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Abstract: There is evidence that the lack of metabolic control of obese patients may accelerate
periodontitis. The aim of this study was to evaluate radiographically the effect of cafeteria-diet-
induced obesity on alveolar bone loss in rats subjected to periodontal disease. Twenty male
Wistar rats were randomly divided into four groups: 1) control group, 2) control and ligature
group; 3) cafeteria group; and 4) cafeteria and ligature group. The animals were evaluated for
obesity and euthanized, and the mandible of each rat was removed to perform a radiographic
evaluation of alveolar bone loss and its effect on diet-induced obesity. The results showed greater
alveolar bone loss in the mice in Group 4 (P<<0.01). Thus, we concluded that obese mice, on
average, showed greater radiographic evidence of alveolar bone loss than mice undergoing
induction of obesity.
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Introduction

Obesity has reached epidemic proportions' and is the fastest-growing health-related
problem in the world.? According to the World Health Organization, 1.5 billion adults
are overweight, and, of these, 500 million are clinically obese.? In Europe, the prevalence
of obesity is between 10% and 25%, while in the United States the rates vary between
25% and 35%.%* According to the Brazilian Ministry of Health,’ rates of overweight
and obesity have increased over the last 6 years in Brazil. According to the Brazilian
study, the proportion of overweight people increased from 42.7% in 2006 to 48.5% in
2011. Within that same period, obesity percentage increased from 11.4% to 15.8%.° It
is estimated that obesity and its complications are responsible for a significant number
of deaths worldwide.?

To further understand the role of each of the elements involved in the pathophysiol-
ogy of obesity, researchers have used experimental animal models that may determine
in a controlled manner the role of each component of insulin secretion and peripheral
resistance to insulin and obesity. Among the different models, there are those derived
from the genetic strains caused by autosomal recessive mutations (Zucker fa/fa rats,
ob/ob mice) as well as transgenic mice and knockouts for specific genes; rats and
mice subjected to electrolytic lesions in hypothalamic regions (eg, ventral medial
hypothalamus); specific drug-induced chemical injuries (monosodium glutamate);®
and animals subjected to hypercaloric and/or hyperlipidemic diets.”

Although the abovementioned experimental models characterize an important
aspect of insulin resistance and obesity, the model that most resembles human
obesity is exogenous obesity, in which the animal is offered a high-carbohydrate/
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high-fat diet, either alone or in combination.” This diet is
called the Western, fast-food, or cafeteria diet, and has
been shown to produce an increase in total body weight by
approximately 30%—40% by the end of a 12-week study,
as well as an increase in visceral fat, resistance insulin, and
hyperleptinemia.®

Several scientific studies have suggested that obesity
contributes to the severity of periodontal disease.’'? Perio-
dontitis is a chronic infectious disease caused predominantly
by bacteria that release endotoxins that activate proinflamma-
tory cytokines interleukin (IL)-1 and tumor necrosis factor
alpha (TNF-o), among other interleukins, which affect the
tissues supporting the teeth and induce loss of alveolar bone,
cementum, and periodontal ligament.!3-15

Among the risk factors for periodontitis, obesity has
received special attention in dentistry. Recent evidence
suggests that adipose tissue is a reservoir of inflammatory
cytokines.!** Since obesity and periodontitis are associated
with systemic inflammation, it may be said that these two
situations are linked by common pathophysiology. Thus,
it is plausible that the increase of adipose tissue results in
increased activation of the inflammatory host response,
making the obese individual more susceptible to periodon-
tal disease. The amount of evidence linking obesity to the
occurrence and severity of periodontal disease has grown
consistently in recent years.'¢"

Saito et al showed that the increase in body mass index
(BMI) and waist-hip ratio are associated with the develop-
ment of periodontitis.'? Epidemiological data have shown that
obese and insulin-resistant patients have high plasma concen-
trations of inflammatory markers.'*'* Adipose tissue secretes
large amounts of TNF-¢; and IL-6," and the concentration
of these cytokines is proportional to the BMI.!* Increased
plasma concentrations of proinflammatory cytokines could
explain the relationship between obesity and periodontal
disease.'” The high concentration of TNF-o. may exacerbate
preexistent periodontal disease through the stimulation of
fibroblasts that promote the synthesis of degrading enzymes
and the stimulation of osteoclasts that activate bone resorp-
tion.'s The aim of this study was to evaluate radiographically
the effect of cafeteria-diet-induced obesity on alveolar bone
loss in rats subjected to periodontal disease.

Materials and methods
Animals
Twenty eight-week-old male Wistar rats were obtained

from the animal colony of the State University of West
Parana (UNIOESTE), Cascavel, Brazil, and maintained in

the vivarium section of the human physiology laboratory
at this institution, under controlled light (12-hour/12-hour
light/dark cycle, light from 7 am to 7 pm) and temperature
(21°C £2°C) conditions. The animals were randomly divided
into four groups. The control group (CON) received standard
diet and water; the control and ligature group (CONLIG)
received standard diet and water, but were subjected to
ligature-induced periodontal disease; the cafeteria group
(CAF) received cafeteria diet and soda for 24 weeks; and
the cafeteria and ligature group (CAFLIG) received cafeteria
diet and soda for 24 weeks, but were subjected to ligature-
induced periodontal disease. All experimental protocols were
approved by the Ethics Committee on Animal Experimenta-
tion (CEUA) at UNIOESTE.

Diet compositions

Animals receiving the cafeteria diet were fed on modified
food pellets containing 37.5% of standard ration, 25%
roasted peanuts, 25% chocolate bar, and 12.5% cornstarch
biscuit. The animals were also offered the following daily
additional food: savory snacks, chocolate wafer, industrial
cake, and soda without carbonation. The diet composition
and calories were as follows: cafeteria diet, 5.4 kcal/g
(38.5% carbohydrates, 15% protein, and 46.5% fat); and
standard diet, 3.8 kcal/g (70% carbohydrates, 20% protein,
and 10% fat).

Animal weighing
All animals were individually weighed once a week through-
out the experimental period.

Induced periodontal disease

At 140 days of age, the animals were anesthetized (xylazine
0.04 mL/100 g and ketamine 0.08 mL/100 g) and placed
on a proper operating table, which allowed open-mouth
maintenance of the rats to facilitate access to the teeth in
the posterior mandibular region. With the aid of modified
forceps and an exploratory probe, #40 cotton thread was
placed around the right mandibular first molar. This liga-
ture acted as a gingival irritant for 30 days and promoted
the accumulation of plaque and subsequent development of
periodontal disease.?

Obesity evaluation
At 170 days, the animals were weighed and the naso-anal

length was obtained to calculate the Lee index:

cube root of body weight (g)/naso-anal length (cm). [1]
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The animals were subsequently euthanized and
periepididymal and retroperitoneal fat were removed and
weighed.

Radiographic analysis

Immediately after they had been sacrificed, the mandible of
each animal was removed and fixed in buffered formalin (pH
7.2) for 48 hours. The hemimandibles were placed with the
lingual side on the periapical radiographic film (Dentus®;
Agfa-Gevaert NV, Mortsel, Belgium and Kodak® Ultraspeed,;
Eastman Kodak Company, Rochester, NY, USA) and placed
in a way that the buccal and lingual cusps of the first molars
remained on the same vertical plane. We used the GE 1000
X-ray machine (General Electric Company, Fairfield, CT,
USA), exposing it at 15 mA, 65 Vp, 18 impulses, focus/film
distance 50 cm with X-ray incidence perpendicular to the
pieces. To develop the films, we used Kodak® developer and
fixer solution (Eastman Kodak Company), respecting the
recommended time/temperature for film processing, then
scanned the films using a scanner for slides (Sprint Scan 35
Plus; Polaroid, Sao Paulo, Brazil). The scanned images were
analyzed in three steps using the Image Tool 3.0 program
(The University of Texas Health Science Center, San Antonio,
TX, USA), and the means were established through linear
measurement, which covered the distance from the cemen-
toenamel junction to the alveolar bone crest on the mesial
side of the right mandibular first molar of the rat, displaying
the measurements in pixels.*

Statistical analysis

The obtained data were analyzed and assessed by analysis
of variance (P<<0.01) and Tukey’s test was subsequently
carried out on all data (P<<0.01).

Results
Table 1 shows the mean values of the final weights (g),
naso-anal length (cm), and Lee index (g/cm) of rats in

Table | Values of final weight, naso-anal length, and Lee index of
rats in the pre-established groups

Group Final weight Naso-anal Lee index
() length (cm) (glem)
CON 472+ 1.0° 240+ 1.0° 320.7 £ 15.0°
CONLIG 460 +2.0° 240+ 1.0° 3169+ 10.0°
CAF 630 £5.5° 255%1.0° 336.0 £ 13.0°
CAFLIG 618 £2.5° 264+ 1.0° 3220+ 11.0¢

the pre-established groups. These results show that, on
average, the rats became significantly obese with the
cafeteria diet.

Table 2 shows the mean values of the weights of ret-
roperitoneal and periependymal fat of the rats in the pre-
established groups. These results show that, on average, there
was a significant difference in weight between the groups
with (CAF and CAFLIG) and without (CON and CONLIG)
induction of obesity.

Table 3 shows the mean values obtained from the X-ray
measurements. These results show significant difference
in alveolar bone loss when comparing the groups with or
without periodontal disease induced. Alveolar bone loss was
particularly high in the CAFLIG group.

Discussion

Several studies have been conducted to investigate the rela-
tionship between obesity and several chronic degenerative
diseases.!!?!22 Some studies show that obesity is a major risk
factor for the host as it increases the risk of developing peri-
odontal disease,''?! but further research is required because
literature is controversial in relation to the subject,?? which
contributes to justifying the present study.

The results shown in Tables 1 and 2 present the effec-
tiveness of the cafeteria diet proposed in our study on
inducing obesity in experimental animals by means of the
analysis of final weight, Lee index, and retroperitoneal and
periependymal fat, demonstrating a significant difference
between the values (P<<0.01), particularly when compared
with the CON and CAF groups without ligature-induced
periodontal disease. These results corroborate the studies
of de Paula et al® and Cesaretti and Kohlmann Junior,’
who showed that mice subjected to a carbohydrate and fat
overload become obese, a diet that influences total body
weight, leading to increased visceral fat, insulin resistance,
and hyperleptinemia.

Table 2 Values of the weights of retroperitoneal and
periependymal fat of established groups of mice

Group Retroperitoneal fats Periependymal fats
Weight Weight
&) (%) (2) (%)
CON 58+ 1.0° 1.2+0.2? 74+ 1.4 1.6 +0.3
CONLIG 6.0+ 1.0° 1.3+0.2° 72+1.0° |.6+0.2°
CAF 30.6 +4.0° 48+0.5° 143+£29° 23+04°
CAFLIG 26.0 £ 4.0° 42+0.7° 144+ 1.8 23+02°

Notes: Data are presented as mean * standard deviation. P<<0.01. *“Results were
statistically different within the same parameter assessed.

Abbreviations: CON, control group; CONLIG, control and ligature group;
CAF, cafeteria group; CAFLIG, cafeteria and ligature group.

Notes: Data are presented as mean =* standard deviation. P<<0.01. **Results were
statistically different within the same parameter assessed.

Abbreviations: CON, control group; CONLIG, control and ligature group;
CAF, cafeteria group; CAFLIG, cafeteria and ligature group.
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Table 3 Mean values of measurements of the distance from
the cementoenamel junction to the alveolar crest of rats in the
established groups

Group Mean * standard deviation (pixels)
CON 112£0.7
CONLIG 140 £ 0.5°
CAF 129 £ 0.4
CAFLIG 149 + 0.8¢

Notes: P<0.0l. *“Results were statistically different within the same parameter
assessed.

Abbreviations: CON, control group; CONLIG, control and ligature group;
CAF, cafeteria group; CAFLIG, cafeteria and ligature group.

These results may suggest the influence of fats in the
development of periodontal disease when radiographically
analyzed (Table 3). Adipose tissues are capable of producing
a number of biologically active molecules in which differ-
ent cytokines are found.?** Adipose tissues may therefore
exhibit functional and immunological characteristics.?*2%26
Studies on tissue culture show that, when fat cells from
obese mice are stimulated with lipopolysaccharide, they
significantly increase the release of TNF-o compared with
the fat cells in non-obese mice.”*?* The large quantities of
proinflammatory cytokines IL-1 and TNF-o, among other
interleukins, released directly, affect the tissues supporting
the teeth and induce loss of alveolar bone, cementum, and
periodontal ligament, which influence and contribute to the
increase or progression of periodontal disease.

Investigating the relationship between obesity, inflamma-
tion, insulin resistance, and periodontal disease, Genco et al*®
noted that BMI was directly related to the development of
periodontal disease, and that individuals with higher BMI
showed higher levels of TNF-o and its receptors. This result
shows the involvement of proinflammatory cytokines in the
development of periodontal disease.

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 CONLIG groups without induced obesity and
comparison between the CAF and CAFLIG groups with
induced obesity by cafeteria diet), there was a reduction in
these parameters (final weights and fats) in groups in which
periodontal disease was induced, although not statistically
significant, which would suggest that the ligature, contrib-
uting to the development of periodontal disease, may have
influenced the feeding behavior in the rat.

In this study, the results show that there was a statisti-
cally significant difference (P<<0.01) in alveolar bone loss
between the groups, and the groups with ligatures lost more
alveolar bone than their counterparts (Table 3). These results

corroborate the experimental study of Perlstein and Bissada,'!
who investigated the biological association between obesity
and periodontal disease. The authors investigated whether
obesity and/or hypertension may cause histological changes
in the periodontium of rats in the presence or absence of
ligature-induced periodontitis. They found that obese and/or
hypertensive rats had higher attachment loss than the control
group. Metabolic changes frequently observed in obese indi-
viduals may negatively affect the host immune-inflammatory
response,”’ causing a breach of homeostasis and reducing
tissue repair capacity.?®

In contrast, Simch et al*? evaluated the effect of over-
weight on alveolar bone loss in Wistar rats. Seventeen
60-day-old rats were randomly selected and exposed to the
cafeteria diet intake for 120 days. After that, the rats were sub-
jected to ligature placement for 30 days to induce periodontal
disease. Alveolar bone loss was analyzed morphometrically.
The results of the study showed no significant differences
regarding induced alveolar bone loss among the rats with and
without overweight. It is noteworthy that, in our study, the
animals were exposed to a high-fat diet for 170 days, thus
a longer period than in the studies of Simch et al,*> which
may have contributed to alveolar bone loss in our study. In
another study, Brandelero et al*® also showed that obesity had
a protective effect when periodontal disease was induced in
rats, which may be due to obesity having been induced by
another experimental model.

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.*® Another mechanism by which obesity
can affect bone metabolism is through receptor activator
of NF-kB (RANK), RANK ligand (RANK-L), and osteo-
protegerin (OPG), by which osteoblasts are capable of
regulating the differentiation and activity of osteoclasts. The
overproduction of proinflammatory cytokines such as IL-1,
IL-6, and TNF-o by adipocytes are capable of stimulating
the activity of osteoclasts by regulating RANK/RANKL/
OPG.*' Adipocytes may also directly regulate hematopoietic
progenitor cells of osteoclasts.*?

The direct or indirect production of leptin and adi-
ponectin related 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.>* With regard to
adiponectin, it has been observed that cytokine secreted by
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adipocytes has an anti-inflammatory action which is associ-
ated with the reduction of osteoclastogenesis, bone resorp-
tion, and stimulation of osteoblastogenesis.>* However, the
plasma concentration of this cytokine is decreased in obese
compared with non-obese individuals.* Finally, the calcium
absorption seems to be diminished in the presence of high-
fat diets.**

Since obesity is a disease with systemic characteristics,
we can infer that the effects of obesity on bone tissue act on
the periodontal tissues and alveolar bone, which is in agree-
ment with the results of the present study, which found that
the association of obesity and periodontal disease contributed
to greater alveolar bone loss in the animals.

Conclusion

Within the limits of our experimental study, it may be
concluded that cafeteria diet induced obesity led to greater
alveolar bone loss in obese rats, as assessed radiographically,
suggesting that obesity can contribute to further progression
of periodontal disease.

Disclosure
The authors report no conflicts of interest in this work.
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