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Abstract
Objectives This study assessed the influence of obesity on the
progression of ligature-induced periodontitis in rats.
Materials and methods Forty-eight adultWistar rats were ran-
domly divided into two groups: the HL group (n = 24) was fed
high-fat animal food to induce obesity, and the NL group
(n = 24) was fed normolipidic animal food. Obesity was in-
duced within a period of 120 days, and the induction of ex-
perimental periodontitis (EP) was subsequently performed for
30 days. The animals were euthanized after 7, 15, and 30 days,
and the jaws were removed for histopathological, histometric,

and immunohistochemical analyses. Tartrate-resistant acid
phosphatase (TRAP), receptor activator of nuclear factor kap-
pa beta ligand (RANKL), and osteoprotegerin (OPG) were
analyzed via immunolabeling.
Results Histological findings indicated that the inflammation
was more extensive and lasted longer in the HL⁄EP; however,
advanced destruction also occurred in the NL/EP. Greater
bone loss was verified in the HL/EP group (2.28 ± 0.35) in
the period of 7 days than in the NL/EP group (1.2 ± 0.29).
High immunolabeling was identified in the HL/EP group in
the initial periods for RANKL and TRAP, whereas the NL⁄EP
group presented with moderate immunolabeling for both fac-
tors. The HL/EP and NL/EP groups showed low immunola-
beling for OPG.
Conclusions Obesity induced by a high-fat diet influenced
alveolar bone metabolism when associated with experimental
periodontitis and caused a more severe local inflammatory
response and alveolar bone loss.
Clinical relevance Obesity is related to greater alveolar bone
loss and an accentuated local inflammatory response, which
may be reflected in the clinical severity of periodontitis and
dental loss.

Keywords Periodontitis .Alveolarbone loss .Obesity .Body
weight . Rats . Inflammation

Introduction

Periodontitis is a chronic infectious and inflammatory dis-
ease caused by periodontopathogens, which lead to the
destruction of the tissues that support the teeth [1].
Serum levels of pro-inflammatory cytokines, such as in-
terleukin-1beta, interleukin-6, and tumor necrosis factor-
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alpha (TNF), have been shown to be high in patients with
severe chronic periodontitis [2]. Moreover, these cyto-
kines are elevated in the adipose tissues of obese individ-
uals [3].

Adipose cells secrete bioactive molecules collectively re-
ferred to as adipokines (leptin and adiponectin), classical cy-
tokines (tumor necrosis factor-alpha and interleukin-6), pro-
teins involved in vascular hemostasis (inhibitor of plasmino-
gen activator-1), regulators of blood pressure (angioten
sinogen), promoters of angiogenesis (vascular endothelial
growth factor), and the respondents of acute phase protein
(C-reactive protein) [4].

Based on evidence that adipose tissue serves as a res-
ervoir of inflammatory cytokines, it is possible to suggest
that an increase in body fat results in a larger and more
active inflammatory response of the host in cases of peri-
odontal disease [4, 5]. The potential causal relationship
between obesity and periodontitis, as well as the potential
biological mechanisms, must be established. However,
findings have pointed to the involvement of similar path-
ways in the pathophysiology of obesity, periodontal dis-
ease, and other related inflammatory diseases [6].

Systematic literature reviews and meta-analyses of
clinical trials have supported the idea that obesity may
be considered a risk factor for periodontitis [7, 8].
Findings from animal models indicated that obesity poten-
tially influences the pathogenesis of experimental peri-
odontitis and led to greater alveolar bone loss [9, 10],
whereas other findings showed no influence of obesity
on bone loss in rats with ligature-induced periodontitis
[11–13]. The present study aims to assess the influence
of induced obesity on the bone loss, local inflammatory
response, osteoclast recruitment and main regulators of
osteoclastogenesis, and osteoclastic activation in rats with
ligature-induced periodontitis.

Materials and methods

Selection of animals

Seventy-one adult male rats (Rattus norvegicus albinus,
Wistar) were maintained for 2 weeks in a vivarium at
the University Center of Educational Foundation of
Barretos (UNIFEB), and a rout ine with an air-
conditioned environment and a 12-h light-dark cycle was
provided. The study protocol was approved by the
Committee for Animal Experimentation of Araçatuba
(CEUA, n. 00263-2012).

The animals were randomly divided into two groups of
diet: the NL group—animals fed standard normolipidic ani-
mal food (Presence rats and mice®, São Lourenço da Mata,
Pernambuco, Brazil) and the HL group—animals fed a high-

fat diet (PragSoluções, Jaú, Sao Paulo, Brazil). Initially, 41
rats were allocated to the HL group and 30 rats were allocated
to the NL group during the period from October to December
2012. A larger number of rats were allocated to the HL group
for the selection of animals prone to obesity 60 days after
high-fat diet initiation, according to the study of Cabeço
et al. [14].

Of the 41 animals in the HL group, 12 animals were ex-
cluded from the study because they had resistance to obesity
as detected by low weight gain (1.75–6.75%) [14], 3 animals
were excluded because of blood glucose levels > 300 mg/dl
[15, 16], and 2 animals died. Of the 30 animals in the NL
group, 2 animals were excluded because of glucose levels >
300 mg/dl, and 4 rats died. Thus, 24 animals in the HL group
and 24 rats in the NL group were included in the study at day
0, which was considered baseline. The experimental design is
shown in Fig. 1.

Obesity induction protocol

The animals in the HL group were fed a high-fat diet in
which the composition of macronutrients was 35% ethe-
real extract (fat), 26% raw protein, 25% carbohydrates,
8% mineral material, and 6% raw fiber. The animals were
fed the high-fat diet for a period of 120 days (16 weeks)
to induce obesity, whereas the NL group was fed through-
out the same period with normolipidic animal food that
contained 42.8% carbohydrate, 23% raw protein, 4%
ethereal extract, 10% mineral material, and 5% raw fiber.
The animals were weighed weekly throughout the exper-
imental period, and the normolipidic or high-fat animal
food was provided until the end of the experiment. The
animals were considered obese if they had a weight dif-
ference of at least 15% relative to the weight of the con-
trol group animals up to the period of 120 days [11]. The
Lee index was also used as a predictor of obesity in rats
and was calculated by the ratio of the cube root of body
weight (g)/nasoanal length (cm) × 1000.

Protocol for induction of experimental periodontitis

Anesthesia via intramuscular injection with ketamine hy-
drochloride (70 mg/kg; Vetaset®; Fort Dodge Animal
Health, Fort Dodge, IA, USA) and xylazine hydrochloride
(6 mg/kg; Coopazine, Coopers, Sao Paulo, SP, Brazil) was
performed for the induction of experimental periodontitis
(EP). The animals were positioned on the operating table
to facilitate access to the molars. With the aid of a probe
and clamp modified for this purpose, a number 24 cotton
thread (Coats Corrente, Sao Paulo, SP, Brazil) (Cotton chain
number 10) was placed around the right lower first molars
and maintained with a knot for the induction of EP [17, 18].
The molar on the left side of each animal served as a control
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(C) to assess the systemic effects of obesity. Seven days
after the end of the obesity induction, the day of the ligature
installation was considered the baseline (Fig. 2).

Experimental periods

The animals were euthanized at 7, 15, or 30 days after the
baseline. Eight animals from each group were euthanized by
anesthetic overdose (Thiopental 150 mg/kg; Cristalia,
chemicals pharmaceuticals Ltd., Itapira, SP, Brazil). The jaw
of each animal was removed, separated in half, and fixed in
4% buffered formaldehyde for 48 h.

Analysis of blood glucose levels

Blood samples from the tail were collected in tubes that
contained heparin (Heparin Sodium; Roche, Sao Paulo,
SP, Brazil) [19]. Following centrifugation of the blood
to obtain plasma, glucose was measured via enzymatic
method of a glucose-oxidase RA-XT autoanalyzer
(Technicon Bayer Diagnostics, Dublin, Ireland). The gly-
cemia was measured (mg/dl) at day −7, baseline (day 0),
and each experimental time point of 7, 15, and 30 days,
and the animals’ weights were obtained at the same time

points [19]. At day −7, three animals that presented glu-
cose levels > 300 mg/dl were excluded from the HL
group, and two rats were excluded from the NL group.
At baseline until the end of the experiment, no animal had
a glucose level greater than 300 mg/dl.

Laboratory processing

After the fixation period, the specimens were demineralized in
10% EDTA (Sigma Chemical Co., USA). Processing of the
samples was conducted in a conventional manner, embedded
in paraffin, and sectioned with 4 μm thickness in a semi-serial
form in a mesiodistal direction. Some specimens were stained
using the hematoxylin and eosin (HE) method, and other spec-
imens were submitted to the indirect immunoperoxidase
method [17]. For the immunohistochemical reactions, histo-
logical sections were deparaffinized in xylene and rehydrated
in decreasing series of ethanol. The antigen retrieval was per-
formed by immersion of the histological sections in a buffer
solution (Diva Decloaker®; Biocare Medical, Concord, CA,
USA) in a pressurized chamber (Decloaking Chamber®;
Biocare Medical) at 95 °C for 10 min. The sections were
washed with 0.1 M phosphate buffer saline (pH 7.4) at the
end of each stage of the immunohistochemical reaction. The
histological sections were immersed in 3% hydrogen peroxide
for 1 h and 1% bovine serum albumin for 12 h to block the
endogenous peroxidase activity and the non-specific sites, re-
spectively. The histological sections that contained samples of
the groups were divided into three baths, and each bath was
incubated with one of the following primary antibodies: goat
anti-TRAP (1:200, SC 30833, Santa Cruz Biotechnology,
Santa Cruz, CA, USA), goat anti-RANKL (1:100, SC 7628,
Santa Cruz Biotechnology, Santa Cruz, CA, USA), or goat
anti-OPG (1:100, SC 8468, Santa Cruz Biotechnology,
Santa Cruz, CA, USA). The primary antibodies were diluted
in phosphate buffered saline with 0.1% Triton X-100 (Sigma
Chemical Co., USA) and were placed in a humid chamber for
24 h. The histological sections were incubated with a biotinyl-
ated secondary antibody for 2 h and were subsequently treated
with horseradish peroxidase-conjugated and streptavidin for
1 h (Universal Dako Labeled Streptavidin-Biotin kit®; Dako
Laboratories, Carpinteria, CA, USA). The reactions were

Fig. 2 Clinical aspect of the first lower molar 7 days after ligature
installation

Fig. 1 Experimental design
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Table 1 Parameters assessed in histologic analysis of the mandibular first molar according to groups and time point and distribution of specimens per
scores

Parameters and respective scores Percentage of the animals

Experimental groups

NL-C
Time points (days)

NL-EP
Time points (days)

HL-C
Time points (days)

HL-EP
Time points (days)

7 15 30 7 15 30 7 15 30 7 15 30

Intensity of local inflammatory infiltrate

(0) Absence of inflammation 100% 100% 100% 0% 0% 0% 100% 100% 100% 0% 0% 0%

(1) Small amount of inflammatory cells 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

(2) Moderate amount of inflammatory cells 0% 0% 0% 75% 75% 88% 0% 0% 0% 0% 0% 50%

(3) Large amount of inflammatory cells 0% 0% 0% 25% 25% 12% 0% 0% 0% 100% 100% 50%

Extension of inflammatory infiltrate

(0) Absence of inflammation 100% 100% 100% 0% 0% 0% 100% 100% 100% 0% 0% 0%

(1) Extending to part of the connective tissue of the furcation
area

0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

(2) Extending to the whole connective tissue of the
furcation area

0% 0% 0% 75% 75% 100% 0% 0% 0% 0% 0% 12%

(3) Extending to the whole connective tissue and
to the bone tissue of the furcation area

0% 0% 0% 25% 25% 0% 0% 0% 0% 100% 100% 88%

External root resorption (Cementum and dentin)

(0) Absent 100% 100% 100% 0% 0% 0% 100% 100% 100% 0% 0% 0%

(1) Only inactive resorption areas 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

(2) Few active resorption areas 0% 0% 0% 75% 100% 100% 0% 0% 0% 0% 50% 50%

(3) Many active resorption areas 0% 0% 0% 25% 0% 0% 0% 0% 0% 100 50% 50%

Alveolar bone resorption

(0) Within normality patterns 100% 100% 100% 0% 0% 0% 100% 100% 100% 0% 0% 0%

(1) Small amount of resorption bone 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

(2) Moderate amount of resorption bone 0% 0% 0% 50% 75% 100% 0% 0% 0% 0% 0% 50%

(3) Large amount of resorption bone 0% 0% 0% 50% 25% 0% 0% 0% 0% 100% 100% 50%

Pattern of structuration of the connective tissue

(0) Moderate amount of fibroblasts and large
amount of collagen fibers (dense connective tissue)

100% 100% 100% 0% 0% 0% 100% 100% 100% 0% 0% 0%

(1) Moderate amount of both fibroblasts and
collagen fibers

0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

(2) Small amount of both fibroblasts and collagen
fibers; presence of intersticial edema

0% 0% 0% 50% 75% 75% 0% 0% 0% 0% 0% 12%

(3) Severe tissue breakdown with intersticial edema
and necrotic areas

0% 0% 0% 50% 25% 25% 0% 0% 0% 100% 100% 88%

Pattern of structuration of the bone alveolar

(0) Bone trabeculae with regular contour coated with
active osteoblasts, including areas of new bone formation

100% 100% 100% 0% 0% 0% 100% 100% 100% 0% 0% 0%

(1) Bone trabeculae with irregular contour coated with
active osteoblasts and osteoclasts

0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

(2) Bone trabeculae with irregular contour coated with
active osteoclasts

0% 0% 0% 50% 75% 75% 0% 0% 0% 0% 0% 12%

(3) Areas of necrotic bone and bone trabeculae with
irregular contour coated with active osteoclasts

0% 0% 0% 50% 25% 25% 0% 0% 0% 100% 100% 88%
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developed using a 3,3’diaminobenzidine tetra-hydrochloride
(DAB) chromogen (DAB chromogen kit®, Dako
Laboratories, USA) and counterstained with Harris hematox-
ylin. The negative controls were treated with the previously
described procedures without the primary antibodies [17].

Histologic analysis

The histologic analysis was conducted with the use of HE
staining, and it was performed by a certified histologist (EE)
using a light microscope. The parameters analyzed were as
follows: intensity of local inflammatory response, extension
of inflammatory infiltrate and external root resorption (cemen-
tum and dentin), alveolar bone loss, pattern of structuration of
the connective tissue, and pattern of structuration of the alve-
olar bone [20].

Histometric analysis

For the analysis of the inter-radicular bone level, we
employed HE staining. The area expressed in mm2 of
bone loss (BL) in the furcation region was measured
using an image analysis system (Axiovision 4.8.2; Carl
Zeiss MicroImaging GmbH, 07740 Jena, Germany).
After exclusion of the first and last sections in which the
furcation region was evident, five equidistant sections of
each tooth were selected for histometric analysis and
photographed with a digital camera attached to the micro-
scope (AxioStar Plus; Carl Zeiss MicroImaging GmbH,
07740 Jena, Germany). BL was assessed by measuring
the extent of the area between the bone crest and the
surface of the furcation ceiling cementum. The selection
of the histological sections for histological and
histometric analyses were performed by a trained examin-
er who was blind to the experimental conditions (ML).
The BL of each specimen was measured three times by
the same examiner and on different days. The three mea-
surements obtained were statistically analyzed for concor-
dance analysis with a 5% significance level (Kappa). The
average values were compared statistically [16].

Immunohistochemical analysis

The histological sections were examined under bright-field
microscopy. A calibrated examiner (LHT) who was blinded
to the experiment selected the sections for immunohistochem-
ical analysis. Immunohistochemical analysis was performed
by one blinded examiner (EE). Quantitative analyses of the
immunolabeled cells were performed for TRAP in an area of
1000 × 1000 μm in the center of the interradicular septum of
the left first mandibular. The crown outline of this area was the
alveolar bone crest, from which it extended apically for a
distance of 1000 μm. The value of each section was measured

three times by the same examiner on different days to reduce
the variations in the data. RANKL and OPG were analyzed in
the central area of the furcation region of an area of
3200 × 300 μm under × 400. The area coronary limit was
the furcation top, which was extended apically for the distance
of 3200 μm. Semi-quantitative RANKL and OPG analyses
were performed for the alveolar bone and periodontal liga-
ment in this area. Three histological sections were used for
each animal, and the criterion for considering the
immunolabeling for RANKL and OPG were as follows [17,
21]: score 0, absence of immunolabeling (total absence of
immunoreactivity—IR—in the cells); score 1, low
immunolabeling (IR in approximately 1/4 of the cells per ar-
ea); score 2, moderate immunolabeling (IR in approximately
1/2 of the cells per area); and score 3, high immunolabeling
(IR in approximately 3/4 of the cells per area).

Intra-examiner reproducibility

Prior to performing the histometric and immunohistochemical
analyses, the examiner was trained (ML and EE) through dual
measurements of 24 specimens with a 1-week interval. A
paired t test was calculated, and no difference was identified
between the mean values of the two measuring times
(p > 0.05). In addition, Pearson’s correlation coefficient
showed a high correlation (0.95) between the two measuring
times for both the histometric analysis and the immunohisto-
chemical analysis.

Statistical analysis

Power calculations showed that with a sample of 8
(p < 0.05), the power of the study was 95%. The hypoth-
esis that the BL and the number of TRAP-positive cells in
the furcation region would not differ among the groups
and periods was tested. The normality of the histometric
data of the BL, TRAP-positive cells, and blood glucose
values was analyzed using the Shapiro-Wilk test. The
intra- and intergroup analyses were performed through
the analysis of variance test (ANOVA) (P < 0.05). When
the ANOVA detected a statistically significant difference,
multiple comparisons were made using Tukey’s test
(P < 0.05). The percentage of fattening was calculated,
and a statistically significant difference was identified by
the Binomial test. Differences in the weight and Lee Index
were analyzed via t tests (P < 0.05). The non-parametric
Kruskal-Wallis test was used to compare the ranks
(RANKL and OPG) of the groups. This test was followed
by the non-parametric Dunn test when the Kruskal-Wallis
test suggested a significant difference among the groups
(p < 0.05). Statistical analyses were conducted using
Bioestat software (Bioestat 5.0, Manaus, AM, Brazil).
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Results

Fattening and glycemic analyses

The results indicated higher levels of body weight and the Lee
Index in the HL animals than the NL animals (p < 0.01;
Supplementary material). The mean (± SD) blood glucose
l e v e l s ( m g / d l ) w e r e a n a l y z e d a t b a s e l i n e
(NL = 144.9 ± 57.5; HL = 118.1 ± 22.3), 7 days
(NL = 147.7 ± 62.4; HL = 120.4 ± 27), 15 days
(NL = 263.8 ± 29; HL = 240.3 ± 40.5), and 30 days
(NL = 174.2 ± 6.6; HL = 196.85 ± 61.9). There were no
statistically significant differences between the NL and HL
groups in all experimental time points (p ≥ 0.05).

Histological analysis

Table 1 shows the distribution of specimens according to each
parameter assessed in the histologic assessment. In the control
(C) groups that received the normolipidic diet (NL/C) and
high-fat diet (HL/C), the histological characteristics of the
periodontal tissue exhibited a normal pattern and showed a
similarity in all experimental periods. The bone trabeculae

were fairly thick and were delimiting small medullary spaces
filled by bone hematogenous marrow (Fig. 3).

The histological characteristics presented by the NL/EP
(Fig.4) and HL/EP (Fig.5) groups were similar; however, the
degree of tissue disruption and the magnitude of the local
inflammatory response were more marked, particularly in
the early stages in the HL/EP group. On the seventh day, an
intense inflammatory infiltration was identified throughout
the connective tissue of the furcation area. All specimens in
this group had spikes of necrotic bone, with large dimensions
in the HL/EP group, which were surrounded by inflammatory
cells in the furcation area. The interradicular septum was sub-
stantially reduced, very rough, and had a very thin height of
bone trabeculae; on the surface, a substantial number of active
osteoclasts were identified, even in the later periods. On the
15th and 30th days, the inflammation remained intense; how-
ever, compared with the 7th day, in both groups, there was a
reduction in the volume occupied by inflammatory
infiltration.

Histometric analysis

Table 2 shows higher levels of BL for both groups with the
normolipidic diet (NL/EP) and the high-fat diet (HL/EP) with

Fig. 3 Photomicrographs
highlighting the periodontal
tissues of rats treated with a
normolipidic diet (group NL/C;
a–c) or high-fat diet (group HL/C;
d–f). Histological characteristics
were similar in both groups,
showing aspects of normality.
Abbreviations and symbols: ab,
alveolar bone; ce, radicular
cementum; pdl, periodontal
ligament. Staining: hematoxylin
and eosin (HE). Original
magnification × 160. Scale bars
120 μm
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experimental periodontitis than the control groups (NL/C and
HL/C) at all experimental time points (7, 15, and 30 days)
(p < 0.05). The intergroup analysis for EP (NL/EP × HL/EP)
indicated more BL in the HL/EP group than the NL/EP group
at 7 days (p < 0.05).

Immunohistochemical analysis

The immunohistochemical method used for the detection of
RANKL, TRAP, and OPG yielded high specificity in the de-
tection of these proteins, as evidenced by the total absence of
labeling in the negative control. Immunoreactive cells and the
extracellular matrix exhibited a brownish color. Figure 6
shows similar amount of osteoclasts TRAP-positive in the
NL/C and HL/C groups and a high number of osteoclasts
TRAP-positive in the NL/EP and HL/EP groups. Figure 6
indicates smaller amounts of TRAP-immunoreactive osteo-
clasts in the NL-C and HL-C groups at 7, 15, and 30 days than
the NL-EP and HL-EP. Similar numbers of TRAP-positive
cells were verified at 7, 15, and 30 days for the control groups
(NL/C and HL/C). The HL/EP group presented greater
TRAP-positive cells than the NL/EP at 7 (p < 0.01), 15
(p < 0.01), and 30 days (p < 0.05). The HL/EP group showed

the highest number of TRAP-immunoreactivity osteoclasts at
7 days.

There was a high pattern of immunolabeling for RANKL
after 7 days of removing the ligature and a low pattern of
immunolabeling for OPG after 15 days of removing the liga-
tu re in the NL/EP and HL/EP groups (F ig . 7) .
Immunolabeling for RANKL and OPG was predominantly
expressed in cells in the bone and connective tissue in the
furcation region. The immunolabeling for RANKL was low
(score 1) in the groups without EP and moderate (score 2) in
the NL/EP group at all time points. RANKL was high in the
HL/EP group (score 3) at 7 and 15 days and moderate at
30 days. There was a statistically significant difference among
NL/C, HL/C, and HL/EP for RANKL immunolabeling at
7 days (p < 0.05). The immunolabeling for OPG was low
(score 1) in all groups, with the exception of NL/C at 7 days
(score 2; Fig. 7).

Discussion

Our histological results showed that the periodontal attach-
ment exhibited characteristics of a normal pattern between

Fig. 4 Histopathological
appearance in the furcation region
of the mandibular molar focusing
on the evolution of EP in rats with
a normolipidic diet (group NL/
EP). Histopathological features
after 7 (a and d), 15 (b and e), and
30 (c and f) days post-ligature
placement. Abbreviations and
symbols: ab, alveolar bone; nb,
necrotic bone; asterisks:
inflammatory infiltrate. Staining:
hematoxylin and eosin (HE).
Original magnification: a–c, ×
100; d–f, × 250. Scale bars: a–c,
250 μm; d–f, 100 μm
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the groups without periodontitis, independent of the presence
of induced obesity. The surface of the alveolar bone tissue was
full of osteoblasts and had well-delimited bone trabeculae and
thick medullary spaces. Therefore, it may be inferred that
obesity alone did not cause notable structural changes in

periodontal tissues. These results corroborate the morpholog-
ical findings obtained by Felipetti et al. [22]; however, it must
be emphasized that the obesity induction in our study was
exogenous, whereas it was endogenous in the previous study.
Moreover, it was verified that obesity alone, not associated
with EP, was not able to influence greater alveolar bone loss,
which confirmed the histological data.

Our results also demonstrated that the local inflammation
appears more extensive, with a greater magnitude and longer
lasting in the obese animals with EP. In addition, it was noted
that the chronicity of the process was delayed in these animals.
These same findings were obtained in another study in rats,
which indicated that the number of polymorphonuclear leuko-
cytes was higher in the periodontitis combined with obesity
group [12]. Other findings showed that in the high-fat diet-
induced obesity mice, the periodontal ligament fibers were
disrupted, i.e., they lost their orientation with respect to the
bone surface, and constriction of the periodontal ligament
space was inhibited [23].

There was a statistically significant difference between the
groups regarding the bone loss in the furcation region, and the
groups with EP showed greater bone loss than their respective
controls without ligation. These findings are in agreement

Fig. 5 Histopathological
appearance in the furcation region
of the mandibular molar focusing
on the evolution of experimental
periodontitis in rats with a high-
fat diet (group HL/EP).
Histopathological features after 7
(a and d), 15 (b and e), and 30 (c
and f) days post-ligature
placement. Note the severe tissue
disorganization and the
substantial magnitude of the local
inflammatory response.
Abbreviation and symbols: ab,
alveolar bone; nb, necrotic bone;
asterisks: inflammatory infiltrate.
Staining: hematoxylin and eosin
(HE). Original magnification: a–
c, × 100; d–f, × 250. Scale bars:
a–c, 250 μm; d–f, 100 μm

Table 2 Mean and standard deviations (M ± SD) of the histometric
data for bone loss (BL) in mm2 in the furcation region of the mandibular
first molars according to groups and time points

Groups BL

7 days 15 days 30 days

NL/C 0.12 ± 0.08 a A 0.07 ± 0.08 a A 0.25 ± 0.45 a A

NL/EP 1.2 ± 0.29 ª B 0.79 ± 0.62 b B 1.72 ± 0.96 a B

HL/C 0.18 ± 0.07 a A 0.09 ± 0.06 a A 0.57 ± 0.73 a A

HL/EP 2.28 ± 0.35 a C 1.4 ± 0.53 b B 1.21 ± 1.02 b B

Different lower case letters (a, b, c) indicate statistically significant dif-
ference among time points (7, 15, and 30 days) in the same group
(ANOVA and Tukey’s test; p < 0.05)

Different capital letters (A, B, C) indicate statistically significant differ-
ence among groups at the same time point (ANOVA and Tukey’s test;
p < 0.05)
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with the results of other experimental studies [10, 12, 16, 18,
24]. Moreover, the alveolar bone loss was greater in the rats
with obesity associated with EP, which is also in accordance
with previous studies, thus suggesting that obesity may in-
crease the severity of periodontal disease [9, 10]. High-fat
diet-induced obesity may trigger alveolar bone loss and in-
crease the risk of spontaneous periodontal disease in growing
mice [23]. However, other authors did not identify an increase
in alveolar bone loss in obese rats with periodontitis compared
with non-obese rats [11–13]. These differences in results may
be explained by methodological differences because some au-
thors used histometric analyses [12], whereas other authors
used morphometric measurements [11]. Furthermore, a recent
meta-analysis indicated that whether patients who exhibit
chronic periodontitis with obesity have elevated proinflamma-
tory gingival crevicular fluid biomarker levels compared with
non-obese subjects remains debatable [25].

The greatest bone loss observed in the rats with obesity and
EP occurred at the 7 day time point (p < 0.05), and it decreased

by the 15 and 30 day time points. One hypothesis that may
explain our findings is related to the study by Amar et al. [9].
These authors demonstrated that rats with obesity and induced
periodontitis showed a delay in the response to TNF-α serum
in response to Porphyromonas gingivalis (P.g.), with the
highest peak on the 7th day and a significant cancelation over
the following days. This finding may indicate an attenuated
systemic immune response to P.g. in the group with induced
obesity, which supports the hypothesis that obesity may alter
the innate immune response to P.g.; however, it undermines its
role in the elimination or aggravation of the periodontal bone
loss. These results are understandable because there is com-
pensation in the host organism’s defense mechanism during
longer periods of EP progression compared with the initial
periods of EP [26]. Furthermore, there are obesity-related mol-
ecules, such as adipokines, which are bioactive molecules
secreted by adipose tissue that regulate the inflammatory and
healing processes. Thus, since visfatin and leptin levels are
increased and adiponectin levels are reduced in obesity, these

Fig. 6 Immunolabeling for
TRAP in the furcation region of
the lower first molars. a Graphic
indicates the mean and standard
deviations (M ± SD) of the
TRAP-positive cells in the
furcation region of the
mandibular first molars according
to groups and time points.
Different lower case letters (a, b,
c) indicate statistically significant
difference among time points (7,
15, and 30 days) in the same
group (ANOVA and Tukey’s test;
p < 0.05). Different capital letters
(A, B, C) indicate statistically
significant difference among
groups at the same time point
(ANOVA and Tukey’s test;
p < 0.05). Photomicrographs
illustrating the pattern of
immunolabeling for TRAP in the
groups NL/C (b), HL/C (c), NL/
EP (d), and HL/EP (e) after
7 days. Note the similar amount
of TRAP-positive cells in NL/C
(b) and HL/C (c) and the high
number of osteoclasts TRAP-
positive in NL/EP (d) and
specially HL/EP (e).
Abbreviations and symbols: ab,
alveolar bone; arrowheads,
immunolabeling cells. Counter
staining: Harris Hematoxylin.
Original magnification × 1000.
Scale bars 30 μm

Clin Oral Invest (2018) 22:1197–1208 1205



adipokines may be a pathomechanistic link by which obesity
and obesity-related diseases enhance the risk for periodontitis
and compromised periodontal healing [27].

Our data showed higher immunolabeling of TRAP and
RANKL in the initial periods of periodontitis in both groups
(HL and NL), and the periodontal inflammatory response was
more pronounced in obese animals (HL). The animals in the
HL/EP group presented greater TRAP-positive cells than the
animals in the NL/EP group. RANKL was high in the HL/EP
group (score 3) at 7 and 15 days and moderate at 30 days.
There was greater RANKL immunolabeling in HL/EP than in
NL/EP at 7 days. These results suggest that obesity is capable
of effectively influencing the recruitment and activity of bone
tissue and connective tissue cells in the periodontium, as well
as increasing the severity of periodontal disease in the exper-
imentally induced sites. This finding is in line with previous

studies [28] that have reported an exacerbated systemic in-
flammation in obese individuals with an increased production
of proinflammatory cytokines, such as interleukin 1 (IL-1),
interleukin 6, and tumor necrosis factor alpha, by adipocytes,
which are able to promote osteoclast activity by regulation of
the RANK/RANKL/OPG system. Similarly, adipocytes may
directly regulate hematopoietic progenitor cells of osteoclasts
[29], which may explain why we observed the increase in the
recruitment of osteoclasts and greater bone loss in the HL/EP
group. A recent study also showed that the effect of central
adiposity on future periodontitis progression is conditional on
proinflammatory IL-1 genetic variations [30].

Several studies have combined this model of EP with
models of obesity induction by a hypercaloric diet to achieve
satisfactory weight gain in rats to assess the relationship be-
tween periodontal disease and obesity and identify potential

Fig. 7 Immunolabeling for
RANKL and OPG in the
furcation region of the lower first
molars. Graphics indicate the
median and first and third
quartiles of the RANKL (a) and
OPG scores (f) in the furcation
region of the mandibular first
molars according to groups and
time points. Photomicrographs
illustrating the pattern of
immunolabeling for RANKL (b–
e) and OPG (g–j) in the groups
NL/C (b and g), HL/C (c and h),
NL/EP (d and i), and HL/EP (e
and j). A high pattern of
immunolabeling for RANKL was
observed after 7 days of removing
the ligature, and a low pattern of
immunolabelingwas observed for
OPG after 15 days of removing
the ligature in the NL/EP and HL/
EP groups. Abbreviations and
symbols: ab, alveolar bone;
arrowheads, immunolabeling
cells. Counter staining: Harris
Hematoxylin. Original
magnification: × 1000. Scale bars
30 μm. *Difference compared to
the NL/C and HL/C at 7 days
(p < 0.05; Kruskal-Wallis and
Dunn test)
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mechanisms involved [9–13]. Our findings corroborate these
studies and showed that the hypercaloric diet was able to in-
duce weight gain in the animals tested compared with animals
fed standard animal food. This approach has been a good
model for the induction of exogenous obesity, whereas endog-
enous obesity may be induced by other experimental models,
such as the subcutaneous injection of monosodium glutamate;
however, this method may generate conditions that are not
ideal for investigations of the development and progression
of periodontal disease [22]. Other authors have also assessed
EP in models with obese Zucker rats that bear a recessive
autosomal mutation for the leptin receptor gene, which causes
chronic hyperphagia and morbid obesity [12].

The timing of obesity induction should also be taken into
account as different stages of obesity may lead to different
severities of systemic inflammation [31–33]. In this study,
we employed a time period of 16 weeks to induce obesity,
whereas previous studies have shown that less than 8 weeks
of feeding with a hypercaloric diet resulted in mild systemic
inflammation [31] or 16 or more weeks of induction resulted
in moderate to morbid obesity, with a moderate or severe
inflammatory response [32, 33]. This variation in the induc-
tion time of obesity may explain the inconsistencies between
studies. For example, in a study by Simch et al. [11], the
authors suggested that the establishment and progression of
ligature-induced alveolar bone loss in rats was not influenced
by body weight; however, the animals showed only an over-
weight condition because obesity was not reached.

Our study is one of the first investigations to show the
effects of obesity on periodontal disease with bone markers,
such as RANKL, OPG, and TRAP. We also demonstrate that
obesity affects the regulation of bone metabolism when asso-
ciated with periodontal disease. Future studies should be per-
formed to assess the effect of periodontitis on the organs and
tissues involved.

Within the limits of this study, it may be concluded that the
joint effect of obesity induced by a high-fat diet and periodon-
titis influenced the alveolar bone metabolism with greater
bone loss, prolonged exacerbation of periodontal inflammato-
ry response and a positive modulation of ostoclastogenesis
and osteoclast activity via RANKL upregulation.
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