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Abstract
Omega-3 and probiotics were shown to improve periodontal health by modulating the host immune response. Recently, the 
combination of omega-3 and probiotics has been shown to have a potential synergistic effect on host modulation. The aim 
of this study was to evaluate the prophylactic role of an omega-3 and probiotic combination on alveolar bone loss (ABL) via 
inflammatory response in an experimental periodontitis model. Forty-three rats were divided into 5 groups as control (C, 
n = 8), periodontitis (P, n = 8), omega-3 + periodontitis (O, n = 8), probiotic + periodontitis (Pro, n = 10), and omega-3 + pro-
biotic + periodontitis (OPro, n = 9). Additionally to a standardized diet, omega-3 and/or probiotics were supplemented with 
oral gavage to the O, Pro, and OPro groups for 44 days. Periodontitis was induced by ligature to the P, O, Pro, and OPro 
groups on the 30th day for 2 weeks. ABL levels were measured histopathologically, and serum interleukin (IL) 1β, IL6, 
and IL10 levels were analysed by enzyme-linked immunosorbent assay. ABL increased in all periodontitis groups (P, O, 
Pro, and OPro), compared to C group. Compared to P group, all oral gavage groups (O, Pro, and OPro) revealed decreased 
ABL, which was lowest in OPro group. IL1β and IL6 decreased and IL10 increased in OPro group, compared to P group. 
In conclusion, prophylactic administration of omega-3 and probiotic combination reduced ABL and improved serum IL1β, 
IL6, and IL10 levels more than their single use.
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Introduction

Periodontitis is a multifactorial chronic disease that includes 
infection on the one hand and individual susceptibility 
related to immune and inflammatory response on the other. 
Low-grade inflammation has an important role for many sys-
temic conditions and in the relationship between periodontal 
disease and systemic diseases [1].

Omega-3, high amounts of which are found in fish oil, 
is a very important essential fatty acid in the regulation 
of inflammatory response [2]. It affects the host immune 
system by various mechanisms, including inhibition of leu-
cocyte chemotaxis and eicosanoids, increasing production 
of proresolving lipid mediators [2]. It has been shown that 
omega-6, eicosapentaenoic acid (EPA), and docosahexae-
noic acid (DHA) ratios may change in response to diet, lead-
ing to an altered cell signal–mediated gene expression and 
lipid mediator production pattern [2].

Probiotics are microorganisms that provide beneficial 
effects to the host by regulating factors associated with the 
host or the surrounding microbial community [3]. It has 
been indicated that probiotics can contribute to the host 
defence system and have beneficial effects on the treat-
ment of metabolic disorders through many mechanisms, 
including suppression of harmful pathogens, regulation of 
inflammatory mediators, and maintaining oxidative balance 
[4]. Multi strains (Lactobacillus [L. casei, L. plantarum, L. 
acidophilus, and L. delbrueckii subspecies bulgaricus (L. 
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bulgaricus)], Bifidobacterium (B. longum, B. breve and B. 
infantis), and Streptococcus salivarius subspecies thermo-
philus (S. thermophilus) containing probiotic (VSL#3, VSL 
Pharmaceuticals, Gaithersburg, Maryland, USA) were also 
reported to be more efficient than single species via possible 
synergistic mechanisms [5].

The effects of omega-3 [6–10] and probiotics [11–17] 
on periodontal disease pathogenesis have been indicated in 
many reports. It can be deduced that both omega-3 [18, 19] 
and probiotics [13] may improve periodontal health, mainly 
by modulating host defence and inhibiting bacterial patho-
gens. In experimental studies, omega-3 [6, 7] or probiotics 
[11, 12, 14, 15] were shown to reduce bone loss by modulat-
ing immune response and/or bacterial microbiota.

In terms of periodontal destruction, cytokines such as 
interleukin (IL) 1β, IL6, IL18, and their regulators IL10 and 
IL11 come to the fore [20]. IL1β and IL6 were shown to be 
increased in patients with periodontitis and decreased after 
treatment [21]. On the contrary, IL10 was reported to inhibit 
bone loss and could have a therapeutic effect on periodontitis 
[22].

Recently, omega-3 and probiotics have been reported to 
have a potential effect on reducing low-grade inflamma-
tion and combination of omega-3, and probiotics may be 
beneficial on immune response and inflammatory diseases 
[23]. Therefore, we hypothesized that a combination of 
omega-3 and probiotics may have positive synergistic effects 
on periodontal pathogenesis. The aim of this study was to 
evaluate the preventive role of the combination of omega-3 
and probiotics on alveolar bone loss (ABL) in a ligature-
induced periodontitis model and to investigate the role of 
serum inflammatory biomarkers (IL1 β, IL6, and IL10) in 
this relationship.

Material and Methods

Animals and Experimental Design

Ethical approval was obtained from the Süleyman Demirel 
University Animal Experiments Local Ethics Committee 
with the decision number 05.05.2018, 13/06. Fifty adult 
male Wistar albino rats (6–8 weeks old, 246.56 ± 17.4 g) 
were used in the study. The experimental period is dem-
onstrated in Fig. 1. Following the 7-day acclimatization 

period, rats were fed a standardized ad libitum diet and water 
in Euro type IV cages, maintained at 21–23 ˚C heat and 
55–60% humidity, with 12 h of light and 12 h of darkness 
for 44 days. Five groups were created randomly as: control 
(C, n = 10), periodontitis (P, n = 10), omega-3 + periodon-
titis (O, n = 10), probiotic + periodontitis (Pro, n = 10), and 
omega-3 + probiotic + periodontitis (OPro, n = 10). A com-
bination of 80 mg/kg ketamine hydrochloride and 10 mg/kg 
xylazine was used for the induction of experimental peri-
odontitis and scarification [14].

Induction of Periodontitis

In order to evaluate the preventive role of omega 3 and pro-
biotics, experimental periodontitis was induced in the P, O, 
Pro, and OPro groups on the 30th day for 2 weeks by placing 
sterile 3.0 silk sutures around the maxillary 2nd molar teeth 
[14]. The ligatures were checked weekly, and the displaced 
ones were relocated.

Omega‑3 and Probiotic Administration

In addition to the standardized ad libitum diet, O, Pro, and 
OPro groups were fed once a day, with omega-3, probiotics, 
or a combination in 1 ml saline for 44 days by oral gav-
age; 60% EPA and 40% DHA containing omega-3 fish oil 
(Voonka fish oil omega-3, Eczacıbaşı, İstanbul, Turkey) at 
a dose of 40 mg/kg [8], and L. casei, L. plantarum, L. aci-
dophilus L. bulgaricus, B. longum, B. breve, B. infantis, and 
S. thermophilus strains containing probiotic (VSL#3, VSL 
Pharmaceuticals, Gaithersburg, Maryland, USA), at a dose 
of 13 ×  109/kg that includes total amount of bacteria, were 
used [24].

Blood Serum Analyses

At the end of the study, all rats were anesthetized, approxi-
mately 10 ml of blood was taken from the vena cava inferior 
into separator gel-containing tubes, and the animals were 
sacrificed. Blood samples were centrifuged for 10 min at 
3000 rpm, and serum samples were obtained and frozen 
at − 80 ºC until the analysis. Serum IL1β [Rat Interleukin 
1β ELISA Kit (E0119Ra), Bioassay Technology Labora-
tory, Shanghai, China], IL6 [Rat Interleukin 6 ELISA Kit 
(E0135Ra), Bioassay Technology Laboratory, Shanghai, 
China], and IL10 [Rat Interleukin 10 ELISA Kit (E0108Ra), 
Bioassay Technology Laboratory, Shanghai, China] levels 
were measured by enzyme-linked immunosorbent assay 
using commercial kits. The sensitivity of the kits was 
10.27 pg/ml, 0.052 ng/l, and 1.51 pg/ml, respectively.Fig. 1  Demonstration of the experimental period
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Measurement of ABL

Maxilla was dissected, and soft tissues were removed manu-
ally, separated into halves, and kept in hydrogen peroxide 
(3%, 4ºC) for 24 h. Defleshed halves were cleaned with 
distilled water and stained with 1% methylene blue dye for 
1 min to demarcate the cementoenamel junction [25]. For 
measurement, the occlusal plane of the 2nd molar teeth was 
placed perpendicular to the ground, and photographs from 
the buccal and lingual aspects were taken, using a stere-
omicroscope (Olympus CX41, Olympus Co., Tokyo, Japan) 
under × 20 magnification. ABL was measured as the distance 
from alveolar bone crest to cementoenamel junction from 
three points at the mesial, middle, and distal sites of both 
buccal and lingual aspects by a software program (Database 
Manual Cell Sens Life Science Imaging Software System, 
Olympus Co., Tokyo, Japan). Eventually, six measurements 
were recorded, and ABL was identified by calculating arith-
metic mean values [26].

Statistical Analysis

The estimated sample size was determined based on previ-
ous reports [8, 16]. A power of > 95% (effect size = 1.21, 
α = 0.05) was achieved for ABL using a digital program 
(G*power, v.3.1.9.2 for Windows, University of Kiel, Kiel, 
Germany). Variables were analysed by a statistics packet 
program (SPSS 15.0, SPSS Inc., Chicago, IL, USA). Results 
are given as mean ± standard deviation. A nonparametric 
Kruskal–Wallis test was performed for comparisons, and 

intergroup differences were detected by Mann–Whitney U 
test. P < 0.05 was considered to indicate statistical difference.

Results

Two rats from C, P, and O groups and a rat from OPro group 
died from anaesthesia-related complications during the 
induction of periodontitis, and the study was completed with 
43 rats. Body weights at baseline and at the end of the study 
were similar among groups (P > 0.05). The ligature-induced 
periodontitis model was successfully accomplished, and 
ABL was increased in all periodontitis groups (P, O, Pro, 
and OPro), compared to C group (P < 0.05) (Fig. 2). Com-
pared to P group, O (P = 0.009), Pro (P = 0.001), and OPro 
(P = 0.001) groups indicated lower levels of ABL. Addition-
ally, OPro group had decreased levels of ABL compared to 
O (P = 0.027) and Pro groups (P = 0.000), although there 
was no significant difference between O and Pro groups 
(P = 0.424) (Table 1).

The levels of serum inflammatory parameters are shown 
in Table 1. IL1β increased in P (P = 0.016) and O (P = 0.021) 
groups, compared to C group and decreased in O (P = 0.793), 
Pro (P = 0.008), and OPro (P = 0.016) groups, compared to 
P group. Similarly, IL6 increased in P (P = 0.009) and O 
(P = 0.012) groups compared to C group and decreased in 
Pro (P = 0.374) and OPro (P = 0.003) groups, compared to 
P group. The lowest levels of IL1β and IL6 were shown in 
OPro group. By contrast, the level of IL10 was lower in P 
(P = 0.005) and O groups (P = 0.003), compared to C group, 

Fig. 2  Histomorphometric appearance of alveolar bone loss (ABL). 
Increased ABL levels are shown in (b), (c), (d), and (e), compared to 
(a), and decreased levels are revealed in (c), (d), and (e), compared 
to (b). Arrows indicate cementoenamel junction. Bars = 1  mm. (a): 

control group; (b): periodontitis group; (c): omega-3 + periodonti-
tis group; (d): probiotic + periodontitis group; (e) omega-3 + probi-
otic + periodontitis group
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and higher in Pro (P = 0.374) and OPro groups (P = 0.027), 
compared to P group.

Discussion

To date, there has been no report investigating the combined 
effects of omega-3 and probiotics on periodontal pathogen-
esis. In our study, we demonstrated, for the first time, that 
prophylactic administration of a combination of omega-3 
and probiotics decreased ABL more than single usage of 
them, and serum inflammatory biomarkers may play a role 
in this relationship.

Omega-3 and probiotics were thought to have similar 
positive effects on the host immune system, so the com-
bination of omega-3 and probiotics may have synergistic 
effects [27]. Actually, probiotics were reported to change 
the fatty acid composition of tissue [28, 29] and increase 
DHA levels [28]. On the other hand, omega-3 may help the 
probiotic bacteria attach to the intestinal wall [30]. Recently, 
it was indicated that combination of omega-3 and probiotics 
may be beneficial in regulating immune response and gut-
brain-axis communication, and combining of omega-3 and 
probiotics could have a potential effect on preventing low-
grade inflammation [23] which has also a crucial role in the 
pathogenesis of periodontal diseases [1].

It is stated that the main factor for the onset and spread 
of periodontitis is specific bacterial plaque, but the result-
ing tissue destruction occurs predominantly through the 
host inflammatory response [31]. To evaluate the effects of 
omega-3 and probiotics on ABL via inflammatory response, 
an experimental periodontitis model was used. The ligature 
model has been reported to induce bone loss and inflamma-
tion similar to periodontitis in humans and is more effec-
tive than oral gavage methods [32]. Although the ligature 

induction period varies between studies, a 14-day period was 
shown to be sufficient for ABL [25]. Similarly, we indicated 
that ABL increased in all ligature-induced periodontitis 
groups (P, O, Pro, and OPro), compared to C group. Also, 
elevated IL1β and IL6 together with decreased IL10 levels 
in P group compared to C group are in accordance with the 
literature [21, 33].

Many reports have been presented evaluating the effects 
of omega-3 or probiotics on periodontal disease. Dietary 
supplementation with 10% fish oil was reported to reduce 
ABL and have potential benefits as a host modulatory agent 
in periodontitis [6]. Umrania et al. [9] demonstrated that 
dietary omega-3 supplementation, as an adjunct to scal-
ing and root planing (SRP), reduced salivary IL1β levels in 
patients with chronic periodontitis and has been suggested 
for use as an adjunctive management of chronic periodonti-
tis. Omega-3 plus low-dose aspirin were shown to decrease 
gingival crevicular fluid (GCF) IL1β and IL10 levels and 
improve clinical periodontal parameters [10]. Azuma et al. 
[34] indicated decreased periapical bone IL1β and IL6 and 
increased IL10 levels following omega-3 administration. 
Kesavalu et al. [7] presented that rats treated with fish oil 
had significantly less ABL and decreased IL1β gene expres-
sion, although there was no apparent effect on IL6 and IL10 
gene expressions.

By contrast, Vardar-Sengul et al. [8, 35], who also sup-
plemented a dose of 40 mg/kg omega-3 by oral gavage, indi-
cated that omega-3 administration was ineffective at reducing 
ABL, while increasing serum IL1β levels. It has been demon-
strated that omega-3 fatty acids reach maximum membrane 
concentration on the 14th day and show an anti-inflammatory 
effect [36], and to achieve an anti-inflammatory effect, the 
amount of omega-3 fatty acids must be at least 30 mg/kg [2]. 
Similarly to Vardar-Sengul et al. [8, 35], omega-3 at a dose 
of 40 mg/kg was applied in our study. Unlike Vardar-Sengul 

Table 1  Comparisons of ABL 
and serum biomarkers (mean 
[standard deviation])

ABL alveolar bone loss, C control group, P periodontitis group, O omega-3 + periodontitis group, Pro pro-
biotic + periodontitis group, OPro omega-3 + probiotic + periodontitis group, IL interleukin
a P values were computed with Kruskal–Wallis H tests
b Significantly different from C group (P < 0.05, Mann–Whitney U test)
c Significantly different from P group (P < 0.05, Mann–Whitney U test)
d Significantly different from O group (P < 0.05, Mann–Whitney U test)
e Significantly different from Pro group (P < 0.05, Mann–Whitney U test)

Parameters C (n = 8) P (n = 8) O (n = 8) Pro (n = 10) OPro (n = 9) Pa

ABL (mm) 0.22
(0.09)

0.7b

(0.04)
0.54bc

(0.12)
0.58bc

(0.06)
0.42bcde

(0.07)
 < 0.05

IL1β (pg/mL) 1972.87
(251.23)

2303.58b

(226.81)
2272.89b

(193.96)
1948.64 cd

(302.70)
1754.18 cd

(484.27)
 < 0.05

IL6 (ng/L) 6.86
(0.59)

7.46b

(0.45)
7.78b

(0.33)
6.79d

(1.14)
6.37 cd

(0.62)
 < 0.05

IL10 (pg/mL) 210.61
(26.43)

174.15b

(11.10)
160.77b

(21.92)
202.44d

(60.18)
209.97 cd

(47.7)
 < 0.05
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et al. [8, 35], who performed omega-3 supplementation for 
a period ranging from 14 to 28 days, a 44-day period was 
applied in our study.

Garcia et al. [11] reported that SRP with Saccharomy-
ces cerevisiae reduced ABL and IL1β levels and increased 
IL10 levels in a ligature-induced periodontitis model. They 
concluded that probiotics were effective at controlling peri-
odontitis. Oliveira et al. [15] presented that Bifidobacterium 
reduced ABL and IL1β, IL1β/IL10 but did not affect IL10 
levels. Maekawa and Hajishengallis [12] indicated that topi-
cal administration of L. brevis reduced ABL and decreased 
levels of IL1β and IL6 in an experimental study. In an api-
cal periodontitis model, lactobacillus species containing 
probiotic groups were shown to have a smaller periapical 
lesion area, lower IL1β and IL6, and higher IL10 levels, as 
compared with the control group [37]. Contrary to Cosme-
Silva et al. [37], L. reuteri containing chewing gum did not 
show any significant effect on GCF IL1β, IL6, and IL10 lev-
els, although bleeding on probing was improved, and GCF 
volume was decreased in patients with moderate gingival 
inflammation [17].

It has been demonstrated that probiotic supplementations 
in drinking water in ligature-induced periodontitis models 
significantly reduced ABL [14]. In addition to decreased 
ABL levels, Messora et al. [14] also indicated reduced IL1β 
and increased IL10 levels. Similarly to Messora et al. [14], 
whose study includes 44 days of bacillus species adminis-
tration in drinking water, which started 30 days before the 
induction of ligature-induced periodontitis, and we followed 
the same protocol, but used multi probiotics in oral gavage.

A high concentration of multi species (L. casei, L. plantarum, 
L. acidophilus, L. bulgaricus, B. longum, B. breve, B. infan-
tis, and S. thermophilus) containing probiotic was used in this 
study. The purpose of using large numbers of different strains 
together was to obtain high efficiency on probiotic action includ-
ing competing with pathogenic bacteria, inhibition of bacterial 
translocation, reinforcement of mucosal defence, and modulating 
of mucosal cytokine production via possible synergistic mecha-
nisms among them. As a matter of fact, multi species bacteria 
containing VSL#3 were reported to have an immunomodulatory 
function such as decreased neutrophil activity and proinflamma-
tory cytokine production, together with an increased anti- 
inflammatory response [5]. Also, Salmonella-induced disintegrated  
intestinal barrier was shown to be prevented by VSL#3 [38]. 
Hence, it can be concluded that immunomodulatory function, 
maintaining of epithelial integrity, and metabolic effects have 
been thought to be the key factors in the action mechanisms of 
probiotic bacteria [5].

In literature, generally, a single-species probiotic was 
studied, and there has been no study evaluating a combi-
nation of lactobacillus, Bifidobacterium, and streptococcus 
species containing probiotic on periodontal pathogenesis. 
Multi probiotic supplementation, which was used in our 

study, was reported to inhibit IL1β levels [39] and to improve 
plasma IL6 [40] and IL10 levels [40]. Esposito et al. [24] 
demonstrated that multi probiotics were able to modulate the 
nuclear factor kappa B pathway and reduce inflammatory 
response in patients with non-alcoholic fatty liver disease. 
Similarly to Esposito et al. [24], multi probiotics, at a dose 
of 13 ×  109/kg/day, by oral gavage were applied in our study.

The present study revealed that ABL was significantly 
reduced in O, Pro, and OPro groups, compared to C group. 
In accordance with our study results, most of the studies indi-
cated decreased bone ABL levels after omega-3 or probiot-
ics supplementation. Moreover, OPro group had the lowest 
levels of ABL, thus seeming to confirm a synergistic effect 
of omega-3 and probiotic on ABL. However, there were con-
flicting results of omega-3 and probiotics on inflammatory 
cytokines and bone biomarkers. We indicated that none of the 
serum parameters but IL1β, which was lower in Pro group, 
was significantly different in O or Pro groups, compared to P 
group. However, relative to P group, statistically insignificant 
decreases were observed in IL1β and IL6 levels in O and Pro 
groups, together with an increase in IL10 levels in Pro group. 
Additionally, all evaluated serum markers were only signifi-
cantly different between OPro group and P group. There was 
a limited study evaluating the combined effects of omega-3 
and probiotics on inflammatory mediators. Kobyliak et al. 
[41] indicated that an 8-week coadministration of omega-3 
and multispecies probiotics was able to reduce serum IL1β, 
TNFα, IL8, IL6, and interferon gamma levels in patients with 
non-alcoholic fatty liver disease.

Although we did not intend to compare omega-3 and pro-
biotics, it can be thought that probiotics contributed more 
than omega-3 to the significant differences observed in OPro 
group. Methodological variations between studies are con-
sidered to play a role on insignificant results, and to date, 
no periodontal study has been reported using lactobacil-
lus, Bifidobacterium, and streptococcus species containing 
probiotics. Thus, we suggest that an omega-3 and probiotic 
combination may synergistically reduce the inflammatory 
response by modulating IL1β, IL6, and IL10 levels.

There has been no consensus on studies regarding the 
content, dose, application method, and periods of omega-3 
or probiotic administrations in experimental periodontitis 
models. The fact that the studied markers have different 
effects on the immune-inflammatory system through differ-
ent pathways makes it difficult to interpret our results, in 
terms of revealing their effects on periodontal pathogenesis. 
Additionally, omega-3 and/or probiotics may also modulate 
the bacterial environment that may affect ABL and inflam-
matory biomarkers, which also needs to be investigated.

In conclusion, the results of the study indicate that a 
prophylactic administration of the combination of omega-3 
and probiotics may reduce ABL and inflammatory response, 
leading to improvements of serum IL1β, IL6, and IL10 
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levels, in comparison to their single use. It can be stated that 
the combination of omega-3 and probiotics is promising in 
the development and prevention of periodontal disease, and 
our study results are likely to be supported by future studies.
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