig. 2a). Congestion and increased
leukocytes in the gingival connective tissue, enlargement
of capillaries and congestion in alveolar bone, and dete-
rioration and congestion in the periodontal ligament were
observed in the periodontitis 4+ saline group (Fig. 2b),
while decreased ligament deterioration and reintegra-
tion with the alveolar bone, and decreased leukocytes in
the gingival connective tissue were evident in the peri-
odontitis + 0.5 mg/kg/day oxytocin group (Fig. 2c). The
periodontal ligament, dentin, and alveolar integration
were improved, and decreased leukocyte density was
observed in the periodontitis + 1 mg/kg/day oxytocin
group (Fig. 2d).

Fig.2 Representative histological images of the study groups. a
Control: normal histopathological findings, intact alveolar bone (*),
smooth dentin (arrowhead), periodontal ligament (arrow), and gin-
gival mucosa (small image—inset). b Periodontitis +saline: separa-
tion and deterioration in the periodontal ligament (arrow), dentin
(arrowhead), intense congestion in alveolar bone (**), and leukocyte
increase in the gingival mucosa (small image—inset). ¢ Periodonti-

tis+0.5 mg/kg/day oxytocin: alveolar bone (*), periodontal ligament
(arrow), and dentin (arrowhead) reintegration; decreased leukocytes
in gingival mucosa (small image—inset). d Periodontitis + 1 mg/kg/
day oxytocin: integration of alveolar bone and periodontal ligament
(arrow) dentin (arrowhead), new ossification lines in alveolar bone
(*), decreased leukocytes in the gingival mucosa (small image—
inset)
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Microtomography results

Results of the microtomography parameters are shown in
Fig. 3. Bone resorption in the lingual, mesial, and distal
regions was significantly higher in the periodontitis + saline
group (P <0.001) and in the periodontitis + 0.5 mg/kg/day
oxytocin group (P <0.01) compared to that in the control
group, while bone resorption in the lingual, mesial, and dis-
tal regions was statistically significantly lower in the peri-
odontitis + 1 mg/kg/day oxytocin group (P <0.01) than in
the periodontitis + saline group (Fig. 3a).

The difference in BV/TV values between the control
and periodontitis groups was not statistically significant
(P>0.05). The BV/TV values in the periodontitis + 0.5 mg/
kg/day oxytocin (P <0.05) and periodontitis + 1 mg/kg/day
oxytocin groups (P < 0.0001) were significantly higher than
that in the periodontitis + saline group (Fig. 3b).
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The difference between the control and periodonti-
tis 4+ saline groups was statistically significant (P <0.001).
The BS/BV values in the periodontitis + 0.5 mg/kg/day
oxytocin (P <0.01) and periodontitis + 1 mg/kg/day oxy-
tocin groups (P <0.0001) were significantly higher than
that in the periodontitis + saline group. We also observed
that the BS/BV values in the periodontitis + 1 mg/kg/day
oxytocin group were statistically significantly higher than
those in the periodontitis + 0.5 mg/kg/day oxytocin group
(P<0.05) (Fig. 3b).

The connectivity in the control group was higher than
that in the periodontitis + saline group (P <0.0001), and
that in the periodontitis + 0.5 mg/kg/day oxytocin and
periodontitis + 1 mg/kg/day oxytocin groups was signifi-
cantly higher than that in the periodontitis + saline group
(P<0.0001) (Fig. 3b).
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Fig.3 Microcomputed tomography assessments. a Bone resorption in the study groups. b Bone volume fraction (BV/TV), bone surface/bone

volume (BS/BV), and connectivity of the study groups
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Biochemical results

Table 1 presents the results of the biochemical parameters.
The TNF-a value was significantly higher in the periodonti-
tis + saline group (P <0.0001) and periodontitis +0.5 mg/kg/
day oxytocin group (P <0.05) than in the control group, but
lower in periodontitis + 0.5 mg/kg/day oxytocin (P <0.0001)
and periodontitis + 1 mg/kg/day oxytocin groups (P <0.01)
than in the periodontitis + saline group.

Although the IL-6 value was significantly higher in the
periodontitis + saline and periodontitis + 0.5 mg/kg/day
oxytocin groups (P <0.001) than that in the control group,
it was statistically lower in the periodontitis + 1 mg/kg/
day oxytocin group than in the periodontitis + saline group
(P<0.05).

The RANKL value was significantly higher in the perio-
dontitis + saline group than in the control group (P <0.001),
and it was statistically lower in the periodontitis + 1 mg/kg/
day oxytocin group than in the periodontitis + saline group
(P <0.01). The OPG value was significantly lower in the
periodontitis + saline group (P <0.05) than in the control
group and higher in the periodontitis + 1 mg/kg/day oxytocin
group than in the periodontitis + saline group (P <0.05).

Both GPx (P<0.0001) and SOD (P <0.01) values were
significantly lower in the periodontitis + saline group than in
the control group; both were statistically higher in the peri-
odontitis + 0.5 mg/kg/day oxytocin and periodontitis+ 1 mg/
kg/day oxytocin groups than in the periodontitis + saline
group.

The M-CSF value was significantly higher in the perio-
dontitis + saline group than in the control group (P <0.0001).
The MMP-8 values were higher in the periodontitis + saline
(P<0.0001) and periodontitis + 0.5 mg/kg/day oxytocin
(P<0.01) groups than in the control group. The MDA values

were higher in the periodontitis + saline (P <0.0001), peri-
odontitis + 0.5 mg/kg/day oxytocin (P <0.05), and periodon-
titis + 1 mg/kg/day oxytocin groups (P <0.05).

M-CSF, MMP-8, and MDA were lower in the periodon-
titis + 0.5 mg/kg/day oxytocin and periodontitis + 1 mg/kg/
day oxytocin groups than those in the periodontitis + saline

group.

Discussion

The effect of oxytocin on local bone regeneration has been
studied by several researchers (Dawood 1995; Park et al.
2014); however, the success of these studies was limited
because of the short half-life and insufficient stability of
oxytocin against hydrolytic enzymes. In the present study,
we administered oxytocin subcutaneously since this protocol
reversed bone loss and allowed restoration of bone in mice
(Elabd et al. 2008). To the best of our knowledge, there has
been no study that has investigated the effects of oxytocin
on induced periodontitis. The results of the present study
indicated that oxytocin may reduce alveolar bone loss by
increasing osteoblastic activity and decreasing osteoclastic
activity, oxidative stress, and inflammation.

After recognizing that oxytocin has an anabolic effect on
bone metabolism, several studies were conducted on its use
in osteoporosis treatment (Elabd et al. 2007, 2008; Tamma
et al. 2009). These studies have shown that oxytocin reduces
the effects of osteoporosis by acting as an anabolic regula-
tor on bone mass (Elabd et al. 2007, 2008; Tamma et al.
2009). Other studies using ovariectomized rats have found
that oxytocin reduces the negative effects of osteoporosis
and increases alveolar bone healing and osseointegration
of titanium implants (Colli et al. 2012; Wang et al 2016).

Table 1 Mean and standard

£ th £l Biomarkers Control Periodontitis Periodonti- Periodonti-
Efror okt e mean of blood tis + 0.5 mg/kg/day tis+ 1 mg/kg/day
10markers oxytocin oxytocin

TNF-a (pg/mL) 31.81+2.39 59.63 £ 3.15%*%%* 38.63+1.57t++ 42,77 +3.12% *+
IL-6 (pg/mL) 33.18+3.88 81.52 +£8.56%** 76.5245.19%%* 55.50+6.77"
RANKL (pg/mL) 51.66+3.50 97.1 £10.46%** 74.84+5.75 62.09+3.03**
OPG (pg/mL) 215.5+23.7 141.7+7.9% 197.4+12.4 207.8+15.4"
M-CSF (pg/mL) 35.18+1.80 99.24 + 13.27%*%* 53.67+4.78*F 54.31+7.49*
MMP-8 (pg/mL) 55.02+2.45 130.7 £7.2%#%* 90.1+5.5%%*+ 80.1+9.5%*
MDA (pmol/L) 5.96+0.36 10.51 £0.51%*%%* 7.81+0.55% 7.97 £0.34%
GPx (U/L) 2853 +58 1936 4 108%**%* 2696+ 1047t 2737 £ 121+
SOD (U/mL) 0.33+0.08 0.17+£0.01%* 0.28+0.01* 0.30+0.02*

TNF-a tamor necrosis factor-alpha, /L-6 interleukin-6, RANKL receptor activator of nuclear factor kappa-B
ligand, OPG osteoprotegerin, M-CSF macrophage colony-stimulating factor, MMP-8 matrix metallopro-
teinase, MDA malondialdehyde, GPx glutathione peroxidase, SOD superoxide dismutase. Mean+ SEM
(standard error of mean). *P<0.05, ** P<0.01, ***P<0.001, ****P <0.0001 versus the control group.
*P<0.05, TtP<0.01, ***P<0.001 versus the periodontitis + saline group
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In the present study, there was less bone resorption in the
periodontitis + 1 mg/kg/day oxytocin group than that in the
periodontitis + saline group. In addition, the BV/TV, BS/BV,
and connectivity values increased to varying degrees in the
groups with oxytocin compared with those in the periodon-
titis + saline group. Similar to our results, the results of one
study that investigated the effects of oxytocin on distrac-
tion osteogenesis have shown that BV/TV and connectiv-
ity values were higher in the groups administered oxytocin
than in those not administered oxytocin (Altay et al. 2020).
The results of the present study on bone volumetric changes
using oxytocin are also consistent with the findings of this
study. In addition, the histopathologic evaluation in the pre-
sent study showed congestion and increased leukocytes in
the gingival connective tissue, deterioration, and conges-
tion in the periodontal ligament in the periodontitis + saline
group but not in the oxytocin groups, and decreased ligament
deteriorations, reintegration with the alveolar bone, and a
decrease in leukocytes in the gingival connective tissue.
In a recent study (Ge et al. 2019), it was shown that oxy-
tocin receptor was expressed on periodontal ligament stem
cells, and oxytocin promoted proliferation, migration, and
osteogenic differentiation of periodontal ligament stem cells
in vitro. In our study, it is thought that the positive changes
in the periodontium that occurred in the oxytocin adminis-
tered groups may be due to the effects and properties of oxy-
tocin described in that study. The results of the present study
provided evidence that oxytocin is crucial in the prevention
of the development of the periodontitis process. Exogenous
oxytocin administration has been shown to alleviate tissue
damage in a variety of animal models (Akdemir et al. 2014;
Karelina et al. 2011; Yuan et al. 2016). However, no infor-
mation was available on the effects of oxytocin on periodon-
titis and its underlying molecular mechanisms. Additional
studies are necessary to clarify the exact mechanisms by
which oxytocin affects histological changes in the rat model
of ligature-induced periodontitis.

Periodontitis is a multifactorial disease in that perio-
dontopathogens induce inflammatory infiltration with the
recruitment of polymorphonuclear neutrophils, leukocytes,
and macrophages (Hajishengallis et al. 2015). Neutrophils
degranulate large quantities of tissue-destroying enzymes
(e.g., matrix metalloproteinases) and generate reactive
oxygen species; these cells release several proinflamma-
tory cytokines, such as TNF-a, IL-6, and M-CSF, which
are involved in inflammation responses and bone resorp-
tion (Cavalla et al. 2014) and act through the RANK/
RANKL/OPG pathway (Barbato et al. 2015). Studies
using animal models have reported that oxytocin may
help decrease the levels of circulating proinflammatory
cytokines (Akman et al. 2015; Tugtepe et al. 2007) and
neutrophil infiltration to the injury site (Al-Amran and
Shahkolahi 2014; Iseri et al. 2005). One study has shown
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that oxytocin inhibits lipopolysaccharide-stimulated pro-
inflammatory cytokine secretion from macrophages and
endothelial cells (Szto et al. 2008). In the present study,
although TNF-a, IL-6, and M-CSF levels increased in the
ligature-induced periodontitis, they decreased significantly
with oxytocin administration. These results suggest that
oxytocin may control the cytokine response by inhibiting
the overexpression of TNF-a, IL-6, and M-CSF.

The RANK/RANKL/OPG pathway controls osteoclast
development, differentiation, activation, and function and
mediates bone loss in periodontitis. RANK and RANKL
are involved in bone resorption during periodontitis
because of the osteoclast differentiation enhancement and
osteoclastogenesis stimulation (Mori et al. 2013). Several
studies using rats have demonstrated that intramuscular or
intraperitoneal injection of oxytocin decreases serum lev-
els of calcium and the RANKL soluble receptor activator,
increases OPG levels, and has a slight effect on bone ref-
ormation (Elabd et al. 2007; Moghazy et al. 2020). In the
present study, we measured the levels of RANKL, OPG,
and MMP-8 in serum to evaluate the effects of oxytocin on
alveolar bone turnover. Similar to those from other studies
(Elabd et al. 2007; Gonzalez-Reyes et al. 2015), the data
from the present study showed that the OPG value was
lowest and the RANKL value was highest in the periodon-
titis + saline group. Although the RANKL level decreased
with the higher dose of oxytocin, the OPG level increased.
The MMP-8 value also decreased with both the high and
low doses of oxytocin. The results of the present study
suggested that oxytocin may be an effective agent for pre-
venting alveolar bone loss.

Although the data in the literature have presented con-
vincing evidence that oxytocin decreases the levels of oxi-
dative stress markers in different tissues and cells, there
are no data on periodontal changes from oxytocin (Iseri
et al. 2005; Gonzalez-Reyes et al. 2015; Houshmand et al.
2015); however, several studies have demonstrated that
oxytocin decreases the concentration of MDA in plasma
and tissues (Imani et al. 2015; Iseri et al. 2008). Stanic
et al. (2016) have reported that oxytocin decreases total
lipid hydroperoxide and increases the activity of SOD in
the plasma of rats chronically treated with corticosterone.
No difference in MDA concentration among the exper-
imental groups was observed. In the present study, the
MDA levels were lower in the oxytocin groups than in the
periodontitis + saline group; however, the GPx and SOD
levels were statistically higher in the oxytocin groups than
in the periodontitis + saline group.

Among the limitations of our study are the fact that
only serum biomarkers of oxytocin were examined, and for
now, it has been studied only in rats. Our study highlights
the importance of oxytocin in preventing periodontitis, a
chronic inflammation affecting approximately 50% of the
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global population (Kononen et al. 2019), by evaluating
serum biomarkers.

Considering the results of the present study, we sug-
gest that oxytocin may prevent the destruction of peri-
odontal tissue by regulating oxidative stress in induced
periodontitis and that there is strong evidence that oxy-
tocin is crucial for preventing the progression of peri-
odontitis. Our findings enhance the understanding of the
pathological mechanisms of periodontitis and provide
a possible diagnostic and therapeutic target for the dis-
ease; therefore, we suggest that additional studies are
needed to determine the mechanism by which oxytocin
provides a protective and preventive effect on periodontal
tissue. In further studies, the effects of oxytocin on the
local inflammation process may be evaluated by focus-
ing on biomarkers isolated from the gingival tissues. We
believe that in the future, oxytocin or similar modulating
anti-inflammatory agents will be able to prevent by host
modulation therapy devastating and chronic inflamma-
tion such as periodontitis.

Conclusion

The administration of systemic oxytocin exerted positive
effects on the progression of induced periodontitis in rats
because it increased bone volume/tissue volume, decreased
bone resorption, and decreased oxidative stress and inflam-
mation in the experimental model of periodontitis.
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