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Abstract:

Objective: The goal of this study was to analyze the role of periodontal disease associated with physical
exercise on inflammatory mediators and muscle hypertrophy. Materials and Methods: Wistar rats were divided
into four experimental groups (n=6): sedentary and healthy (SH), trained and healthy (TH), sedentary with PD
(SP) and trained with PD (TP). Animals were submitted to 30 days of PD induction (SP and TP) followed by an
8 week long treadmill exercise protocol (TH and TP). Blood samples were analyzed for interleukin serum levels
and leukocyte count, while the tibialis anterior and gastrocnemius muscle underwent histomorphologic analysis.
Results: Trained animals with periodontal disease showed a significant decrease on muscle fibers perimeter and
anaerobic endurance throughout the exercise protocol. It was also observed that PD increases the IL-6, IL-10 and
TNF-o serum levels and the neutrophils and eosinophils blood count, while the association between PD-physical
exercises exacerbated the PD changes on leukocyte count. Conclusion: These data suggest that the association
between the pro-inflammatory state induced by PD and the physical exercise load might play an important role
on muscle hypertrophy.
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Introduction

Periodontal disease (PD) is an infectious and inflammatory condition that affects hard and soft tissues
surrounding the teeth (Liu et al., 2009). Microbial challenge may generate an imbalance in the disease process,
modifying the size and severity of the inflammatory immune response which can be modulated by environmental
and genetic factors and systemic individual (Liu et al., 2010; Ebersole et al., 2008). Epidemiological data suggest
that PD may be associated with other systemic pathological conditions probably due to exacerbation of host
immune response (Liu et al., 2009; Ebersole et al., 2010; Keelan et al., 2010) probably due to modulation of
serum cytokines levels as IL-6 (Interleukin 6), TNF-a (tumor necrosis factor alpha) and IL-10 (interleukin 10)
(Liu et al., 2010; Keelan et al., 2010; Baek and Choi, 2012). Regular physical activity has been shown to have a
protective role against several chronic diseases, including reducing the risk of developing periodontitis (Al-
Zahrani et al., 2005; Sanders et al., 2009). However, different types and loads of exercise might have an
ambiguous role, since it may lead to depression of immunity, increase on stress hormones, especially cortisol,
and changes in the concentrations of interleukins such as IL-6 and IL-10 (Keast et al., 1988; Walsh et al., 2011).
During physical training, muscle damage may occur due to mechanical overload imposed mainly by the action of
eccentric exercise and muscle exhaustiveness, causing a local inflammatory response and migration of myeloid
cells into the damaged tissue (Malaguti et al., 2013). It was already demonstrated that exhaustive exercise causes
oxidative stress, inflammatory response, and structural damage to muscle cells, which is evidenced by an
increase in the plasma activity of cytosolic enzymes as lactate dehydrogenase (LDH) (Malaguti et al., 2009).

Muscle mass is the result of the balance between synthesis and catabolism. The anabolic factors include
physical and chemical factors. Catabolic factors include muscle disuse, oxidative stress, proinflammatory
cytokines, acidosis and glucocorticoid hormones (Tidball and Villalta, 2010). Structural alterations such as
reduction of mass and muscle fibers are associated with muscle weakness, reduced muscle strength and
endurance (Krogh-Madsen et al., 2006; Mufioz-Canoves et al., 2013). Immunological factors such as cytokines
and myeloid cells can also influence muscle metabolism. Proinflammatory modulators are associated with
increased lysis of muscle fibers and can affect the differentiation of muscle cells. Moreover, anti-inflammatory
mediators significantly reduce the damage to muscle cell membrane (Villalta et al., 2011).
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Taken together, these data indicate that changes on systemic inflammatory profile induced by
odontogenic infections might have an indirectly relationship with muscle catabolic processes during the
according to the exercise protocol (Tidball and Villalta, 2010). The goal of this study was to analyze the
association between periodontal disease and physical exercise on serum inflammatory mediators and muscle
hypertrophy.

Material and Methods
Ethics Statement

The experimental protocol followed the Brazilian Law of Procedure for the Use of Animal for Science
and it was approved by the Research Ethics Committee of Federal University of Rio Grande do Sul (approval
#19728). All surgery was performed under anesthesia, and all efforts were made to minimize suffering.

Samples Distribution

It was used 60 days old male Wistar rats, weighing on average 250g. During the experiment, the
animals were kept in collective polypropylene cages, getting balanced diet for rodents and water ad libitum and
kept in a photoperiodic cycle of 12 hours light/dark. The animals were randomly divided into four experimental
groups by stratified randomization (n=6): Sedentary and Healthy (SH), Sedentary with PD (SP), Trained and
Healthy (TH) and Trained with PD (TP). The animals were weighed, over the weeks of training.
Induction of Periodontal Disease

The induction of PD was performed by the ligature technique (Abe and Hajishengallis, 2013) performed
by a trained operator. The animals were sedated with xylazine (IP, 1 mg/kg) and anesthetized with sodium
pentobarbital (IP, 15 mg/kg). After anesthesia, it was placed a strand of sterile 4.0 suture silk in the gingival
sulcus around the molar teeth (maxilla second molars and mandible first molars). This procedure was performed
on groups SP and TP 30 days prior to the physical training protocol.
Exercise Protocol

The treadmill training protocol was adapted from the study protocol for verification of the anaerobic
threshold in rats (De Aradjo et al., 2009), and lasted for five days a week during eight weeks with an increase on
speed on every week. During the exercise protocol, the speed received 5m/min gradual increases every five
minutes until the value for the week. The treadmill speed and the arrangement of duration of exercise were
adapted accordingly (Table 1). To analyze anaerobic endurance, blood lactate levels were measured during the
training protocol and blood samples (25 pl) were dispensed directly onto a lactimeter tape collector (Accutrend®
Roche, Basel, Switzerland).
Table 1 Treadmill Exercise Protocol.

Week Speed (m/min) Time (min)
1° 5 20
20 10 20
3° 10 30
40 15 30
50 15 30
6° 20 40
7° 20 40
8° 25 40

Legend table 1
Animals were subjected to daily training with gradual increase in the intensity and time of realization.

Blood Collection, cytokine measurement and leukocyte count

It was realized three blood samples collection from the tail vein at different time-points: t0 = before the
beginning of the training; t1 = at the end of the fourth week of the exercise protocol; t2 = at the end of the eighth
week of the exercise protocol. Blood samples (1 ml) were centrifuged (4°C, 3.200g, 10 min) and the serum
stored at -80°C. Quantification of inflammatory markers (IL-6, IL-10 and TNF-o) levels were measured by
ELISA (enzyme - linked immunosorbent assay) (BD Biosciense, San Diego, CA). The blood analysis was
performed by changing absorbance at a wavelength of 450nm with correction for 560nm using an ELISA reader
(XMark Absorbance Microplate Spectrophotometer, Bio-Rad, Hercules, CA).

During blood collection it was performed blood smears, which were dried and submitted to hematologic
Panoptic staining (RENYLAB QUIM. FARM. LTDA, Barbacena - MG). The leukocyte count in relative values
(%), was performed by a single observer blinded and calibrated before and during the study (Kappa index = 0.8
and 0.882, inter and intra, respectively) and the analytical technique used was the method of Schilling (Tefferi et
al., 2005). Analyses were performed with a binocular microscope (Olympus Optical Co.) at 400x magnification.
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Muscle Morphological Analysis
At the end of the exercise protocol, rats were sacrificed and the tibialis anterior and gastrocnemius muscle were
collected, fixed in a Methacarn solution (60% methanol, 10% acetic acid and chloroform 30%, 4 h, 4 °C),
dehydrated, cleared in xileno, embedded in paraffin (Oxford Paraplast®, St. Louis, MO., USA), cut in
microtome (5uM) and submitted to hematoxylin-eosin (HE) staining. A blinded researcher randomly selected
three slices for each muscle and, for each slice, it was obtained 400x microscopic digital images (Olympus
Optical Co.) from regions containing cross section of muscle fibers. Images of at least 200 fibers for each animal
were analyzed using the software Image J® 1.45, a public domain software developed by W. Rasband (National
Institute of Mental Health, National Institutes of Health, Bethesda, MD, USA). It was applied a digital mask
consisting of parallel lines where it was measured the distance between the lines (d) and the number of
intersections between the fibers and the lines (i) (Supplementary Figure 1). The values obtained were applied in
the formula B = n/2xdxi, where B represents the muscle fiber circumference (Battlehner, 2003; Morath et al,
2013).

Supplemental Fig. 1. System testing parallel lines for determining the mean circumference of muscle fibers. B =
n/2xdxi formula was used to calculate the perimeter corresponds to the perimeter where b, d is the distance
between the lines i is the number of intersections between the fibers and the lines. Hematoxylin-eosin staining.
400X magnification.

Statistical Analysis

Data were analyzed using SPSS (Statistical Package for Social Sciences) version 17.0 for Windows.
Normality test was performed to the data found. Results are expressed as mean +* standard deviation and
percentages. To perform the comparison of means between groups in different time points analyzed, it was used
the One-Way ANOVA test followed by the post-hoc Tukey test with a significance level of 0.05.

Results
Periodontal disease impairs physiologic parameters on trained mice.

All animals showed an increase in weight during the study period, and the animals of the sedentary
groups showed the greatest weigth variations when compared to trained animals (Figure 1A). Periodontal disease
did not influence the weight variation, when compared to their respective experimental group (sedentary or
trained). Sedentary rats showed a basal blood lactate level, which was not affected by periodontal disease (Figure
1B). After 8 weeks of training, the trained animals showed an increase in the lactate generation during the
exercise period, which was more significant in the group with periodontal disease. This data suggests that
periodontal disease acted as a negative factor for the treadmill training performance.
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Fig. 1. Periodontal disease induces changes in physiological parameters. (A) Weigth variations after 90 days of
the beginning of the experiment; (B) Blood lactate levels after 60 days of treadmill training protocol. Untrained
rats (SH and SP) were submitted to detection basal lactate levels without physical exercise. SH: sedentary rats
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without periodontal disease, SP: sedentary with periodontal disease, TH: trained without periodontal disease, TP:
trained with periodontal disease. Test One-Way ANOVA and post-hoc Tukey test (* p <0.05, n = 6).

The analysis of the muscle fiber perimeter showed that treadmill exercise led to a hypertrophy of the
gastrocnemius and the tibialis anterior muscle (8.99%, p<0.05 and 31.9%, p<0.000, respectively, Figure 2A),
when compared to the sedentary group. The induction of periodontal disease per se did not alter the muscle fiber
size, but the association between exercise and PD was responsible for a significant decrease in the perimeter of
the fibers of the gastrocnemius muscle (29%, p<0.001, Figure 2E) when compared to all experimental groups
(Figure 2B-D). For the tibialis anterior muscle, there was no significant differences between groups SH and SP
(Figure F and G), but periodontal disease (Figure 2I) impaired muscle hypertrophy when compared to the trained
group (Figure 2H). Histological analysis showed no changes on the local leukocyte profile on both muscles.
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Fig. 2. Periodontal disease alters muscle hypertrophy. (A) Morphometric analysis of gastrocnemius and tibialis
anterior muscle. Hematoxilin and eosin staining of gastronecmius (B-E) and tibialis anterior (F-1) of sedentary
and without periodontal disease (SH, B and F), sedentary with periodontal disease (SP, C and G), trained without
periodontal disease (TH, d and h) and trained with periodontal disease group (TP, E and I). Bars indicate
standard deviation. Test One-Way ANOVA and post-hoc Tukey test (* p <0.05, ** p <0.001 and *** p <0.000,
n = 6). 400X magnification.

Periodontal diseases promotes changes on leukocyte count and serum cytokine levels of trained and sedentary
rats

Sedentary animals without periodontal disease (SH) showed a predominance in circulating lymphocytes
(70.83%+/-2.66%, t0, Figure 3A), followed by neutrophills (26.91%+/-2.31%, t0, Figure 3B), monocytes
(0.92%+/-0.66%, t0, Figure 3C), eosinophills (0.92%+/-0.37%, t0, Figure 3D) and basophills (data not shown),
with small variations during the timepoints used in this study. The levels of basophills showed no difference
among experimental groups. Trained animals without periodontal disease (TH) showed a leukocyte count similar
to the SH group. The sedentary group with periodontal disease (SP) showed a high variation on leukocyte count
at each timepoint, suggesting adaptative changes during the time course of the pathology. When compared to
sedentary animals without PD, it was observed that, in early stages of PD there was an increase on eosinophills
at 30 days (2.08%+/-0.49%, p<0.001, t0, Figure 3D) and on neutrophills at 60 days (29.17%+/-2.94%, p<0.05,
t1, Figure 3B). After 90 days of PD there was an increase on lymphocyte (71%+/-1.55%, p<0.001, t2, Figure
3A), suggesting a switch from an acute to a chronic inflammatory profile in the pathology course along this
study.

The association between periodontal diseases and physical exercise induced more pronounced chances
on leukocyte count when compared to sedentary animals without PD. It was observed an increase on lymphocyte
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after 30 days of exercise (76.17%+/-7.2%, p<0.05, t1, Figure 3A) and 60 days (+72.42%+/-1.9%, p<0.000, t2,
Figure 3A) of treadmill training, which was accompanied by a decrease on neutrophills (23.58%+/-2.39%,
p<0.05 and 23.17%+/-2.48%, p<0.000, t1 and t2 respectivelly, Figure 3B). The monocyte count was also
diminished after 30 days of exercise (0.58%+/-0.8%, p<0.05, t1, Figure 3C).
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Fig. 3. Changes in leukocyte counts triggered by physical exercise and periodontal disease. Blood smear
leukocyte count of lymphocytes (A), neutrophils (B), monocytes (C) and eosinophills (D) in the beginning (t0), 4
weeks (t1) or 8 weeks (t2) of physical exercise. SH: sedentary rats without periodontal disease, SP: sedentary
with periodontal disease, TH: trained without periodontal disease, TP: trained with periodontal disease. Test
One-Way ANOVA and post-hoc Tukey test (* p <0.05, ** p <0.001 and *** p <0.000, n = 6).

The analysis of plasma interleukin levels showed that the training protocol alone induced a small
increase on IL-6 (10.55%+/-7.6%, p<0.05 and 11.76%+/-7.6%, p<0.001, t1 and t2, respectively, Figure 4A) and
IL-10 (37.9%+/-19.3%, p<0.05, t2, Figure 4C) levels when compared to sedentary animals, with no changes on
TNF-a levels (2.17%+/-3.5%, t2, Figure 4B). Periodontal disease per se induced an increase on IL-6 (11.8%+/-
7.24%, p<0.05) and TNF-a levels (12%+/-10.9%, p<0.05, Figure 4B) after 30 days of PD induction, which
remained elevated at 60 and 90 days when compared to the sedentary group. After 90 days of PD it was also
observed an increase on serum levels of the anti-inflamatory I1L-10 (37.3%+/-19.9%, p<0.05, t2, Figure 4C).

The group with PD that underwent physical exercise showed a similar interleukin profile to untrained
PD animals. After 8 weeks of treadmiling, the association of physical exercise and periodontal disease,
attenuated the levels of TNF-a (23.87%+/-5.35%, p<0.05) and increased the levels of IL-10 (50.3%+/-24.4%,
p<0.05), when compared to untrained rats without PD.

576
JPES®  www.efsupit.ro


http://www.efsupit.ro/

BARBARA CAPITANIO DE SOUZA, MARCELO EKMAN RIBAS, ANDRE LUIZ LOPES, BRUNO
COSTA TEIXEIRA, MARCELO LAZZARON LAMERS

-

25,00%

.

20,00%

15,00%
10,00%
5,00% O'sp
BTH
[Ny
0,00%
t0 tl
10 tl

IL-6 level (% of control group)

=]

40,00%
35,00%
30,00%
25,00%
20,00%
15,00%

10,00%
[sp
BTH
Ry

5.00%

TNF-a level (% of control group)

0,00%

-5,00%

o]

0,00% —_
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
Osp

10,00% TH
L bvg

IL-10 level (% of control group)

0,00%
0 tl 2
Fig. 4. Periodontal disease alters the interleukin serum levels. Serum levels of IL-6 (A), TNF-a (B) and IL-10
(C) was measured by ELISA in the beginning (t0), 4 weeks (t1) or 8 weeks (t2) of physical exercise. Data is
expressed as percentage of sedentary rats without periodontal disease serum levels. SP: sedentary with
periodontal disease, TH: trained without periodontal disease, TP: trained with periodontal disease. Test One-
Way ANOVA and post-hoc Tukey test (* p <0.05, ** p <0.001 and *** p <0.000, n=6).

Discussion

Our most important result was able to demonstrate that the treadmill training induced an increase in
muscle fiber perimeter on both muscles as expected (Macaluso et al., 2013) and the periodontal disease process
influenced negatively muscle hypertrophy.

In this study, we demonstrated that animals with PD that underwent treadmill exercise showed higher
levels of blood lactate, a tissue hypoxia marker used as a reference for training intensity, when compared to the
trained healthy group. Tissue hypoxia may be due to the association between heterogeneous distribution of
microvascular blood flow, low systemic blood flow (ischemic hypoxia) and failure in cellular metabolism
(Thomas et al, 2012; Gatterer et al., 2012). Loo et al. (2012) also demonstrated that PD might induce increase on
lactate levels, but using different experimental protocol. These data suggest that PD can affect metabolic
processes involving skeletal muscle adaptation to exercise load.

Muscle fibers have the ability to alter their biochemical and physiological properties according to the
stimuli to which they are subjected. Histological characteristics as, for instance, the amount and the type of
muscle fiber, have a direct relationship with the muscle response to physical exercise (Baldwin and Haddad,
2001; Pette, 1998; Pilegaard, 2000; Delp and Duan, 1996; Staron et al., 1999). Under physiological conditions,
the gastrocnemius muscle has a higher content of type 1l fiber than the tibialis anterior (Foster et al., 2012). Our
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data show that the treadmill training induced an increase in muscle fiber perimeter on both muscles as expected
(Macaluso et al., 2013) and the periodontal disease process influenced negatively muscle hypertrophy. We
showed that in our result what the type Il muscle fibers were more susceptible to the effects of periodontal
disease, since the gastrocnemius was the most affected. To our knowledge, this is the first report of the selective
action of periodontal disease on skeletal muscle hypertrophy according to the muscle fiber type.

Several studies suggest that there is a crosstalk between muscle physiology and the immune system. It
was already showed that moderate physical exercise (< 60% VO,max) might be related to an increased response
of defense mechanisms, while a more intense and prolonged exercise (> 65 % VO,max) or the overtraining is
related to impair the immune system (Keast et al., 1988; Brines et al, 1996; Suzuki et al., 2003). The model used
in our study indicates a moderate training, which did not cause dramatically changes on leukocyte count of
trained animals. However, it was observed an increase on IL-10, an anti-inflammatory cytokine, suggesting a
protective role of physical exercise (Hirose et al., 2004; Thomas, 2007).

The systemic inflammatory condition may influence the size of muscle fibers, as well as its
performance (Thomas, 2007; Marklund et al., 2013). For example, Tidball and Villalta (2010) showed that
changes in eosinophils activity might influence negatively the hypertrophy of skeletal muscle. Other studies
emphasize the importance of proper interaction of myeloid cells and inflammatory mediators for normal muscle
growth (Marklund et al., 2013). We showed that in early stages of periodontal disease there was a fluctuation on
circulating levels of neutrophils and eosinophils, while the lymphocytes count was affected only after 90 days,
suggesting a switch on the host immunological responsiveness to PD from a destructive to a restorative condition
overtime. In the other hand, we showed that after 30 days of the association between physical exercise and PD
there was an increase on lymphocytes and eosinophils count and a decrease on neutrophils and monocytes. These
data support the evidence of the role of physical exercise on the immune system and it also suggests that
odontogenic infections might indirectly influence muscle hypertrophy due to changes on leukocytes count.

Muscle metabolism is susceptible to various pathological conditions mediated by cytokines (Cannon,
1993; Clark, 2007). IL-10, for instance, reduces the expression of proinflammatory cytokines and regulates the
macrophage phenotype in injured muscle, through reduction of class 1 macrophage (M1) — involved on muscle
cell lysis, and increase on class 2 macrophage (M2), involved on proliferation of satellite cells (Marklund et al.,
2013; Guttridge et al., 2000; Coletti et al., 2002). In our study, all conditions increased the I1L-10 serum levels
after 8 weeks of exercise. These data are correlated with the values of monocytes, which were reduced after 4
week of training, and presented a small increase after the 8th week. This suggests that it might have some loss in
the hability of tissue repair process after muscle injury (Villalta et al., 2009; Deng et al., 2012).

The increased production of pro inflammatory cytokines such as IL-6 and TNF-a is probably the most
common cause of depletion of the muscle tissue. Studies in animals and humans have shown that an increase in
serum IL-6 levels inhibits the anabolic effect of IGF-1 (Insulin-like growth factor 1), and that high
concentrations of IL-6 and low concentrations of IGF-1 contribute to aggravation of sarcopenia (Mufioz-Cénoves
et al., 2013). IL-6 may also induce the loss of muscle mass by modulating the secretion of anabolic hormones
(Pedersen et al., 2004; Febbraio et al., 2004). It was also shown that TNF-ao stimulates the proteolysis of myosin
heavy chain and it is involved in the pathogenesis of muscle (Teles et al., 2009; Hodgetts et al., 2006; Clark,
2007). Prolonged exposure to TNF-a. is also known to block cell differentiation and muscle regeneration (Clark,
2007; Perniconi et al., 2008) and it can also induce alterations of muscle proteins independently of protein loss,
which results in diminished force production (Li et al., 1998; Li et al., 2000; Noh et al., 2013). It is possible that
in physiological conditions this cytokines might be differentially expressed in the muscle microenvironment,
leading to different response of muscle fibers to exercise load in accordance with the intensity and duration of
activity. Under normal health conditions, exercise treadmill decreases TNF-a and IL-6 plasma levels and
increases 1L-10 (Nunes et al., 2013). In our study, the treadmill protocol alone induced an increase of IL-6, but
not of TNF-a Increased levels of IL-6 alone may indicate a regulation of TNF-a, preventing the loss of muscle
mass (Igaz et al., 2000).

The chronic systemic proinflammatory state could result in skeletal muscle atrophy (Li et al., 2000). We
observed that PD per se induced an increase on TNF-o and IL-6 (Noh et al., 2013) and the association between
PD and treadmill exercise did not change these values, suggesting that PD might indirectly interfere with muscle
responsiveness to exercise load due to the local presence of TNF-a. It is possible that this association prevented
not only the muscle metabolism but it also induced a catabolic process on muscle fiber in response to the
exercise load. It appears that this effect is more pronounced on type 2 muscle fibers, since the gastrocnemius
muscle showed a decrease on fiber hypertrophy due to PD-physical exercise association. In fact, there are several
reports of the synergic effects of the IL-6 and TNF-a association on muscle sarcopenia (De Benedetti et al.,
1997; Ferrucci et al., 2002; Visser et al., 2002).

Conclusions

Periodontal disease was able to modify leukocyte count and systemic interleukin levels and, when
associated to exercise load, it might have an indirect effect on muscle catabolism. Muscle performance under
exercise load can be influenced by different conditions. In this study we demonstrated that skeletal muscle
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metabolism in response to exercise load might be influenced by chronic dental infections, due to changes on
leukocyte count and on systemic levels of interleukins. However, most studies are needed to understand the
mechanisms of these interactions.
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