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ABSTRACT

Aim: Omega 3 and probiotics have been demonstrated to have beneficial effects in periodontal disease pathogenesis. Inducible
nitric oxide synthase is an important mediator regulating immune response. The objective of this study was to compare the
impacts of omega 3 and probiotic supplementation on alveolar bone loss and gingival inducible nitric oxide synthase levels in an
experimental periodontitis model.

Material and Methods: Thirty-two rats were separated into 4 equal groups as control, periodontitis, omega 3, and probiotic.
Omega 3 or probiotic was supplemented by oral gavage and experimental periodontitis was induced to the rats in periodontitis,
omega 3, and probiotic groups by ligature. Alveolar bone loss was measured histometrically. The number of neutrophils was
counted and gingival inducible nitric oxide synthase levels were analysed immunohistochemically.

Results: Alveolar bone loss significantly increased in periodontitis induced groups, compared to control group and decreased in
omega 3 and probiotic groups, compared to the periodontitis group (p <0.05). Probiotic group had further decrease in alveolar
bone loss than the omega 3 group (p <0.05). The number of neutrophils and gingival inducible nitric oxide synthase levels were
higher in the periodontitis, omega 3, and probiotic groups than those in the control group, and decreased in omega 3 and
probiotic groups, compared to the periodontitis group (p <0.05).

Conclusion: We suggest that omega 3 and probiotic administrations could reduce alveolar bone loss by decreasing gingival
inducible nitric oxide synthase. Probiotic support seems to have more beneficial reducing alveolar bone loss, compared to
omega 3.
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Amagc: Omega 3 ve probiyotiklerin periodontal hastalik patogenezinde yararli etkilerinin oldugu gésterilmistir. Indiiklenebilir
nitrik oksit sentaz immiin yaniti diizenleyen 6nemli bir mediyatordiir. Bu galismanin amaci, deneysel periodontitis modelinde
omega 3 ve probiyotik destedinin alveoler kemik kaybi ve diseti indiiklenebilir nitrik oksit sentaz seviyeleri (izerine olan etkilerini
karsilastirmaktir.

Gereg ve Yontem: Otuz iki sigan kontrol, periodontitis, omega 3 ve probiyotik olarak 4 esit gruba ayrildi. Omega 3 ve
probiyotik oral gavajla uygulandi ve periodontitis, omega 3 ve probiyotik gruplarindaki siganlara ligatiir kullanilarak deneysel
periodontitis olusturuldu. Alveoler kemik kaybi histometrik olarak 6lglildi. Notrofil sayisi hesaplandi ve diseti indiiklenebilir nitrik
oksit sentaz seviyeleri imminohistokimyasal olarak degerlendirildi.

Bulgular: Alveoler kemik kaybi periodontitis indiiklenen gruplarda kontrol grubuna gére anlamli derecede artti ve periodontitis
grubuna kiyasla omega 3 ve probiyotik gruplarinda azaldi (p <0.05). Alveoler kemik kaybi, probiyotik grubunda omega 3
grubuna gore daha fazla azaldi (p <0.05). Notrofil sayilar ve diseti indiiklenebilir nitrik oksit sentaz seviyeleri kontrol grubuna
gore periodontitis, omega 3 ve probiyotik gruplarinda daha yiiksekti ve periodontitis grubuyla kiyaslandidinda omega 3 ve
probiyotik gruplarinda azaldi (p <0.05).

Sonug: Omega 3 ve probiyotik desteginin diseti indiiklenebilir nitrik oksit sentaz seviyelerini azaltarak alveoler kemik kaybini
dusurebildigini 6ne stirmekteyiz. Alveoler kemik kaybini azaltmada probiyotik destegdi, omega 3 ile karsilastirildiginda daha yararli
goriinmektedir.
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INTRODUCTION

Periodontitis is one of the most prevalent
diseases worldwide and its prevalence increases gra-
dually with age.! Dental plaque initiates an inflamema-
tory response in the gingiva and inflammation leads
dramatic consequences on periodontal tissues in
susceptible patients.2

The effects of adjunctive treatments on perio-
dontal disease pathogenesis have been investigated
for a period of time. Omega 3 is an essential fatty acid
and has beneficial effects in various inflammatory
diseases via modulating inflammatory mediators,
oxidetive response, lipids,® and pathogenic bacteria.*
Similarly, probiotics, live microorganisms which are
benefitcial on host health,®> improve immune response®
and regulate microbiota.” Omega 3810 and
probiotics!!’> have been reported to improve clinical
periodontal parameters in humans and reduce alveolar
bone loss (ABL) in experimental studies,'6-2! although
some researchers could not indicate a significant
difference.?226

Nitric oxide synthase (NOS) is an enzyme
which takes part in the synthesis of nitric oxide (NO),
an important molecule in several biological activities
such as regulation of vascular tonus and immune
response. NOS has 3 isoforms known as inducible NOS
(INOS), endothelial NOS (eNQOS), and neuronal NOS
(nNOS). NO is vital for inflammatory and immune
response, however its excessive amounts could be
toxic and associated with different diseases, thus dual
activity of iNOS related NO is mostly affected by
concentration.?’

Proinflammatory cytokines and lipopolysaccha-
rides (LPS) were shown to stimulate iNOS synthesis in
periodontal ligament cells.?® Increased gingival iNOS
mRNA levels were demonstrated in inflamed tissue
and it was suggested that iINOS may have a role in the
inflammatory response of periodontitis.2® Many reports
indicated that omega 33°32 and probiotics®3* were
able to reduce iNOS. Probiotic administration was also
presented to decrease salivary NOS in patients with
chronic periodontitis.3>

It seems that both omega 3 and probiotics may
have beneficial effects on host immune system via
similar pathways and a possible synergistic mechanism
between these adjuvants has recently been repor-
ted,®® however none of the previous studies have
compared their effects. The purpose of this study was
to exhibit and compare the effects of omega 3 and
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probiotic supplementation on ABL and gingival iNOS
levels in a ligature-induced periodontitis model.

MATERIALS AND METHODS

Ethics was provided by the Sileyman Demirel
University Animal Experiments Local Ethics Committee
(No: 05.05.2018, 13/06). Thirty-two adult Wistar
albino rats (224.78+16.73 g) were separated into 4
equal groups (n=8) as control (C), periodontitis (P),
omega 3 (03), and probiotic (Pro). The study was
conducted for a period of 44 days and rats were kept
in standardized cages in a room at 21-23°C heat and
55-60% humidity, with 12 hours of light and 12 hours
of darkness.

Experimental Period

During the induction of experimental periodon-
titis and sacrification, 80 mg/kg ketamine hydrochlo-
ride and 10 mg/kg xylazine combination was used.?
After anaesthesia, sterile 3.0 silk sutures were ligated
in a subgingival position around the cervix of maxillary
2" molars of the rats in the P, O3, and Pro groups on
the 30" day for two weeks.3” In order to prevent the
movement of the ligature, two knots were placed at
the mesio-buccal side of the 2" molars.

All rats were fed ad /ibitum with standard pellet
diet and water. In addition to the ad /ibitum diet,
omega 3 or probiotics were supplemented to the rats
in the O3 and Pro groups, respectively. Omega 3 fish
oil including 60% EPA and 40% DHA (Voonka fish oil
omega 3, Eczacibagl, Istanbul, Turkey) at 40 mg/kg
dose?® and Lactobacillus (L. casei, L. plantarum, L.
acidophilus and L. delbrueckii subspecies bulgaricus),
Bifidobacterium (B. longum, B. breve and B. infantis),
and Streptococcus salivarius subspecies thermophiles
strains containing probiotics (VSL#3, VSL Pharma-
ceuticals, Gaithersburg, Maryland, USA) at 13x10°/kg
dose3® were applied in 1 ml saline via oral gavage
along the experimental period.

Histopathologic and Histometric
Examination

Harvested right maxilla samples were fixed in
neutral formalin (10%) and decalcified with 0.1 M
EDTA solution for 1 week. Samples were then
routinely processed, embedded in paraffin and cut into
5 um sections in the coronal plane of the tooth. Then
the samples were stained with hematoxylin and eosin
and evaluated by a light microscope under X10
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objective (Olympus CX41, Olympus Corporation,
Tokyo, Japan). ABL was measured histometrically in
the intermolar area of the first and second molars by
calculating the distance between cementoenamel
junction and alveolar bone crest.3® Additionally, count
of neutrophils in the junctional epithelium (JE) and
connective tissue (CT) was examined in an area of
0.05x .05 mm under a magnification of X400 (Olym-
pus CX41, Olympus Corporation, Tokyo, Japan).®
Analyses were performed using a digital programme
(Database Manual Cell Sens Life Science Imaging
Software System, Olympus Co., Tokyo, Japan).

Immunohistochemical Analysis

For immunohistochemistry, left maxillary halves
were immunostained with iNOS antibody using a
streptavidin biotin technique (Anti-iNOS antibody
[ab15323], Abcam, Cambridge, UK). Primary antibody
was used at a 1:100 dilution, incubated for a period of
60 min, and biotinylated secondary antibody and
streptavidin-alkaline phosphatase conjugate was used
for immunohistochemistry. A commercial kit (EXPOSE
Mouse and Rabbit Specific HRP/DAB Detection IHC Kit
[ab80436], Abcam, Cambridge, UK) was processed as
a secondary antibody and 3,3'-diaminobenzidine as
chromogen for 5 min. For negative controls, a primary
antiserum step was omitted. Analyses were performed
by a blinded examiner (0.0.). To evaluate the percen-
tage of positive stained cells, 100 cells were counted
in 10 different fields for each section under X40
objective (Olympus CX41, Olympus Corporation, Tokyo,
Japan) using a commercial analysis software (BAB
Bs200Pro Image Processing and Analysis Systems 4.0,
Ankara, Turkey).

Statistics

The power of the study was >99% for ABL
(effect size=4.03, a=0.05) (G*power, v.3.1.9.2 for
Windows, University of Kiel, Kiel, Germany). The nor-
mality of distribution was evaluated by the
Kolmogorov-Smirnov test, and Levene's test of
homogeneity of variance was applied. None of the
evaluated parameters was normally distributed.
Kruskal-Wallis test followed by Mann Whitney U test
was used to compare histopathological, histometric,
and immunohistochemical scores between the groups.
Calculations were made using a statistics programme
(SPSS 15.0, SPSS Inc., Chicago, IL, USA). Variables
were presented as meanzstandard deviation. p <0.05
was regarded as the significance.
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RESULTS

ABL was higher in the periodontitis groups (P,
03, and Pro), than the C group, and lower in the O3
and Pro groups, compared to the P group (p <0.05)
(Figure 1). Pro group demonstrated a significant
decrease in ABL, compared to the O3 group (p <0.05)
(Figure 2). The number of neutrophils in JE and CT
was significantly increased in the P, O3, and Pro
groups, than those in the C group, and reduced in the
03 and Pro groups, with no difference between them
(p >0.05), in comparison with the P group (p <0.05)
(Figure 3). Immunohistochemical images are shown in
Figure 4. Gingival iNOS was lower in the C group than
the other groups (p <0.05). Compared to the P group,
decreased numbers were obtained in the O3 and Pro
groups (p <0.05), although O3 and Pro groups had
similar levels (p >0.05) (Figure 5).

Figure 1. Histometric measurement of alveolar bone loss. A:
control group, B: periodontitis group, C: omega 3 group, D:
probiotic group. Red arrows indicate the distance between
the cementoenamel junction (CEJ) and alveolar bone crest
(ABC). D: dentin, P: pulp, Bars=200 pm
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Figure 2. Alveolar bone loss (ABL) levels among the groups.
C: control group, P: periodontitis group, O3: omega 3 group,
Pro: probiotic group. 2Significant difference compared to C
group (p <0.05), Significant difference compared to P group
(p <0.05), “Significant difference compared to O3 group (p
<0.05).
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Figure 3. The number of neutrophils in junctional epithelium
(JE) and connective tissue (CT). C: control group, P:
periodontitis group, O3: omega 3 group, Pro: probiotic
group. °Significant difference compared to C group (p
<0.05), ®Significant difference compared to P group (p
<0.05).

Figure 4. Inducible nitric oxide synthase expirations in
gingiva. A: Negative expiration in intact gingival mucosa in
control group, B: Marked expiration in numerous cells in
ulcerated gingival mucosa in periodontitis group, C:
Decreased expiration in some epithelial and mesenchymal
cells in omega 3 group, D: Moderate expiration in some
submucosal cells in probiotic group. Black arrow:
Immunohistochemically-positive stained cells. Bars=50 pm.

iNOS

C P 03 Pro

Figure 5. Immunohistochemically (IHC), the number of
inducible nitric oxide synthase (iNOS)-positive cells in gingiva.
C: control group, P: periodontitis group, O3: omega 3 group,
Pro: probiotic group. 2Significant difference compared to C
group (p <0.05), "Significant difference compared to P group
(p <0.05).
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DISCUSSION

There has been no study comparing the effects
of omega 3 and probiotics on ABL. We revealed that
both omega 3 and probiotic supplementation
decreased ABL. Additionally; probiotic administration
had higher reduction in ABL, compared to omega 3.
Furthermore, omega 3 and probiotic administrations
significantly suppressed gingival iNOS, which was
increased by periodontitis induction.

Omega 33 and probiotics’” could be beneficial
on host immune system by regulating various
inflammatory mechanisms. Moreover, they are able to
inhibit pathological microbiota.*” A number of studies
have been performed investigating the effects of
omega 3 and probiotics on periodontal disease.®1> In
humans, dietary supplementation with omega 3 in
addition to scaling and root planning (SRP) had higher
decreases in gingival index (GI), probing depth (PD),
and clinical attachment level (CAL), than SRP in
patients with chronic periodontitis and it was
suggested that omega 3 could be used as a modulator
in the treatment of periodontitis.’ In postmenopausal
women, omega 3 administration combined with SRP
indicated greater improvements in PD and CAL, than
SRP.1% In a recent study, Castro Dos Santos et al.®
presented increased clinical attachment gain in
pockets with PD =5 mm by omega 3 and aspirin
supplementation in addition to SRP in chronic patients
with type 2 diabetes. On contrary, Martinez et al.Z did
not demonstrate a significant effect of 1-year omega 3
administration with SRP on the clinical results in
chronic periodontitis patients. Keskiner et al.?? also
could not exhibit an effect of omega 3 on clinical
parameters of chronic periodontitis patients in a
randomized controlled clinical study with 6 months
follow-up.

Invernici et al.!! revealed that supplementation
of Bifidobacterium animalis subspecies lactis (B. lactis)
containing lozenges in addition to SRP had further
reductions in PD and CAL in chronic periodontitis.
Similarly, supplementation with yogurt containing B.
lactis for 28 days decreased levels of gingival
inflammatory markers including plaque index (PI), GI,
and bleeding on probing (BOP).!3 Meenakshi et al.!?
reported improved clinical periodontal parameters with
adjunctive administration of L. casei Shirota to SRP.
Lactobacillus reuteri (L. reuteri) supplementation to
initial periodontal treatment was suggested to be
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useful in moderately deep pockets.!* Tekce et al.'
also showed that SRP plus L. reuteri significantly
decreased PI, GI, BOP, and PD, compared to SRP
alone. On contrary, Pelekos et al.Z> did not indicate a
significant effect of L. reuteri supplementation on
clinical outcomes of patients with chronic periodontitis.
Montero et al.2* also reported that multi probiotic
administration did not lead to a change in GI, although
improved microbiological outcomes were observed in
patients with gingivitis.

In addition to the human studies, the role of

omega 3 and probiotics were researched in
experimental studies. Decreased ABL levels with
omega 3 supplementation were demonstrated

previously.16-18 Recently, omega 3 and/or aspirin was
exhibited to be effective reducing ABL by modulating
osteoclastogenesis.3! Furthermore, fish oil diet was
shown to decrease ABL in hypercholesterolemic rats
with  ligature-induced  periodontitis.#*  B. lactis
administration significantly decreased CAL and ABL in
an experimental periodontitis study.!® Garcia et al.2!
presented that local application of Saccharomyces
cerevisiae in combination with SRP significantly
decreased ABL in the furcation area of the mandibular
first molars of rats. They suggested that probiotic
supplementation alone or in addition to SRP were
effective in the management of periodontitis.
Foureaux Rde et al.?° also stated that probiotics could
reduce tissue destruction caused by periodontal
disease. On the other hand Vardar-Sengul et al.?®
could not indicate a significant effect of therapeutic
and/or prophylactic omega 3 administration on ABL,
although inflammatory markers were improved.

We presented that both omega 3 and probiotic
supplementation decreased ABL, and probiotic
supplementation reduced ABL much more than omega
3. Many adjunctive supports have been investigated
and researchers have been studying to explore the
optimum adjuvant in periodontal disease
pathogenesis. Recent studies have shown the
probable synergistic mechanisms between omega 3
and probiotics®®42 but there has been no study
whether these adjuvants have equal roles on host or
one of them is superior to other, thus the rationale of
this study was to compare the effects of these
adjuvants. The effects of omega 3 and probiotics on
periodontal pathogenesis may depend on the dose,
application method, and model used. Also lack of
microbiological outcomes, which were possibly
affected by omega 3 and probiotic administration,
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limited to comment on the results. Keskiner et al.??
revealed that the impact of omega 3 may be dose
dependent. Vardar-Sengul et al.?® asserted that 14
days of administration was not long enough to
demonstrate an effect on ABL.% Similarly to Vardar-
Sengul et al.?® we used omega 3 at 40 mg/kg dose but
contrary them, supplementation continued 44 days.
Our results are in accordance with the literature
exhibiting omega 3 or probiotics could reduce ABL.
Furthermore, probiotics were shown to be superior to
omega 3 regarding reducing ABL, which needs to be
explored further.

Omega 3 and probiotic supplementation was
shown to reduce gingival iNOS together with a
decrease in the count of neutrophils in both JE and
CT, compared to the P group. iNOS and NO are
regulatory molecules of host response in nature, and
high amounts of NO depending abnormal iNOS activity
plays a role in various diseases, thus iNOS has both
useful and harmful outcomes.?’ It has been
manifested that iNOS is synthesized by a stimulation
of proinflammatory mediators and LPS,%® and iNOS
derived NO is able to stimulate osteoclast
differentiation.*> In ligature-induced periodontitis
models, elevated gingival iINOS* and iINOS mRNA
levels®® were observed in the periodontitis groups,
compared to the controls. iNOS inhibition was also
improved clinical periodontal parameters and reduced
experimental gingivitis in dogs,* and decreased ABL in
an experimental periodontitis model.** In our study,
increased gingival iNOS levels in the P group,
compared to the C group supports previous studies.

Omega 3 administration was indicated to
decrease iINOS and NO in  LPS-stimulated
macrophages.3® a-linolenic acid, one of the fatty acids
in omega 3, was presented to downregulate iNOS
gene expression by impeding nuclear factor kappa B
and mitogen-activated protein kinase signaling.3? In a
recent study, omega 3 and/or aspirin decreased iNOS
protein synthesis in LPS-stimulated cells.3! Similarly,
Lactobacillus brevis (L. brevis) inhibited iNOS activity
which was induced by LPS.33 Treatment with Weissella
cibaria also reduced NO and iNOS expressions
together with mRNA levels of iNOS in LPS-induced
cells, indicating that probiotic administration was able
to inhibit NO by suppressing iNOS.3* In patients with
chronic periodontitis, supplementation of L. brevis
decreased salivary NOS activity.3> Authors suggested
that anti-inflammatory effects of L. brevis may be
depended on decreased iNOS activity and, therefore
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NO dependent prostaglandin E2 expression and matrix
metalloproteinase activation.3> Decreased iNOS levels
in the O3 and Pro groups, compared to the P group
confirm earlier findings.

Higher levels of gingival iNOS were reported in
patients with periodontal disease, compared to the
controls, and neutrophils were shown to express
substantial amounts of iINOS, which could be an
important  pathway in  periodontal disease
pathogenesis.*” When decreased neutrophil counts in
the O3 and Pro groups were considered, we suggest
that decreased inflammatory response may prevent
neutrophil recruitment in JE and CT which finally leads
to reduced iNOS production in the supplementation
groups, compared to the P group.

CONCLUSIONS

Within the limitations, we conclude that omega
3 and probiotics are able to reduce ABL by decreasing
gingival iNOS. Although probiotics likely to have better
contribution on reducing ABL than omega 3,
underlying biological mechanisms are needed to be
investigated.
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