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Abstract

Background: The purpose of this paper was to evaluate the influence
of obesity on alveolar bone tissue, either associated with ligature-in-
duced periodontal disease, or not. The possible association between
obesity and periodontitis is mainly related to the production of inflam-
matory cytokines.

Methods: Twenty-four male Wistar rats were divided into the fol-
lowing groups: control group (CON); ligature group (LIG) with
periodontitis by ligature was induced in the 24th week; obese group
(OBESE) received cafeteria diet; obese and ligature group (OBESE +
LIG) received cafeteria diet and periodontitis by ligature was induced
in the 24th week.

Results: The number of osteocytes in the alveolar bone region and
the distance from the cementoenamel junction to the alveolar crest
were assessed, and descriptive analysis of tissues was performed. The
results showed that both obesity and periodontitis led to decreased
number of osteocytes (P < 0.01), and increased distance from the ce-
mentoenamel junction to the alveolar crest (P < 0.01).

Conclusions: In addition, inflammatory characteristics and bone re-
absorption in the periodontal tissue were found. It could be concluded
that both periodontitis and obesity, in isolation, resulted in a reduction
of alveolar bone mass; however, it was more intense when associated
with bone loss, demonstrating that obesity contributed to bone loss in
periodontitis.
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Introduction

Obesity is one of the fastest growing diseases in the world [1],
reaching epidemic proportions throughout the world [2, 3].
According to the World Health Organization (WHO), obesity
rates have doubled since 1980, affecting approximately 500
million adults in 2008. As the rate of obese persons increas-
es, periodontal diseases have become the most common and
chronic diseases in human beings, affecting 5-30% of the adult
population aged 25 - 75 years or older [4].

In 1977, a study conducted by Perlstein and Bissada
showed that obesity contributed to the severity of periodontitis
in rats [5]. Since then, many studies have assessed the relation-
ship between obesity and periodontitis [6-8]. In 1998, Saito
and colleagues [6] found that the body mass index (BMI) and
increase in body fat were positively related to the prevalence
of periodontitis in healthy people. According to the authors,
an increase of 5% in body fat corresponds to a 30% increase
in the risk of developing periodontitis [6]. Other studies have
also demonstrated that the increase in BMI is associated with
increasing risk of developing periodontitis [7] and increase in
waist/hip ratio [9].

The possible association between periodontitis and obesi-
ty may be attributable to inflammatory cytokines that are in an
altered state in obese individuals. These cytokines are capable
of promoting a chronic inflammatory process in periodontitis
in these patients [4]. Adipose tissue, in addition to secreting
proinflammatory cytokines, may also stimulate the participa-
tion of macrophages in the pathogenic process of the disease,
and thus enhance its characteristics. Therefore, the accumula-
tion of adipose tissue would increase the probability of an in-
flammatory response in periodontitis [10]. The increase in the
concentration of tumor necrosis factor (TNF-a) and interleukin
6 (IL-6) in obesity [11] may exacerbate pre-existing periodon-
titis by stimulating fibroblasts that promote the synthesis of
degrading enzymes and stimulate osteoclasts that activate the
bone resorption [12].

Another substance that relates obesity and periodontitis is
plasminogen activator inhibitor 1 (PAI-1), which is strongly
expressed by visceral fat and induces agglutination of blood.
Thus, PAI-1 may decrease blood flow in the periodontium and
contribute to the development of periodontal disease. In ad-
dition, a high-fat or fatty acid diet may suppress bactericidal
function - Porphyromonas gingivalis - of the immune system
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Table 1. Cafeteria Diet (High-Fat Diet) Composition

Wiy @ e @D
Cheetos Snack (Pepsico, Brazil) 1,948 72 6.4 17.2 676
Bacon snack/Trofeu (Santa Helena, Brazil) 2,200 56 8.8 30 1,040
Cornstarch cookie (Zadimel, Brazil) 1,793 73 8 10.7 300
Chocolate cake (Renata, Brazil) 1,798 55 5 21.7 141.7
Soda/coke (Coca-cola, Brazil) 178 11 0 0 5
Soda/Guarana (Antarctica, Brazil) 168 10 0 0 5.5
Italian salami (Sadia, Brazil) 1,822 2 22 38 1,140
Sausage (Sadia, Brazil) 1,554 1.4 16 34 1,342
Bisnaguinha (bread) (Nutrella, Brazil) 1,328 54 11.2 6.2 300
Chocolate Wafter (Bauducco, Brazil) 2,176 63 5 27 113
Bologna (Frimesa, Brazil) 845 2 12 16 1,545
Marshmallow (Fini, Brazil) 1,423 80 5 0 46

in humans, favoring the development of periodontitis [13].

Up to now, it is not clear whether periodontitis is able to
affect lipid metabolism or whether the alterations in obesity-
related lipid metabolism cause the alterations in periodontal
tissue [14].

Therefore, the aim of this study was to evaluate the behav-
ior of bone tissue in rats by means of cafeteria-diet-induced
obesity, either associated with ligature-induced periodontal
disease, or not.

Materials and Methods

This was a descriptive, quantitative, and experimental re-
search. The research was approved by Ethics Committee on
Animal Experimentation (CEUA/UNIOESTE) UNIOESTE.
To conduct this experiment, 24 8-week-old male Wistar rats
were used. They were obtained at the central vivarium of UNI-
OESTE and kept at the Laboratory of Endocrine Physiology
and Metabolism of the institution under controlled light (12-h
light/dark cycle) and temperature (21 + 2 °C) conditions. The
animals were randomly divided into four groups: 1) control
group (CON) received a standard diet and water for 28 weeks;
2) cafeteria group (OBESE) received a high-fat diet and soda
for 28 weeks; 3) ligature group (LIG) received a standard diet
and water for 28 weeks and periodontal disease was induced
with ligatures in 24th week of experiment; 4) obese and liga-
ture group (OBESE + LIG) received a high-fat diet and soda
for 28 weeks and periodontal disease was induced with liga-
tures in 24th week of experiment.

To induce obesity in the animals, the exogenous obesity
model, known as the westernized diet, fast-food or cafeteria
diet, was used. This model consists of the administration of a
hypercaloric diet with an increased amount of fats and carbo-
hydrates [15, 16]. The exact composition of the diet is shown
in Table 1.
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The amount of each type of food offered to each animal
was weighed daily to prevent any difference in the food supply
among the animals.

To control the animals’ weight, they were individually
weighed once a week throughout the experimental period.

In the 24th week of the experiment, the rats were anesthe-
tized by intramuscular administration of ketamine (francotarl)
(0.08 mL/100 g body weight) and xylazine (virbaxill) (Virbac
do Brazil Ind. and Com. Ltda, Sao Paulo, SP, Brazil) (0.04
mL/100 g body weight), and a 3.0 silk ligature was placed
around each right first molar to induce periodontal disease de-
velopment [17].

At the end of the 28th week of the experiment, the ani-
mals were weighed and the nasoanal length was obtained for
the Lee index calculation (cube root of body weight (g)/naso-
anal length (cm)). Subsequently, the animals underwent de-
sensitization by CO, and euthanasia by decapitation and the
periepididymal and retroperitoneal fat pads were removed and
weighed.

The jaws of the animals were removed and fixed in a 10%
formaldehyde solution for 24 h. After this period, they were
washed under running water for 1 h and immersed in a for-
mic acid solution. The pieces were kept in a decalcification
solution for about 10 days. After this time interval, the pieces
were washed again under running water for 1 h and the his-
tological process was automatically performed for about 12
h (automatic tissue processor, Leica Microsystems® TP1020,
Nussloch, Germany). After this, the samples were paraffin-em-
bedded to obtain paraffin blocks (Purified Paraffin, code 1228,
lot 1008459, Vetec Quimica Fina, Rio de Janeiro, Brazil). The
blocks were cut in a semi-automatic microtome (Hestion®,
ERM3000, Daintree Scientific, St. Helens, Australia) into his-
tological sections measuring 5 pm. The sections were mounted
on slides and stained with hematoxylin and eosin.

The histological sections were evaluated by a single ex-
aminer using a transmitted light microscope (Leica Microsys-
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Table 2. Body Weight Values, Nasoanal Length and Lee Index

Groups Final weight (g) Nasoanal length (cm) Lee index (g/cm)
CONTROL 472 £1.04 24.0=1.04 320.7 £15.04
LIG 460 +2.04 24.0+1.04 316.9 +10.0B
OBESE 630 +5.58 25.5+1.04B 336.0 = 13.0¢
OBESE + LIG 618 +£2.58 26.4+1.08 322.0+11.0°

P < 0.01. Different letters indicate that the results are statistically different between groups, in the
same parameter of evaluation. The values represent mean + standard deviation.

Table 3. Values of the Weights of Retroperitoneal and Periepidimal Fat With Relationship at the Total

Weight in Animals

Retroperitoneal fat

Periepidimal fat

Groups Weights (g) Weight percentage (%) Weights (g)  Weight percentage (%)
CONTROL 5.8+£1.04 1.2+0.24 7.4+1.44 1.6 +£0.34
LIG 6.0+ 1.0~ 1.3+0.24 7.2+1.04 1.6+ 0.24
OBESE 30.6 +£4.08 4.8+0.58 143+2.98 2.3+£0.48
OBESE + LIG 26.0 £4.08 42+0.78 14.4+1.88 23+0.28

P < 0.01. Different letters indicate that the results are statistically different between groups, in the same parameter of
evaluation. The values represent mean * standard deviation.

tems, Switzerland). Histological analysis consisted of two
parts: qualitative (morphology) and quantitative (morphomet-
ric). These analyses consisted of a descriptive analysis of the
blades, quantification of osteocytes, and measurement of the
alveolar crest height. Morphologic analysis of the parts was
performed by photomicrography. Magnification depended on
the need to visualize the desired structures. The following fea-
tures were observed: periodontal tissue integrity, presence of
inflammatory infiltration, bacterial colonies, and bone tissue
characteristics. The morphometric analysis consisted of the
quantification of osteocytes from five consecutive fields/areas
of the alveolar bone crest starting from the highest point. The
samples were viewed at x 100 magnification. Two observa-
tions per field were performed on two different days.

The alveolar bone crest height was measured with the aid
of a microscope coupled to a computer and the images were
captured using the LazEz® software program. The shortest dis-
tance between the apex of the buccal alveolar bone crest and
the cementoenamel junction was also measured. The measure-

Table 4. Average Counting - Alveolar Bone Osteocytes in Ani-
mals

ments were repeated twice a day, on two different days, and a
mean of the results was obtained.

The data obtained were analyzed and evaluated using the
ANOVA and Tukey tests at P < 0.01.

Results

Table 2 shows the mean values of final body weight, nasoanal
length, and Lee index with respect to the groups of rats.

The results significantly demonstrated that the rats sub-
jected to the cafeteria diet had a mean increase of 32% in total
body weight in the control group. Significant increases were
also observed for the nasoanal length and Lee index. These
results show that the diet model used was effective to induce
obesity in animals.

Table 3 shows the mean values of the weights of retroperi-
toneal and periepidimal fat pads of animals in the four groups.

The results show that on average, there was an increase of

Table 5. Mean Values of the Distance From the Cementoe-
namel Junction to Alveolar Bone

Groups Mean Groups Mean (pm)

CONTROL 51.27 £1.594 CONTROL 336.85 +10.844
LIG 4598 +1.058 LIG 776.19 + 34.448
OBESE 48.78 £ 0.89¢ OBESE 542.29 +£12.84¢
OBESE + LIG 37.24 £ 0.90P OBESE + LIG 822.12 +24.96P

P < 0.01. Different letters indicate that the results are statistically differ-
ent between groups, in the same parameter of evaluation. The values
represent mean = standard deviation.
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P < 0.01. Different letters indicate that the results are statistically differ-
ent between groups, in the same parameter of evaluation. The values
represent mean = standard deviation.
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Figure 1. Representative photomicrography of an animal from control
group. D: dentin; P: pulp; EG: gingival epithelium; CO: crest bone; LP:
periodontal ligament; C (hematoxylin and eosin, x 40).

22.4 g in retroperitoneal fat and 7.05 g in periepidimal fat in
the animals subjected to the cafeteria diet when compared with
the control group.

Table 4 shows the average result of the number of osteo-
cytes in the animals according to the groups. As the results
show, induced-periodontal disease resulted in a 10% decrease
in the number of osteocytes in the animals with induced peri-
odontitis. This decrease was even greater when obesity was
associated with periodontal disease, attaining a reduction of
27.03% in these animals. Furthermore, the results showed a
decrease of 4.86% in the number of osteocytes in the obese an-
imals, demonstrating that obesity, whether alone or combined
with periodontitis, contributed to the decrease in the number
of osteocytes.

Table 5 shows the mean values per group, of the distance
from the cementoenamel junction to the alveolar bone crest.

When periodontal disease was present, an increase of
130.43% in the distance from the cementoenamel junction to
the alveolar crest was observed, in comparison with the control
group. The distance between the cementoenamel junction and
the alveolar bone crest was even higher when periodontal dis-
ease was associated with obesity, corresponding to an increase
of 144.06% in comparison with the control group, demonstrat-

Figure 2. Representative photomicrography of an animal from the
group with induced periodontal disease and gingival epithelium exocy-
tosis (*) (hematoxylin and eosin, x 40).
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Figure 3. Representative photomicrography of an animal from the
group with induced periodontal disease. D: dentin; P: pulp; CB: bacte-
rial colonies. Exposure of the cervical third of the root (hematoxylin and
eosin, x 40).

ing that the association between obesity and periodontal dis-
ease accentuates this distance.

Moreover, the distance from the cementoenamel junction
to the alveolar crest increased by only 37.88% in the group
induced to obesity, when compared with the control group.

Descriptive morphological analysis of periodontal tissues

Figure 1 shows a representative photograph of the control
group, in which it was observed that the gingival tissue, the
sulcular epithelium, the junctional epithelium and underlying
connective tissue in the region of the first molar showed nor-
mal characteristics. No inflammatory process was perceived
in this tissue, and in some cases only, a few bacterial colonies
were observed. The alveolar bone was intact, compact and
regular, with a central spongy portion of normal appearance.
The bone crests were thick and high (in the cervical third of the
root). No expressive osteoclastic activity was found, and the
cementoenamel junction, cementum, and periodontal ligament
presented normal characteristics.

- ey

Figure 4. Representative photomicrography of an animal from group
obese. D: dentin; P: pulp; CB: bacterial colonies (hematoxylin and eo-
sin, x 40).
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Figure 5. Representative photomicrography of bone resorption area in
an animal from group obese. Howship’s lacunae occupied by an osteo-
clast in the bone crest region (hematoxylin and eosin, x 400).

Figure 2 shows ligature-induced periodontitis in the non-
obese group of rats. For this group, the junctional epithelium
presented a hyperplastic and discrete apical migration. Bacte-
rial colonies were seen along the tooth surface. The underlying
connective tissue had become extremely inflamed, with a pre-
dominance of acute inflammatory infiltration and exocytosis in
the sulcular and junctional epithelium.

The alveolar process was compact, with a spongy central
area, but with tapered and low bone crests, causing the expo-
sure of the cervical third (Fig. 3). Bone neoformation was ob-
served in the alveolar crests, shown by incremental lines in the
regions of the periodontal ligament adjacent to the bone crests.
Furthermore, it was found that the cementum was thickened in
the apical third, suggestive of local hypercementosis.

Figure 4 shows the group in which only obesity was asso-
ciated. The presence of a slight mixed inflammatory infiltration
with a predominance of neutrophils was found in the underly-
ing connective tissue, and mild exocytosis in the junctional
epithelium. The alveolar process was compact, with a spongy
central area, but with tapered bone crests when compared with
the control group. Osteoclastic activity was observed in these
areas as shown in Figure 5. Severe resorption activity was

Figure 6. Representative photomicrography of an animal from the
obese group with periodontal disease. D: dentin; EG: gingival epithe-
lium; EJ: junctional epithelium; CB: bacterial colonies (hematoxylin and
eosin, x 40).
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Figure 7. Representative photomicrography of an animal from the
obese group with periodontal disease. Note that bone crests are ta-
pered (arrow’s head) and adjacent to the buccal root (lower right por-
tion of the image); only the tip of the crest (arrow) is extremely low, the
mean/apical level of the root (hematoxylin and eosin, x 40).

shown in the alveolar bone and crests. The thickness of the
cementum and periodontal ligament along the root dentin was
normal.

Figure 6 shows the group of animals, in which periodon-
titis was associated with obesity. An accumulation of bacterial
colonies was noted adjacent to the tooth surface, as well as
migration of the gingival margin apical to the cementoenamel
junction. In addition, an extension and apical migration of the
junctional epithelium and the presence of mixed inflammatory
infiltration was observed in the underlying connective tissue,
with a predominance of lymphocytes. The alveolar process
was compact, with a spongy central area, but with tapered and
low bone crests when compared with the control group at the
level of the middle third of the root (Fig. 7). Similarly to the
obese group, bone neoformation was observed in the alveolar
crests, shown by incremental lines of bone neoformation and
intense activity of osteoblasts lining the regions of the peri-
odontal ligament adjacent to the bone crests (Fig. 8). Osteo-
clastic activity was found in the basal bone. Furthermore, the
cementum was found to be thickened in the apical third, sug-

Figure 8. Representative photomicrography of bone neoformation in
an animal from the obese group with periodontal disease (hematoxylin
and eosin, x 400).
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gestive of local hypercementosis.

Discussion

Diet is considered the most frequent cause of obesity in indus-
trialized and urbanized countries [18]. In the present study, it
was possible to verify the effectiveness of the cafeteria diet to
induce obesity. According to the data presented, when com-
pared with the control group, the animals subjected to the
cafeteria diet showed a significant increase in the weight, Lee
index (Table 2) and weight of the retroperitoneal and perigo-
nadal fat pads (Table 3). Similar results were obtained in other
studies using similar models to induce obesity [19, 20].

Furthermore, concerning the retroperitoneal and periepi-
dimal fat and final weights, it is interesting to note that, when
the same protocols were compared (comparison between the
CON and LIG groups without induced obesity and compari-
son between the OBESE and OBESE + LIG groups with in-
duced obesity by cafeteria diet), there was a reduction in these
parameters (final weights and fats) in groups in which peri-
odontal disease was induced, although not statistically signifi-
cant, which would suggest that the ligature, contributing to the
development of periodontal disease, may have influenced the
feeding behavior in the rat.

The results also showed that for the obese group not asso-
ciated with periodontitis, the presence of inflammatory infiltra-
tion and resorptive activity was found, in addition to a lower
number of osteocytes and greater distance from the cementoe-
namel junction to the alveolar bone crest, when compared with
the control group.

Several studies have indicated that obesity itself is associ-
ated with a level of chronic inflammation. This inflammatory
response is characterized by abnormal cytokine production,
increased acute phase reactants, and inflammatory signaling
pathway activation [21-24]. It has also been established that
an increased production of proinflammatory cytokines contrib-
utes to the development of osteoporosis and osteopenia [25,
26]. Studies have shown that the excessive increase in body
fat is associated with decreased bone mineral density [27, 28].

As regards the groups subjected to periodontitis, the results
obtained show that both the non-obese group with periodontal
disease and the group in which periodontitis was associated
with obesity presented alterations in the junctional epithelium,
presence of bacterial colonies along the tooth surface, as well
as inflammatory features and osteoclastic resorptive activity.
On the other hand, these characteristics were more intense in
the obese group with periodontitis, which was evident from the
lower number of osteocytes and greater distance from the ce-
mentoenamel junction when compared with the other groups.

Periodontitis is an inflammatory disease associated with
bone resorption [26]. The increased production of proinflam-
matory cytokines such as IL-1, IL-6 and TNF-a is also associ-
ated with the increase in the osteoclastic resorptive activity in
several diseases, including periodontitis [25].

Several authors consider that the association between obe-
sity and periodontal disease is plausible due to the increased
concentration of proinflammatory cytokines and TNF-a pro-
duced by the adipose tissue of obese individuals, development
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of insulin resistance and a chronic inflammatory condition [5,
6, 10, 14, 29]. Cytokines are key mediators in the process of
osteoclast differentiation and bone resorption. Chronic inflam-
mation and the increase in inflammatory cytokines induce bone
resorption and bone loss in patients with periodontitis [30].

In the study conducted by Perlstein and Bissada [5], the
periodontal structure of obese animals with periodontitis was
assessed. Histopathological analysis showed hypertrophy and
hyperplasia of blood vessels in the periodontium of these ani-
mals. The authors concluded that obesity contributed to the
severity of periodontal disease.

Obesity seems to affect bone metabolism through multiple
mechanisms. First, osteoblasts and adipocytes derive from a
common mesenchymal cell in the bone marrow. Obesity can
induce adipogenesis while decreasing osteoblastogenesis [22].
The direct or indirect production of leptin and adiponectin re-
lated to obesity may influence bone metabolism. Circulating
leptin levels are high in cases of obesity. The action of leptin
on bone seems to be variable; however, it seems to negatively
affect the bone metabolism of animals subjected to high-fat-
diet-induced obesity [23].

Paradoxically, this study showed that in both groups with
periodontal disease, obese and non-obese groups, new-bone
formation was observed in the alveolar bone crests, shown by
incremental lines of bone neoformation and intense activity of
osteoblasts lining the regions of the periodontal ligament.

Physiologically, bone tissue adapts itself to physiological
or pathological situations, and undergoes a constant remode-
ling process through resorption and deposition of bone matrix,
processes that are strictly combined [31]. When comparing
alveolar bone tissue with other bone tissues of the body, it is
observed that the alveolar bone is able to undergo the remod-
eling process more quickly. This feature is important for pro-
moting the positional adjustment of teeth; however, it favors
the progression of periodontal disease in this tissue [32]. Thus,
the presence of bone formation shown in the groups with peri-
odontal disease may indicate a possible adaptation of the bone
tissue to intense resorption that occurs as a consequence of the
periodontal disease.

Conclusion

According to the results obtained in the present study, it could
be concluded that both periodontal disease and obesity, alone,
resulted in the reduction of alveolar bone mass, which was
more intense when associated with bone loss, demonstrating
that obesity contributed to bone loss in periodontitis.
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