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Abstract

Background: Obesity is a worldwide epidemic and its prevalence
has doubled in recent years. Studies report that obesity may posi-
tively or negatively influence on bone mass resulting in formation
or resorption. Furthermore, there is evidence suggesting that some
obesity surgical treatments can also result in bone resorption. Thus,
the aim of this study was to determine the consequences of mono-
sodium glutamate (MSG)-induced obesity and modified duodenal-
jejunal bypass (modDJB) surgery on the mandibular alveolar bone
of rats.

Methods: A total of 18 rats were divided into CON group (n =
6), MSG group (n = 6) and MDJB group (n = 6). During the first
5 days of life, the CON group received saline injections, and the
MSG and MDIJB groups received MSG injections to induce obesity.
At 90 days, the MDJB group underwent modDJB surgery. After 2
months, all animals were euthanized; the right hemi-mandible was
dissected, processed and submitted to histological analysis. The
quantification of osteocytes and osteoclasts and the measurement
of the distance between cementum enamel junction and bone crest
(CEJ-BC) were performed. The data were analyzed and evaluated
using ANOVA and Tukey’s tests.
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Results: The results showed that MSG-obese rat had a lower
mandibular alveolar bone resorption in comparison with the CON
group. However, modDJB surgery contributed to the increase of
bone resorption.

Conclusions: Based on these results, the present study concluded
that this type of induction of hypothalamic obesity was beneficial to
the mandibular bone, but modDJB surgery showed malefic effects
on this bone.
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Introduction

Obesity is a worldwide epidemic and its prevalence has du-
plicated over the past years. According to the World Health
Organization, 200 million men and 300 million women are
already considered obese [1]. The disease is characterized
as a multifactorial disorder and it is the result of different
exogenous factors: stress, anxiety [2], lack of physical ac-
tivity, sedentarism, bad eating habits and high-fat food con-
sumption [3]. However, there are also endogenous factors,
such as craniopharyngiomas, which lead to alterations in the
hypothalamo-pituitary axis and may be responsible for the
development of obesity. But, in this case, these alterations
result in a kind of disease called hypothalamic obesity [4, 5].

Bariatric surgery is a very effective tool in the treatment
of obesity [6]. However, although there is vast scientific
knowledge stating the benefits of bariatric surgery for ex-
ogenous obesity, its effects on the hypothalamic obesity still
require further research [4].

Another issue that needs to be explained and is currently
being widely researched and discussed is the changes that
(exogenous or hypothalamic) obesity [7-9] and bariatric sur-
gery can cause on bone mass [10].

Some authors report that obesity may be beneficial to
bone mass and, consequently, favor bone formation [8, 11-
13], protect against fractures, prevent bone loss and osteo-
porosis [9, 12] and increase bone mineral density (BMD) in
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Figure 1. Schematic analysis of the gastrointestinal tract af-
ter modDJB surgery.

humans [11, 14]. In experimental animals, obesity can also
be beneficial in rats with monosodium glutamate (MSG)-
induced obesity as they presented a protective mechanism
against mandibular bone resorption [7].

On the other hand, other authors have suggested that
obesity may be harmful to bone mass because it is associ-
ated with increased bone resorption [15], low BMD and low
bone quality, increasing the risk of fracture in humans [9].
In experimental studies, authors have shown that rats with
high-fat-diet-induced obesity may present lower bone min-
eral content (BMC), which harms bone mass [16].

Further evidence shows that the proposed surgical treat-

ment for obesity can also result in bone resorption, reduc-
tion in BMD, osteoporosis and increased risk of fracture in
humans [15, 17-19] and significant loss of cancellous bone
volume in animals [10].

Considering the divergent findings in the literature, it is
possible to notice that, despite many studies on obesity and
its surgical treatment, there are still gaps regarding its effects
on bone tissue, and reason why further research is important.
In addition, studies have shown that obesity and bariatric
surgery cause changes on the femoral neck, lumbar spine
[14, 15], forearm [15], tibia and radius [20]. No research to
date has associated these two conditions with mandibular
bone tissue, one of the tissues supporting the teeth, which
was one aspect that motivated this research. Therefore, the
aim of this study was to analyze the consequences of MSG-
induced obesity and the changes caused on the mandibular
alveolar bone in rats over a 2-month period after modified
duodenal-jejunal bypass (modDJB) surgery.

Materials and Methods
Animals

We used 18 Wistar male rats obtained from the animal vivar-
ium at State University of Western Parana (UNIOESTE) and
maintained under controlled temperature (23 °C £ 2 °C) and
light conditions (12 h light/dark cycle). On the first day after
birth, the animals were randomly divided into the following
groups. 1) Control group (CON: n = 6) was composed of ani-
mals that received daily subcutaneous saline injections (1.25
mg/g body weight) in the cervical region during the first 5
days of life. The saline solution was prepared using 3.125

Table 1. Data for Body Size of Animals in the Groups Established Expressed in Grams (g) and Percentage

of Body Weight (%)
Groups
Body data
CON MSG MDJB
Body weight (g) 413342310 351.7£26.9° 299.3 £28.1°
Epididymal pads (% body 1.2 +0.3¢ 2.2.+£0.3° 2.0+0.2°
weight)
Retroperitoneal pads (% 0.9+0.2 2.1+0.5° 1.8+0.3°

body weight)

The values expressed are means + standard deviation. Different letters indicate that the results are statistically different
with P < 0.05. Absence of letters indicates that there was no statistically significant difference.
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Figure 2. Representative photomicrograph of morphology of
epithelial tissues and bone crest height of the groups studied.
Note height of the alveolar crest (blue line) and normal ap-
pearance of the division of the oral, sulcular and junctional
epithelium (hematoxylin and eosin, x 40). AC: alveolar crest;
JE: junctional epithelium; OE: oral epithelium; OSE: oral sul-
cular epithelium.

g of NaCl + 25 mL of distilled water and applied with an
insulin syringe. 2) MSG group (MSG: n = 6) was composed
of animals that received daily subcutaneous MSG injections
(4 mg/g body weight) in the cervical region during the first 5
days of life to induce development of hypothalamic obesity.
The solution was prepared using 6 g of MSG + 25 mL of
distilled water and applied with an insulin syringe. 3) MDJB
group (MDJB: n = 6) was composed of animals that also
received daily subcutaneous MSG injections (4 mg/g body
weight) in the cervical region during the first 5 days of life to
induce development of hypothalamic obesity.

The rats were breastfed until the 21st day of life. After
weaning, they received water and commercial feed ad libi-
tum.

Bariatric surgery

At 90 days, the animals in the MDJB group were submit-
ted to modDJB surgery. For this, the animals were anesthe-
tized with 1% isoflurane anesthetic (Instituto Biochimico
Industria Farmaceutica Limitada, Itatiaia, RJ, Brazil) un-
der flowing oxygen (1 mL/min) and subjected to modDJB
technique, a surgical technique similar to DJB [21], but with
some modifications: reduction in the number of incisions
and suture lines. Briefly, the duodenal stent was sutured us-
ing 7-0 polypropylene thread (Ethicon®, Ethicon Division of
Johnson and Johnson, Sao Jose dos Campos, SP, Brazil) with
interrupted suture and invaginating suture. The duodenum
was then deviated together with 25 cm of jejunum. After de-
viation, the jejunum was anastomosed to the stomach, and
gastrojejunostomy was performed (Fig. 1) and sutured with
interrupted suture and 7-0 polypropylene thread (Ethicon®,
Ethicon Division of Johnson and Johnson, Sao Jose dos
Campos, SP, Brazil).
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Figure 3. Representative photomicrographs of evidence
of bone resorption in all groups studied. Note osteoclast in
Howship’s lacunae, indicating an area of bone resorption
(hematoxylin and eosin, x 1,000). HL: Howship’s lacunae;
OC: osteoclast.

Evaluation of obesity, euthanasia and sample collection

After 150 days (2 months after surgery), all animals (CON,
MSG and MDIJB groups) were weighed and euthanized by
desensitization and decapitation. Next, the following were
collected: periepididymal and retroperitoneal fats and the
right hemi-mandible. Periepididymal and retroperitoneal fats
were weighed separately to evaluate the accumulation of fat.
The hemi-mandibles were fixed in 10% formalin solution for
histological processing.

Histological processing

The right hemi-mandibles remained in 10% formalin solu-
tion for 24 h. After this period, they were washed under run-
ning water for 1 h and immersed into a decalcification solu-
tion prepared with 85% formic acid (85% formic acid P.A.,
code 288, lot 0907252, Vetec Quimica Fina, Rio de Janeiro,
RJ, Brazil). After 30 days, we verified the expected degree of
decalcification and then the parts were washed again under
running water for 1 h and submitted to histological automatic
processing for approximately 12 h (automatic tissue proces-
sor, Leica Microsystems® TP1020, Nussloch, Germany).
Next, the parts were embedded in paraffin and the blocks
were obtained (Paraffin Purified, code 1228, lot 1008459,
Vetec Quimica Fina, Rio de Janeiro, RJ, Brazil). The paraf-
fin blocks were cut with the aid of a semi-automatic micro-
tome (Hestion®, ERM3000, Daintree Scientific, St. Helens,
Australia) to obtain 5 pum thick sections. The histological
sections were used for mounting the histological slides and
stained with hematoxylin and eosin [22].

Histomorphometric analysis

The analysis of the histological sections was performed by
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Figure 4. Representative photomicrographs of evidence of
bone formation in all groups studied. Note areas of bone for-
mation with presence of incremental lines, Haversian canal
and osteoblasts (hematoxylin and eosin, x 400). HC: Haver-
sian canal; IL: incremental lines; OB: osteoblasts.

a single examiner under blinded conditions with the aid of
a light microscope (Leica Microsystems, Switzerland). The
analysis consisted of two stages: the morphological and
morphometric analyses. Morphological analysis was per-
formed at x 40 magnification and the following character-
istics of each group were observed: integrity of epithelial
tissues, presence of inflammatory infiltration and bone tis-
sue characteristics. The morphometric analysis consisted of
the following three stages: osteocyte count, osteoclast count
and measurement of the distance between cement enamel
junction and bone crest (CEJ-BC). Osteocyte and osteoclast
count was performed by observing five consecutive visual
fields of the mandibular buccal alveolar bone crest at x 1,000
magnification. Two observations per field were made on two
different days and the mean value was calculated for each
animal and for each group. The CEJ-BC distance was mea-
sured using the images obtained through the Laz Ez® pro-
gram. These measurements were repeated twice a day, on
three different days, and then the mean value for each group

was calculated.
Statistical analysis

Data were analyzed using ANOVA and Tukey’s test by
means of the BioEstat 4.0 and GraphPad Prism 5 software.

Ethical aspects

The study was approved by the Ethics Committee on Ani-
mal Experimentation and practical lectures (CEEAAP) at
UNIOESTE by the protocol number 87/09.

Results

Effect of administration of MSG on body weight, percent-
age of fat in rats and consequences of modDJB surgery

The MSG injection reduced body weight in the MSG group
by 14.9% in comparison with CON. Bariatric surgery further
decreased this parameter by 14.9% in the MDJB group in
comparison with the MSG group. The percentage of periepi-
didymal and retroperitoneal fat was 72.8% and 140.7%, re-
spectively, higher in the MSG group than in the CON group.
Bariatric surgery in the MDJB group did not change this pa-
rameter in comparison with the MSG group (Table 1).

Morphologic analysis

The CON, MSG and MDJB groups showed normal morphol-
ogy of the oral, junctional and sulcular epithelium. The alve-
olar bone crest of all animals showed median thickness and
height at the cervical third of the root (Fig. 2). The analysis
of the bone crest at higher magnification (x 1,000) revealed
Howship’s lacunae with osteoclasts and evidence of bone
resorption, however, less significant in the CON group, and
MSG and MDJB groups (Fig. 3). In addition, we observed

Table 2. Osteocyte and Osteoclast Count in the Mandibular Alveolar Bone of Rats in the

Established Groups Expressed in Units

Groups Number of osteocytes (unit) Number of osteoclasts (unit)
CON 49.6 £15.5 03+03
MSG 57.3+8.8 0.1+0.1
MDIJB 629+84 02+0.2

The values represent the mean + standard deviation. Absence of letters indicates that there was no

statistically significant difference.
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Figure 5. CEJ-BC distance of rats in the established groups expressed in micrometers (um). The
values represent the mean * standard deviation. Different letters over the bars represent significant

differences among groups (P < 0.01).

the appearance of incremental lines, organization of Haver-
sian canals, and presence of osteoblasts aligned adjacent to
the bone crest showing bone formation activity in all groups
(Fig. 4). The underlying connective tissue of all rats showed
scarce inflammation, mixed inflammatory infiltrate and pre-
dominantly neutrophilic inflammation located near the base
of the junctional epithelium. Exocytosis of these cells also
occurred in the junctional and sulcular epithelium, although
in small quantities.

Morphometric analysis

The number of osteocytes and osteoclasts was similar in all
groups studied (Table 2). The main findings were that the
CEJ-BC measurement was 43% lower in the MSG group
than in the CON group, indicating a reduction in bone resorp-
tion in the MSG group. After bariatric surgery, the MDJB
group presented values 18.5% higher than in the MSG group
(Fig. 5), suggesting an increase in the bone resorption in the
MDIJB group.

Discussion

The protocol of hypothalamic-induced obesity through the
administration of MSG is well established in the literature.
There are reports of using animal models for experimental
obesity since the 1970s [23]. Studies have shown that the ad-
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ministration of high doses of MSG to neonatal rodents pro-
motes accumulation of fat [7, 23] and decreases body weight
in the MSG group in comparison with the control group [7,
24, 25]. These changes occur because of an increase in the
concentration of insulin (hyperinsulinemia) in the animals
that undergo MSG-induced obesity. Since insulin is a lipo-
genic hormone that helps the production of fat, these ani-
mals can experience increased fat accumulation. In addition,
the activity of the sympathetic nervous system (SNS) was
reduced in the animals in the MSG group. Since the SNS
is responsible for inhibiting the release of insulin from the
pancreas and promoting lipolysis (breakdown of fat) in white
and brown adipose tissue, reducing its activity implies an in-
crease in lipogenesis (synthesis of fatty acid and triglyceride)
and accumulation of fat [24, 25]. Furthermore, MSG causes
lesions in the arcuate nucleus, one of the areas responsible
for maintaining the balance between consumption and waste
of energy [4]. These lesions may impair the synthesis of the
growth hormone-releasing hormone (GHRH), thus reducing
the release of the growth hormone (GH). As a consequence,
the low concentration of GH favors growth retardation,
shorter bone length and inhibition of muscle mass [7, 24,
25]. As GH is a lipolytic hormone (helps breakdown fat),
its low concentration favors increase in fat deposition [26].
Thus, when compared with the normal animals, animals sub-
mitted to MSG-induced obesity are lighter, but they present
higher fat accumulation. In agreement with this information,
the present study showed that the animals in the MSG group
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presented lower body weight and higher percentage of retro-
peritoneal and periepididymal fat than the CON group (Table
1).

With regard to bariatric surgery, the literature frequently
reports results of weight loss after this procedure in humans
with exogenous obesity [27]. However, despite the wide-
spread recognition with regard to the consequences of bariat-
ric surgery on the treatment of exogenous obesity, its effects
on the hypothalamic obesity are still very limited. One of the
reports in the literature showed that significant weight loss
occurred in nine adolescents with hypothalamic obesity as-
sociated with craniopharyngioma after bariatric surgery [28].
However, other authors showed that a patient who developed
hypothalamic obesity after resection of craniopharyngioma
lost 49 kg in 2.5 years after undergoing Roux-Y gastric by-
pass. Significant weight loss after laparoscopic adjustable
gastric banding and biliopancreatic diversion also occurred
in other teenagers [4, 29]. In the present study, modDJB in-
terfered significantly on the body weight of rats with hypo-
thalamic obesity and the animals’ weight in the MDJB group
decreased by 14.88% in comparison with those in the MSG
group 2 months after the procedure. The malabsorption of
nutrients is one of the explanations for this occurrence. Ac-
cording to the literature, malabsorptive bariatric surgeries,
those that promote the diversion of a portion of the intestine,
reduce the surface area of the intestine available for absorp-
tion [17, 19]. Then, after the surgery, approximately 25% of
proteins and 72% of fat were no longer absorbed. Conse-
quently, zinc and lipossoluble vitamins that require dietary
fat to be absorbed are also poorly absorbed. These factors
can result in weight loss [5].

Morphological analysis of the alveolar bone crest in all
groups showed normal characteristics represented by median
thickness and height at the level of the cervical third of the
root. In addition, all groups showed presence of areas of os-
teoblasts and less significant osteoclasts indicating bone for-
mation and resorption. In normal physiological conditions,
bone formation and resorption are in balance and the activ-
ity of osteoclasts is followed immediately by the activity of
osteoblasts [30]. Therefore, in all groups, we found areas of
bone formation and resorption.

The findings of the present study also showed normal
morphology of the underlying connective tissues and oral,
junctional and sulcular epithelium. But the presence of small
quantity of inflammatory cells was found in the underlying
connective tissue and exocytosis of these cells into the junc-
tional and sulcular epithelium in all the groups studied. Re-
searchers report that the standard diet offered to rodents for a
period from 6 to 18 weeks favors the accumulation of bacte-
rial plaque around the teeth [31]. As a result, some inflamma-
tory cells are attracted to the underlying connective tissue and
migrate to the junctional epithelium. Neutrophils are the first
line of cells that arrive to the tissue being followed by small
quantities of eosinophils, lymphocytes and plasma cells. His-
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tologically, the presence of bacteria and the recruitment of
a few inflammatory cells did not cause significant lesions in
the periodontium of rats fed on a standard diet [32]. It is sug-
gested that the small quantity of inflammatory cells found
in epithelial and connective tissues in all the groups studied
is related to the accumulation of bacterial plaque caused by
the standard diet. MSG-induced obesity and bariatric surgery
caused no interference with these tissues.

Experimental studies on the association between obesity
and bone mass are relatively common in the literature. Au-
thors report that exogenous obesity, induced by a high-fat
diet, in rats may harm the bone tissue of the tibia and reduce
BMC [16]. This is probably because of the inflammatory na-
ture of obesity itself. An increase in the number of adipocytes
promotes the release of monocytechemotactic protein-1
(MCP-1), which in turn allows the influx of monocytes into
the adipose tissue. Due to the release of colony-stimulating
factor-1 (CSF-1) by the adipocytes, monocytes differentiate
into active macrophages, which increase the expression of
proinflammatory cytokines such as tumor necrosis factor-o
(TNF-a), interleucin 6 (IL-6) and interleucin 1 (IL-1) [33].
These cytokines are able to stimulate osteoclast activity
through a mechanism that includes the action of the receptor
activator of NF-kB ligand (RANKL) and receptor activator
of NF-Kb (RANK), favoring bone resorption [9, 34].

On the other hand, a research conducted in rats with
endogenous obesity (or hypothalamic obesity) induced by
MSG reveals that the animals present lower bone resorp-
tion in comparison with the control group [7]. Similarly, the
main findings of this study also showed that the CEJ-BC dis-
tance is smaller in the rats submitted to MSG-induced obe-
sity, which indicates lower bone resorption when compared
with the CON group. It is suggested that this happened be-
cause the obese animals in the MSG model appear to have a
protective mechanism that can interfere with the process of
bone remodeling. This mechanism may be associated with
leptin and insulin, two hormones whose concentrations were
increased in these animals [7]. There is evidence that these
hormones play an important role in bone metabolism and fa-
vor bone formation when acting locally. Osteoblasts and os-
teoclasts have receptors for insulin. Thus, insulin is capable
of increasing bone formation and decreasing bone resorption
in vitro and in vivo [35]. Leptin can reduce the expression of
RANK, stimulate the expression of osteoprotegerin (OPG),
and inhibit osteoclast differentiation [36]. Thus, it is sug-
gested that when leptin and insulin act locally on the bone
tissue of animals with hypothalamic obesity, they promote
less intense alveolar bone resorption, which is not true for
animals with exogenous obesity.

Similar to obesity, bariatric surgery can also cause
changes in bone mass. There are reports that the surgery in
humans causes bone loss and increases risk of fractures [18]
and in rats it reduces bone volume of the femur [10]. Another
important result of the present study showed that significant
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bone loss of the mandibular alveolar bone crest occurred af-
ter modDJB surgery. The main explanations for the occur-
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