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RIBEIRO, A.P.F. O exercicio fisico isolado ou combinado com o dmega-3 modula a
periodontite apical induzida em ratos. 2024. Tese (Doutorado) - Faculdade de
Odontologia, Universidade Estadual Paulista, Aragatuba, 2024.

Resumo

A periodontite apical (PA) é resultado da contaminacdo bacteriana no canal radicular e
sua progressao é altamente dependente da resposta imune do hospedeiro. O objetivo desse
trabalho foi investigar o impacto do exercicio fisico moderado, isoladamente ou em
combinagdo com a suplementagdo de dmega 3, na PA induzida em ratos, analisando o
perfil imuno inflamatorio, a presenca de bactérias no canal radicular e regido apical, a
perda Ossea e as fibras colagenas. Trinta ratos Wistar foram divididos em 3 grupos:
Controle; Exercicio fisico e Exercicio fisico + 6mega 3. O experimento iniciou com a
suplementacdo do O0mega 3, que durou 60 dias e foi administrada por gavagem. O
protocolo de natacdo ocorreu em duas etapas, adaptacdo ao ambiente aquatico e treino de
natagdo. A PA foi induzida no 30° dia e os ratos foram eutanasiados no 60° dia. Os molares
superiores foram processados e corados com Hematoxilina e Eosina (H&E), Brown
Brenn (BB) e Picrosirius Red (PSR) e imuno-histoquimica de interleucina 17 (IL-17),
fator de necrose tumoral alfa (TNF-a) e fosfatase acida resistente ao tartarato (TRAP) e
para analise micro tomogréafica. As analises de H&E, BB, IL-14 e TNF- o foram
realizadas por meio da atribuicdo de escores. As analises foram realizadas por meio da
atribuicdo de escores que foram submetidos aos testes de Kruskal-Wallis, Tukey Shapiro-
Wilk, Mann-Whitney e Analise de Variancia One Way, com significancia de 5%. A
intensidade do infiltrado inflamatorio foi maior no grupo controle (p<0,05). A atividade
fisica limitou a disseminacao de bactérias (p<0,05) e quando combinada com o 6mega-3,
apresentou maior percentual de fibras imaturas (p<0,05). O grupo controle apresentou
maior nimero de células positivas para TRAP (p<0,05). A natacdo por si sO, reduziu a
imunomarcacao de TNF-a e quando combinada com 6mega 3, reduziu a imunomarcagao
de IL-17. A anélise microtomografica mostrou que os animais que realizaram a natagdo
apresentaram menor perda de volume 6sseo alveolar (p< 0,05). A atividade fisica isolada
aprimorou 0s mecanismos de defesa, reduzindo a inflamacéo por meio da modulagéo do
TNF-a e controlando a contaminagdo bacteriana, enquanto sua combinagdo com dmega
3 melhorou ainda mais a modulacao inflamatoria por meio do controle da IL-17, reduziu
a perda de tecido 6sseo e estimulou a producdo de colageno para limitar a inflamacéo e
diminuir a atividade osteocléstica.

Palavras-chave: Periodontite Apical, natacdo, exercicio, endodontia, acido graxo dmega
3.



RIBEIRO, A.P.F. Physical exercise alone or combined with omega-3 modulates
apical periodontitis induced in rats. 2024. Tese (Doutorado) - Faculdade de
Odontologia, Universidade Estadual Paulista, Aragatuba, 2024.

Abstract

Apical periodontitis (AP) is the result of bacterial contamination of the pulp tissue and its
progression is highly dependent on the host's immune response. The objective of this
work was to investigate the impact of moderate physical exercise, alone or in combination
with omega 3 supplementation, on AP induced in rats, analyzing the immuno-
inflammatory profile, the presence of bacteria in the root canal and apical region, bone
loss and collagen fibers. Thirty Wistar rats were divided into 3 groups: Control; Physical
exercise and Physical exercise + omega 3. Omega 3 supplementation was administered
by gavage for 60 days. The swimming protocol occurred in two stages, acclimatization
to the aquatic environment and swimming training. AP was induced on the 30th day and
the rats were euthanized on the 60th day. The upper molars were processed and stained
with  Hematoxylin and Eosin, Brown Brenn and Picrosirius Red and
immunohistochemistry for IL-17, TNF-a.and TRAP and for micro tomographic analysis.
The analyzes were carried out by assigning scores that were submitted to the Kruskal-
Wallis, Tukey Shapiro-Wilk, Mann-Whitney and One Way Analysis of Variance tests,
with a significance of 5%. The intensity of the inflammatory infiltrate was greater in the
control group (p<0.05). Physical activity alone reduced immunostaining for TNF-a and
limited the spread of bacteria (p<0.05). Furthermore, when combined with omega 3, it
reduced immunostaining for IL-17 and presented a higher percentage of birefringent
structures of immature fibers (p<0.05). Microtomographic analysis showed that animals
that performed the physical activity of swimming had a smaller area of alveolar bone loss
(p< 0.05). The control group showed a greater number of TRAP-positive cells (p<0.05).
Physical activity alone enhanced defense mechanisms, reducing inflammation by
modulating TNF-o and controlling bacterial contamination, while combining it with
omega-3 further improved inflammatory modulation through IL-17 control, reduced bone
tissue loss, and stimulated collagen production to limit inflammation and decrease
osteoclastic activity.

Keywords: Apical periodontitis, swimming, exercise, endodontics, omega 3 fatty acid.
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1- Introduction

Apical periodontitis (AP) arises from the infiltration of microorganisms into the
root canal system (Nair, 2004). As the infectious process and associated inflammatory
response reach the apex of the tooth, a periapical lesion is developed. In an attempt to
suppress invading microorganisms, the host's inflammatory response intensifies the
process, leading to the recruitment of defense cells, the release of inflammatory mediators
and the resorption of bone tissue (Samuel et al., 2021; Azuma et al., 2021; Barreiros et
al., 2018). The amplification and progression of this process are highly dependent on the
host's immune response (Samuel et al., 2021, Cantiga-Silva et al., 2021).

Failure of the immune response to suppress bacteria can lead to an overactive
response from defense cells (Howait et al., 2019). Macrophages, T lymphocytes and other
cells release chemical mediators, such as tumor necrosis factor-alpha (TNF-a),
interleukin 17 (1L-17), prostaglandins and bradykinins, which, when present at high
levels, indirectly trigger osteoclastogenesis (Cintra et al., 2018). Furthermore, IL-17 is
capable of mediating host defense against bacterial infections or may contribute to
chronic inflammation, while TNF-a is associated with bone loss and stimulates the
synthesis of prostaglandins and proteases (Borgo et al., 2023, Almeida-Junior et al.,
2023).

Physical exercise is one of the strategies established to promote immunomodulation
to increase the host's immune response (Andrade et al., 2017), being among the most
influential factors in regulating the defense system, and can deeply sensitize it, making
the organism less susceptible to inflammation and infections (Shimojo et al., 2019,
Andrade et al., 2017). Regular, moderate-intensity activities can strengthen the immune
system throughout life, thereby suppressing the abnormal production of inflammatory
cytokines, facilitating the development of anti-infective and antioxidant agents,
increasing immune cell counts, and reducing tissue inflammation (Lombardi et al., 2019,
Guo et al., 2020; Simpson et al., 2015).

Omega-3 polyunsaturated fatty acids (ov-3 PUFAS) have been widely accepted as
dietary supplementation adjuvant to the treatment of chronic inflammatory diseases due
to their remarkable therapeutic effects (Deore et al., 2017, Azuma et al., 2017). -3
PUFAs, represented by eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA),
are capable of reducing inflammation, inhibiting bone resorption, suppressing the
synthesis of lipid mediators, reducing arachidonic acid levels, altering the functions of
polymorphonuclear leukocytes, modulate lymphocyte proliferation and the production of
pro-inflammatory cytokines, stimulating bone regeneration and increasing the host's
antioxidant capacity (Kesavalu et al., 2006, Iwasaki et al., 2010, Azuma et al., 2021) .
Furthermore, ®-3 PUFAS act by preventing the resorption of bone tissue (Azuma et al.,
2018). Specifically in dentistry, -3 PUFASs are being used in the treatment of gingivitis,
periodontal disease, AP and stomatitis (Azuma et al., 2022).

As there is still no study analyzing the effects of physical activity on AP the
objective of this study was to analyze, in Wistar rats, the impact that moderate intensity
physical activity, alone or combined with fatty acid, can have on infectious and
inflammatory oral diseases of endodontic origin. The null hypothesis tested was that



physical activity alone or combined with omega-3 will promote less bone loss and less
inflammation.

2- Methodology

2.1. Experimental Design

The experimental protocol was approved by the Animal Ethics Committee (CEUA
0062-2021) of the Sao Paulo State University (UNESP) School of Dentistry, Aracatuba
Sdo Paulo, Brazil, and the entire study was conducted in accordance with ARRIVE
guidelines.

Thirty male Wistar rats, aged 6 weeks and with body weight approximately 200g,
were included in the study. The rats were housed in a temperature-controlled room (25°C)
with a 12-hour light/dark cycle and received water and rodent food (ad libitum). The
exclusion criterion adopted was to remove from the study rats that were unable to perform
60 minutes of swimming at the end of the week of adaptation to the aquatic environment.

The sample size was determined based on previous studies (Conti et al., 2020), the
difference of 1 in the scores was considered significant, the alpha error was determined
at 5% and the power at 95%. The minimum number obtained in the sample calculation
was 7 rats per group, but for safety reasons, 3 more rats were added to each group, due to
the risk of losing rats during the experiments. The rats were randomly distributed into 3
groups (n= 10): Control (C)- rats with AP, without swimming training and without
omega-3; Physical Exercise (PE)- rats with AP, who performed moderate physical
exercise (swimming) and did not receive omega-3; Physical exercise + omega 3 (PEO)-
rats with AP, who underwent moderate physical exercise (swimming) and received
supplementation with omega 3.

2.2. Omega 3 supplementation

The rats in the PEO group received omega 3 (Omega-3 Catarinense; Laboratorio
Catarinense SA, Joinville, SC, Brazil) once a day, by gavage, at a dosage of 40 mg/kg
(60% EPA and 40% DHA), diluted in 1 ml of distilled water for 60 days (Azuma et al.,
2021). The rats were weighed twice a week to adjust the omega 3 dose. Rats in groups
control and PE received distilled water as a control for the same period.

2.3. Training protocol

Swimming training was performed in polypropylene tanks [100 cm (L) x 80 cm
(W) x 90 cm (H)], with water at a temperature between 32-34°C, where the rats were
continuously supervised. PVC pipes were placed inside the tanks, to serve as lanes, to
separate the rats during swimming, thus, 5 rats were placed per tank. All training sessions
were consistently scheduled at the same time of day. The exercise protocol occurred in
two stages: acclimatization to the aquatic environment and subsequent swimming training
(Plecevic et al., 2018, Cheng et al., 2018).



The acclimatization period lasted 6 days. On the first day, the rats from the PE and
PEO groups initiated their exercise with a 10-minute session. Thereafter, the exercise
duration increased by10 minutes/day, until on the sixth day the rats were performing the
swimming for 60 minutes. All rats were dried with cloth towels immediately every time
after they finish swimming. The seventh day of the adaptation week was a rest day for
the rats. All rats were able to perform 60 minutes of swimming on the sixth day of the
adaptation week.

In the second stage, the swimming training protocol remained constant as follows:
the rats swam 60 minutes/day, five days a week, for 6 weeks, with two days of weekly
rest. During the training sessions, the rats swam without adding overload. Group C rats
were placed in tanks with shallow water, for 1 minute a day, five days a week, for 6
weeks, to undergo the same water stimulus as the trained rats. After water activities, all
animals were dried with towels.

2.4. Induction of apical periodontitis

The rats were anesthetized by administering an intramuscular injection containing
87 mg/kg™ of ketamine (Vetaset; Fort Dodge Animal Health Ltd, S&o Paulo, Brazil) and
13 mg/kg* of xylazine (Coopazine; Coopers Ltd Brasil, Sdo Paulo, Brazil). The AP was
induced by exposing the pulp on the occlusal surface of the upper and lower right first
and second molars using round surgical burs (LN Long Neck Drill; Maillefer, Dentsply
Ind e Com Ltda, Petrépolis, RJ, Brazil). The pulps were exposed for 30 days, resulting in
the formation of a periapical lesion (Cintra et al., 2016).

2.5. Euthanasia

On the 60th day, the rats were euthanized with an overdose of sodium thiopental
anesthetic (240 mg/kg — Thiopentax, Cristalia Produtos Quimicos Farmacéuticos Ltda.).
The flowchart in figure 1 shows the entire experimental design of the study.
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Figure 1: Flowchart representing the study design.
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2.6. Sample processing

The right maxillae were collected and fixed in a buffered solution with 4%
formaldehyde, at neutral pH, for the first 22 h. Subsequently, the samples were washed
in running water for 12 hours. After washing, the maxillae were decalcified in 10% EDTA
(Sigma-Aldrich) for 3 months. After the demineralization process, the pieces were
washed again in running water, dehydrated in alcohol, clarified in xylene, and embedded
in paraffin. After inclusion, 5 um thick serial sections of the upper first molar were
prepared using a microtome (Leica - RM 2045). The sections were stained using either
the Hematoxylin and Eosin (H&E), the Brown Brenn (BB) techniques and Picrosirius
Red (PSR).

Immunohistochemical  analysis was conducted wusing the indirect
immunoperoxidase technique, for the marker’s TNF-o, 1L-17 and TRAP. Histological
sections from the maxillary molars were deparaffinized in xylene and then hydrated in
ethanol. Antigen retrieval was performed by inserting the slides in a citrate buffer solution
(Antigen Retrieval Buffer; Spring Bioscience, Pleasanton, CA, USA) in a pressurized
chamber (Decloaking Chamber; Biocare Medical, Concord, CA, USA) at 95° C for 10
min. The slides were washed with phosphate-buffered saline at the end of each phase of
the immunohistochemical reaction. The blade were placed in a 3% H.O> solution for 1
hour and 20 min and in 1% bovine serum albumin for 12 hours to block the activity of
endogenous peroxidase and nonspecific sites. The histological slides were incubated with
one of the primary antibodies’ antis— TNF-a and anti— IL-17 (Santa Cruz Biotechnology,
Santa Cruz, CA), and placed in a chamber for 24 hours. Slides were incubated with a
biotinylated secondary antibody for 1 hour and 30 min and treated with streptavidin-
horseradish peroxidase for 1 hour and 30 min (Dako Labeled Streptavidin-Biotin
Universal Kit; Dako Laboratories). The slides were washed with phosphate-buffered
saline and the reaction was developed using the chromogen 3,3'-diaminobenzidine
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tetrahydrochloride (DAB Chromogen kit; Dako Laboratories) and was counterstained
with Harris hematoxylin (Benetti et al., 2019).

2.7. Histologic and Immunohistochemical analysis

The intensity of periapical inflammation was analyzed in groups C, PE, and PEO,
by H&E staining, assigning the following scores: no inflammation (score 1: 0 > 10 cells),
mild inflammation (score 2: > 10 and < 25 inflammatory cells), moderate inflammation
(score 3: 25 — 125 inflammatory cells) and severe inflammation (score 4: > 125
inflammatory cells) (Cintra et al., 2016).

The presence of microorganisms was assessed by BB staining, by optical
microscopy with oil immersion, analyzing the thirds of the root canal and periapical
region, where Gram-positive bacteria were dark blue and Gram-negative bacteria were
red (Brown & Brenn, 1931). The modified scoring system of Samuel et al. (2019) was
used to detect bacterial penetration from the coronary third to the periapical region: score
0: absence of bacteria; score 1: presence of bacteria in the cervical third of the canal; score
2: bacteria in the middle third; score 3: bacteria in the apical third without involvement
of the foramen; score 4: presence of bacteria in the apical third with involvement of the
foramen; score 5: presence of bacteria in the periapical lesion.

The maturation levels of collagen fibers were evaluated through Picrosirius Red
(PSR) staining under polarized light microscopy. Greenish-yellow fibers were considered
immature and thin, while yellowish-red fibers were classified as mature and thick. After
color selection, the software automatically calculated the marked area of each type of
collagen fiber (Leica QWin V3, Leica Microsystems) (Benetti et al., 2020).

For immunohistochemical analyses, positive TNF-a and IL-17 immunolabeling
were defined by the brown color present in the cell cytoplasm and extracellular matrix.
The following scores were defined according to the number of immunoreactive cells and
intensity of immunostaining of the extracellular matrix: 0- complete absence of
immunoreactive cells; 1- extremely low immunoreactivity; 2- low immunoreactivity; 3-
moderate immunoreactivity; 4- high immunoreactivity; 5- extremely high
immunoreactivity (Cosme-Silva et al., 2019). Immunohistochemical analysis was
performed using the indirect immunoperoxidase technique (Benetti et al., 2018), for the
TRAP marker.

For immunohistochemical analyses, positive immunoreactivity was defined by the
brown color present in the cell cytoplasm and extracellular matrix. TRAP analyze were
performed considering the perimeter of bone resorption suffered by AP, followed by
counting TRAP-positive multinucleated cells. Finally, the ratio between positive cells and
perimeter size was determined (Azuma et al., 2017).

The analysis of inflammatory and immunological scores, as well as the assessment
of the presence of bacteria, was carried out by a blind calibrated researcher, so that there
was no influence on the interpretation of the data.



2.8. Micro tomographic analysis

The right jaws were scanned using the PCT system (Bruker SkyScan 1272,
Aartselaar, Belgium). The specimens were placed in a vial and scanned individually,
always in the same position, incisor facing upwards. The region of interest (ROI) was
composed of the empty space of periapical bone resorption. Alveolar bone volume (BV)
was measured using CTAnN software (Skyscan) (Cosme-Silva et al., 2020).

2.9. Statistical analysis

The results were tabulated for each group. Non-parametric data were analyzed
using multiple comparisons with the Kruskal-Wallis, Tukey, Shapiro-Wilk, Mann-
Whitney tests and One Way Analysis of Variance, with a significance level of 5%
(p<0.05).

Results

The histological analysis of the teeth of the rats in all groups is represented in Figure
2. The specimens of all groups showed the presence of pulp necrosis and periapical lesion
formation 30 days after pulp exposure. The intensity of the inflammatory infiltrate was
significantly higher in group C, compared to the PE and PEO groups (p< 0.05) (Table 1).
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Figure 2. Representative images of histological analysis of the periapical region
after 30 days of pulp exposure. Group C (A, al, a2) presented a moderate to intense
inflammatory infiltrate, in addition to an extensive area of periapical bone resorption;
group PE (B, b1, b2) exhibited a mild to moderate inflammatory infiltrate and a smaller
area of bone resorption. The PEO group (C, c1, c2) exhibited a mild inflammatory
infiltrate and little area of apical bone resorption. ab, alveolar bone; ce, cementum; pn,
pulp necrosis; (hematoxylin-eosin stain, original magnification x100 and x400).

Table 1. Scores, median and P values of histologic findings in rats from all groups

Histologic Scores Groups b value
criteria Control PE PEO
1 0/10 0/10 0/10
Inflammatory 3/10 7110 10/10
infiltrate 3 4/10 3/10 0/10 p =.002
4 3/10 0/10 0/10
Median* 32 ob ob

*Different superscript letters represent statistically significant differences, p <0.05.

Immunohistochemical analysis showed moderate levels of the cytokine’s IL-17 and
TNF- o in group C (p< 0.05). The PE group showed few immunoreactive cells for the
cytokine TNF-o and moderate immunostaining of IL-17 (p< 0.05). In the PEO group,
there was low IL-17 and TNF-a immunoreactivity, with two rats showing extremely low
immunoreactivity for TNF-a (p< 0.05) (Table 2; Figure 3).

Table 2. Scores, median and P values of immunohistochemical findings in rats from all
groups

Inflammatory Groups
mediators Scores Control PE PEO P value
0 0/10 0/10 0/10
1 0/10 0/10 0/10
2 1/10 2/10 9/10 p <.001
1L-17 3 7/10 8/10 1/10
4 1/10 0/10 0/10
5 1/10 0/10 0/10
Median* 32 3? 20
0 0/10 0/10 0/10
1 0/10 0/10 2/10
2 2/10 9/10 6/10
TNF-a 3 7/10 1/10 2/10 p<0.01
4 1/10 0/10 0/10
5 0/10 0/10 0/10
Median* 3? 20 20

*Different superscript letters represent statistically significant differences, p <0.05.
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Figure 3. Representative images of IL-17 immunoreaction between groups: (al) group
C; (bl) PE group; (cl) PEO group. Representative histological sections of TNF-a
immunoreaction between groups: (a2) group C; (b2) PE group; (c2) PEO group.

(Immunohistochemistry of IL-17 and TNF-a, magnificationx1000).

Data of bacteriological findings in thirds of the root and statistical differences
among the groups are showed in Table 3. Figure 4 represents the scores defined according
to the presence of bacteria in the root canal and periapical region.

Table 3. Scores, median and P values of bacteriological findings in thirds of the root
canal and periapical region.

Histologic Groups
criteriag Scores Control PE PEO Pvalue
1 0/10 0/10 0/10
2 0/10 0/10 4/10
Pregi”"e 3 0/10 7/10 610 oog
Bacteria 4 8/10 2/10 0/10 '
5 2/10 1/10 0/10
Median* 42 3P 3P

*Different superscript letters represent statistically significant differences, p <0.05.
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Figure 4. Representative images of the scores attributed to the presence of bacteria in the
thirds of the root canal and periapical region. (A) score 0; (B) score 1; (C) score 2; (D)
score 3; (E) score 4; (F) score 5. (BB stain, original magnificationx1000).

When evaluating the predominance of collagen fibers (figure 1), statistical analysis
of immature fibers revealed that the PEO group presented a higher percentage of
birefringent structures, significantly different from groups C and PE (p< 0.05). (Table 4).

Table 4. Percentage of immature and mature collagen fibers by group.

Histologic Groups
criteria Scores C PE PEO P value

PSR Green fibers* 0.28 + 0.10% 0.33+0.12% 0.64+0.13° p<.001
Red fibers*  56.31 + 3.99* 54.22 + 7.54° 42.62+7.32° p=.002
Different superscript letters represent statistically significant differences, p <0.05.
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Figure 5. Representative images of mature and immature collagen fibers, under
conventional light and polarized light. Groups C (a) and PE (b) had a higher percentage

of red fibers. While in the PEO group (c) there was a higher percentage of green fibers.

The microtomographic analysis (figure 6) showed that the animals that performed
the physical activity of swimming had less loss of alveolar bone volume compared to



group C (p< 0.05). In animals that received omega-3 supplementation, the volume of bone
structure loss was even smaller (p< 0.05) (table 5).

Table 5: Mean, standard deviation and p-value of micro tomographic findings.

Groups

Criteria C PE PEO P value
Vo'%mfn;)“CT 194.5+ 6.6° 1655+2.8°  143.7+6.0° p<.001

Different superscript letters represent statistically significant differences, p <0.05.

Figure 7 represents the immunohistochemical analysis of each group. It is noted
that the groups that performed physical activity had fewer cells immunolabeled for TRAP
(osteoclasts), with even better results when omega 3 was associated (Table 6) (p<0.05).

Figure 6. Micro tomographic images of the upper first molar, representative of each
group. (A) C Group. (B) PE Group. (C) PEO Group.

Table 6: Mean, standard deviation and p-value of TRAP analysis.

. S Groups
Histologic criteria C bE PEO P value
TRAP 42.1+1534* 31.9+6.17° 20.8 £ 1.47° p<.001

Different superscript letters represent statistically significant differences, p <0.05.
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Figure 7 TR-AP-bositive multmucleatéd cells in alveolar bone surface.
Immunohistochemistry images of C group (a—al); Images of PE group (b—b1). Images
of PEO group (c—cl). (H&E staining, x100 and %400 original magnification).

Discussion

This study analyzed the impact of moderate intensity physical exercise, alone or in
combination with omega 3 supplementation, on the inflammatory and
immunohistochemical profile, on the location and distribution of bacteria after the
induction of AP, and on the production of collagen fibers. As physical exercise alone
influenced the progression of the periapical lesion, the immunostaining of TNF-a and
TRAP and the apical bone loss, the first null hypothesis of the study was partially
discarded. The practice of moderate physical exercise associated with supplementation
showed significant results in terms of improving the inflammatory condition produced by
AP, containing bacterial advancement, loss of bone tissue, immunostaining of pro-
inflammatory cytokines and stimulation of fibroblasts, therefore the second null

hypothesis was rejected.
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Regularly practicing moderate-intensity physical exercise controls the immune
system, improving the body's defense against infections (Scheffer & Latini, 2020).
Several studies have shown the role of physical exercise in periodontal disease, reducing
the prevalence of the disease, attenuating the progression of the lesion, and reducing the
inflammatory process and alveolar bone loss (Andrade et al., 2017, Ferreira et al., 2019,
Uchida et al., 2021). The physical exercise method used in this study was a gradually
increased moderate swimming with no weight loading, consistent with previous research
(Cheng et al., 2018, Plecevic et al., 2018]. The use of swimming rats as a model of
exercise presents advantages over treadmill running, since swimming is a natural ability
of the rat and is a low-impact exercise that minimizes stress on the joints and
musculoskeletal system (Cheng et al., 2018). Additionally, swimming in rats has
demonstrated similarities in adaptations to human exercise, suggesting its relevance as a
translational model (Voltarelli et al., 2002, Azuma et al., 2018). The present work showed
the effects of physical exercise on AP, thus showing that swimming caused modulation
of the immune system, enhancing the body's capabilities against microbial infections.

The inflammatory profile showed how moderate physical exercise significantly
influenced the inflammatory response associated with AP since the group of rats without
physical exercise presented a much more intense inflammatory process with greater
apical bone resorption. Our results are in line with Andrade and collaborators (Andrade
et al., 2018), where swimming reduced inflammation caused by periodontal disease in
diabetic rats.

The effects of omega 3 on AP have been discussed in the literature (Azuma et al.,
2017, Gobatto et al., 2021, Azuma et al., 2021). PUFAs act as inflammatory modulators,
antioxidant agents, and activators of the inflammation resolution process (Djuricic &
Calder, 2021). Due to the promising results of previous studies and the fact that the use
of omega 3 is increasing among patients, this study associated the systemic use of the
fatty acid with physical exercise, showing significant results.

Interleukins-17 are capable of exacerbating the inflammatory process within
periapical lesions and stimulating the release of other pro-inflammatory cytokines
(Henriques et al., 2011). The fact that IL-17 showed low immunoreactivity in the rats that
performed swimming and received omega 3 indicates that the inflammatory process of
AP was lower in this group, in agreement with the other analyses. In the PE group there
may have been a moderate immunostaining of IL-17 due to the greater presence of
bacteria in the apical and periapical region. In fact, it has been shown that the release of
inflammatory mediators can be stimulated by the presence of bacteria, especially in the
tooth apical region (Samuel et al., 2019).

The cytokine TNF-a is related to bone loss and is also associated with inflammatory
processes (Almeida-Junior et al., 2023). Balducci et al (2010) proved that physical
exercise improves serum levels of some inflammatory cytokines, including TNF-a. The
rats that performed the physical exercise showed low immunoreactivity of this cytokine,
indicating reduced bone tissue loss and a less inflammatory process. These findings
suggest that physical exercise also reduced local levels of TNF-a.

Models using rats are well standardized for studies on AP and swimming (Cintra et
al., 2016; Cheng et al., 2018). This study was limited by the use of male rats to evaluate
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the influence of swimming on the immunoinflammatory response of AP. A swimming
study with male and female rats showed that swimming behavior was lower in females
and that there are important differences when females are in different hormonal phases
(Barros & Ferigolo, 1998). Furthermore, differences in cytokine expression were
observed between male and female animals subjected to swimming (Subbotina et al.,
2023). This study model can be used in future research to study the inflammatory response
of AP in female rats subjected to swimming.

Our results provide evidence of the influence of physical exercise on
microorganisms. The group PEO showed some rats presenting bacterial colonies
restricted to the middle third of the canal, and although the majority of rats presented the
presence of bacteria in the apical third, it can be highlighted that the combination of fatty
acid with physical exercise provided better systemic conditions and acted more
effectively in containing bacteria, as in this group there was no presence of bacteria in the
apical foramen and the periapical tissues. This containment of the advancement of
microorganisms can be explained by the antimicrobial activity of omega 3
polyunsaturated fatty acids, as both eicosapentaenoic acid and docosahexaenoic acid have
a broad-spectrum inhibitory effect against several Gram-positive and Gram-negative
bacteria (Ribeiro-Vidal et al., 2020).

The PSR technique is a specific staining method for detecting collagen fibers in
tissues. The different colors presented occur as a result of the packaging of the fibers. The
greenish-yellow color represents deposition of immature collagen, while the yellowish-
red color characterizes the maturation of the fibers (Cintra et al., 2017). This study
observed that the PEO group had a higher percentage of green fibers and a lower
percentage of red fibers, that is, it was the group where there was a greater quantity of
immature collagen fibers, due to tissue repair. This may have occurred as a result of PUFA
resolution activity. EPA and DHA are precursors for the synthesis of new specialized
mediators in solution, thus activating the process of inflammatory resolution (Djuricic
and Calder, 2021). The PE group, despite having a greater quantity of immature fibers
and fewer mature collagen fibers, compared to group C, did not present statistically
significant results to affirm that isolated physical activity was capable of causing the
stimulation of fibroblasts to limit inflammation.

TRAP is a specific immunological marker for osteoclasts (Saritekin et al., 2019)
and it was observed that group C exhibited a greater number of osteoclast cells,
characterizing greater bone tissue resorption activity. Our results are in line with those
obtained by Sanbe and colleagues (2009), where the authors observed that the increase in
the number of TRAP-positive osteoclasts in periodontal tissue caused greater resorption
of alveolar bone tissue. The groups PE and PEO showed, in the microtomographic
analysis, a significant reduction in the size of the periapical lesion, characterizing less
loss of bone tissue and less activity of osteoclasts. It is also worth mentioning that the
area of bone loss was much smaller in animals supplemented with omega-3. This can be
explained because w-3 PUFAs not only interrupt bone resorption but also promote the
formation of new bone tissue in the periapical region (Azuma et al., 2017).
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Conclusion

Physical activity alone enhanced defense mechanisms, reducing inflammation by
modulating TNF-o and controlling bacterial contamination, while combining it with
omega-3 further improved inflammatory modulation through IL-17 control, reduced bone
tissue loss, and stimulated collagen production to limit inflammation and decrease

osteoclastic activity.
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Anexo Il — Materiais utilizados para o protocolo de natacéo

Tambores pléasticos Canos de PVC formando raias

Termostato elétrico
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