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ABSTRACT 
 

Objective: To investigate the influence of MSG obesity and maternal periodontal disease on the 
mandibular bone loss of male offspring in adulthood.  
Methods: 60 neonatal Wistar females were used and randomly separated into two groups. During 
the first 5 days of life, half of the female pups received subcutaneous injections in the cervical 
region of monosodium glutamate (MSG), and the other half-received of hyperosmotic saline 
solution (CTL). All animals used in the experiments received water and standard feed. At 70 days 
of life, animals were distributed into four experimental groups: control with no ligature (CTL NL), 
control with a ligature (CTL WL), MSG with no ligature (MSG NL), and MSG with a ligature (MSG 
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WL). The four groups of females reproduced with control rats (2:1). Offspring (F1) were classified 
into 4 groups, according to the mothers' treatment.  Hemimandibles were collected for histological, 
morphological, and radiographic analysis and a portion of gingival tissue for analysis by enzyme-
linked immunosorbent assay (ELISA) of cytokines IL-6, IL-10, IL-17, and TNF-alpha. Data were 
assessed using Two-way ANOVA and Tukey's test.  
Results: There were no changes related to maternal hypothalamic obesity associated with 
periodontal disease in alveolar bone loss in the male offspring of F1 rats at 120 days.  
Conclusions: Hypothalamic obesity and maternal periodontal disease did not affect the body and 
plasma parameters of their male offspring in the first generation, demonstrating that there was no 
effect of fetal programming on these parameters. 
 

 
Keywords: Obesity; periodontal disease; fetal programming; alveolar bone loss. 
 

1. INTRODUCTION  
 
Studies have shown that parents' nutrition and 
lifestyle influence their children's health status in 
adulthood

 
[1-2]. Over the past 30 years, the 

Developmental Origins of Health and Disease 
(DOHaD) paradigm has identified the 
preconception, prenatal, and neonatal periods as 
fundamental to shaping future susceptibility to no 
communicable diseases [3-4]. The environment 
in which mothers experience in the 
preconception period and those to which their 
children are exposed in the womb and the first 
year of life tend to be essential to influence the 
later growth of adiposity in childhood through 
numerous plausible mechanisms [5-6]. It is 
believed that the increase in obesity rates is not 
only due to the excessive consumption of caloric 
foods and physical inactivity nowadays, but also 
due to the "vicious cycle" caused by obesity 
since children of obese people have a higher 
predisposition for the development of this 
disease [7]. The administration of monosodium 
glutamate (MSG) in the neonatal period causes 
lesions in the arcuate nucleus and median 
eminence of the hypothalamus, which leads to 
the development of hypothalamic obesity [8-10].

 

According to the literature, high doses of MSG 
administered during the neonatal period in rats 
also induce several abnormalities that result in 
extreme adiposity, accompanied by insulin 
resistance, glucose intolerance, dyslipidemia, 
and hypersecretion of insulin [11].

 
 

 
The increase in the prevalence of obesity is one 
of the leading health-related concerns worldwide 
since excess weight represents a significant risk 
factor for several comorbidities, such as 
cardiovascular diseases, high blood pressure, 
dyslipidemia, respiratory problems, apnea sleep, 
gastrointestinal diseases, arthritis, venous 
circulatory disease, strokes and periodontal 
disease [12].

 
Obesity rates in children and 

adolescents worldwide increased from less than 
1% (equivalent to five million girls and six million 
boys) in 1975 to almost 6% in girls (50 million) 
and almost 8% in boys (74 million) in 2016

 
[13]. 

The projection of the World Health Organization 
(WHO) is that, in 2025, the number of overweight 
and obese children may reach 75 million - 
including 427 thousand children with pre-
diabetes, 1 million with high blood pressure, and 
1.4 million with increased accumulation of fat in 
the liver. Besides, obesity has also been 
suggested as a risk factor for periodontitis [14].

 

Periodontal disease is an infectious and 
inflammatory disease that affects the supporting 
structures of teeth due to the interaction between 
periodontal pathogenic bacteria and the host's 
immune response

 
[15].

 
The host's immune 

system, mainly for protection purposes, 
eventually destroys tooth support tissues through 
the synthesis and release of cytokines, pro 
inflammatory mediators, and metalloproteinases

 

[16].
 
 

 
Periodontal disease is known for being one of the 
chronic diseases that most affect the world 
population [17]. Periodontal medicine has 
investigated the relationship between 
periodontitis and other systemic changes, such 
as diabetes mellitus, rheumatoid arthritis, 
cardiovascular diseases, and obesity

 
[18-19].

 
It is 

believed that the release of cytokines by adipose 
tissue and pro inflammatory hormones called 
adipocytokines induces inflammatory processes 
and oxidative stress disorders, generating similar 
pathophysiology between the two diseases, 
obesity and periodontal disease

 
[20].  

 
Given the above, studies should be developed to 
help understand the bidirectional relationship 
between obesity and periodontal disease, as well 
as fetal programming, since the adverse stimuli 
suffered by the offspring in the intrauterine 
environment can influence their health status in 
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adulthood. Thus, this study aimed to evaluate the 
influence of hypothalamic obesity and maternal 
periodontal disease on the periodontal tissues of 
male offspring in adulthood. 
 

2. MATERIAL AND METHODS / 
EXPERIMENTAL DETAILS / 
METHODOLOGY (ARIAL, BOLD, 11 
FONT, LEFT ALIGNED, CAPS) 

 
This study was submitted to the Ethics 
Committee on the Use o Animals (CEUA) at the 
Western Paraná State University. After the 
approval of the referred committee, female 
Wistar rats (N = 60) were obtained from the 
Central Vivarium of the Western Paraná State 
University and kept in the sectorial vivarium of 
the Laboratory of Endocrine Physiology and 
Metabolism under controlled temperature 
conditions (23 ± 2°C) and light (cycle of 12 hours 
of light and 12 hours of darkness – 7 a.m. – 7 
p.m.). Half of the female pups received during 
the first five days of life subcutaneous injections 
in the cervical region of 4g/Kg/day of 
monosodium glutamate (MSG) to induce 
hypothalamic obesity (MSG group, n = 30), and 
the other half received 1.25/Kg/day of 
hyperosmotic saline solution (CTL group, n = 30)

 

[21].
 
 

 
All animals used in the experiments received 
water and standard feed throughout the 

experimental period and were weighed once a 
week after weaning. The male animals used for 
the reproduction received water and standard 
feed at will and were used for reproducing with 
the female CTL and MSG.  

 
2.1 Induction of Periodontal Disease  
 
At 70 days of life, half of the animals in the MSG 
(n = 15) and CTL (n = 15) groups underwent 
experimental periodontal disease. For this, they 
were anesthetized with intraperitoneal injection 
with xylazine hydrochloride 0.04 mg/kg 
(ANASEDAN®, Sespo Indústria e Comércio, 
Paulínia-SP) and ketamine hydrochloride 0.08 
mg/kg (DOPALEN®, Sespo Indústria e 
Comércio, Paulínia-SP). Then, the animals were 
placed on an appropriate operating table, which 
allowed the mouth opening of the rats to be 
maintained, facilitating access to the teeth of the 
posterior region of the mandible. With the aid of a 
modified clamp and an explorer probe, a cotton 
thread size 40 (GLACE®) was placed around the 
first right and left lower molar. This ligature acted 
as a gingival irritant and favored the 
accumulation of bacterial plaque

 
[22].

 
After 

induction of periodontal disease, the animals 
were divided into four experimental groups: 
control with no ligature n = 15 (CTL NL), control 
with ligature n = 15 (CTL WL), MSG with no 
ligature n = 15 (MSG NL), and MSG with ligature 
n = 15 (MSG WL).  

 

 
 
Image 1. Periodontal Disease Induction. A: Mouth opening. B and C: Placement of the ligature 
(cotton thread size 40) around the lower first molar. D: Ligature around the lower first molar. 

Euthanasia of the 1
st

 group 
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Seven days after periodontal disease induction, 
five rats from each group (CTL NL, CTL WL, 
MSG NL, and MSG WL) were euthanized to 
verify the presence and development of 
periodontal disease through radiographic 
analysis. These females were weighed, and the 
naso-anal length was obtained. Right after 
euthanasia by decapitation, the perigonadal and 
retroperitoneal fats were collected and weighed. 
The left hemimandibles were collected for further 
radiographic analysis. 
 

2.2 Reproduction  
 
Seven days after induction of periodontal 
disease, reproduction between the female rats 
from CTL NL, CTL WL, MSG NL, and MSG WL 
(n = 10) were performed with control male rats, in 
the ratio of one male to two females. After the 
pregnancy was confirmed, the male rats were 
euthanized, and the pregnant females separated 
in individual boxes. After pregnancy and 
lactation, about 45 days, the females were 
euthanized by decapitation. Only male offspring 
were used for this study. 
 

2.3 Experiments with Mothers  
 
Before euthanasia, mothers remain fasting for 8 
hours. Tail blood was collected for fasting blood 
glucose using a glucose analyzer (G-Tech 
Free®, SD Biosensor, Korea). Quickly, body 
weight and nasal length were measured to 
calculate the Lee index {[BW ratio (g) / nasal 
length (cm)] x 1000}, which was used as a 
parameter of rodent obesity. Then, the animals 
were desensitized with carbon dioxide in the 
CO2 chamber (Insight®, Ribeirão Preto, SP, 
Brazil) and euthanized by decapitation. 
Retroperitoneal and perigonadal fats were 
removed and weighed to assess or increase fat. 
They were collected as hemimandibles for 
radiographic evaluation in mothers.  
 
2.3.1 Experiments with offspring obtained 

(first generation - F1) from mothers CTL 
and MSG, with or without experimental 
periodontal disease 

 
After birth, six males remained for each litter. At 
21 days of life, the offspring obtained (first 
generation - F1) was designated according to the 
mothers' treatment in: 1) CTL NL-F1 (n = 10), 2) 
CTL WL-F1 (n = 10), 3) MSG NL-F1 (n = 10), 
and 4) MSG WL-F1 (n = 10). These offspring 
were kept in the sectorial vivarium of the 
Laboratory of Endocrine Physiology and 

Metabolism under controlled conditions of 
temperature (23 ± 2°C) and light (cycle of 12 
hours of light and 12 hours of darkness – 7 a.m. 
– 7 p.m.), receiving water and standard feed at 
will for 120 days. Fasting glucose, body weight, 
and naso-anal length were measured, as well as 
in mothers, before euthanasia.  
 
2.3.2 Evaluation of mandibular alveolar bone 

loss by radiographic analysis 
 
After euthanasia, the hemimandibles on the left 
side from both mothers and offspring were 
collected, fixed in 10% formaldehyde for 48 
hours. Subsequently, they were washed in 
running water for 24 hours and kept in 70% 
alcohol. The hemimandibles were placed with the 
lingual face on the Kodak RVG 6100 digital 
radiographic sensor with 20 pl/mm image 
resolution, theoretical sensor resolution 27.03 
pl/mm, optical fiber 1, 22 x 30 mm active surface 
dimensions, and matrix dimensions (pixels) 1200 
x 1600 (1.92 million), positioned so that the 
buccal and lingual cusps of the first molars are in 
the same vertical plane. A GE-1000 X-ray 
apparatus, set to 15mA, 65Vp, 18 pulses, 50 cm 
focus/film distance with an X-ray incidence 
perpendicular to the pieces, was used. The 
digitized images were analyzed in three 
measurements in the Image-Pro Plus® program 
(Media Cybernetics, USA), and an average was 
made between them through a linear 
measurement, which covered the distance from 
the cementoenamel junction to the alveolar bone 
crest on the side mesial aspect of the lower left 
first molar of the mouse, with measurements in 
pixels [23]. The measurements were performed 
by a single examiner, blind to the identities of the 
experimental groups. 
 

2.4 Morphometric Analysis of the 
Mandibles 

 
The right hemimandibles obtained from the 
offspring were fixed in a 10% formaldehyde 
solution for 48 hours. After this period, they were 
washed in running water for 24 hours and 
immersed in 70% alcohol. Subsequently, they 
were immersed in a 5% trichloroacetic acid 
solution (Pr Labor®) for descaling. The pieces 
were evaluated daily in order to verify the 
expected degree of descaling with the renewal of 
the TCA solution every five days. After descaling, 
the pieces were rewashed under running water 
for one hour, and histological processing was 
started. The fragments of the hemimandibles 
were dehydrated in an ascending alcoholic 
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series, diaphonized in xylol, and included in 
Paraplast. The Paraplast blocks were cut in a 
manual rotary microtome (Olympus 4060®) to 
obtain sections of 5 µm thick, which were 
mounted on histological slides and stained using 
the Hematoxylin and Eosin (H&E) technique. 
 

For the morphometric analysis, an optical 
microscope (Olympus BX61®) was used. For the 
photomicrographs, an Olympus DP71® digital 
camera was used with the DP Controller® 
3.2.1.276 software. These analyzes were made 
through measurements on the buccal and right 
lingual marginal gums in all offspring groups, 
using an image analyzer program, coupled to an 
optical microscope with a 10x objective. 
Measurements were made from pre-determined 
morphological points in the marginal gingiva. The 
results were expressed in pixels. Measurements 
of the total area of the epithelium and connective 
tissue were also performed. Two measurements 
were made, on different days, with the value of 
the area occupied by epithelium and connective 
tissue calculated. The results were expressed in 
pixels, using the Image-Pro Plus® program 
(Media Cybernetics, USA) [23].  
 

The quantification of osteoblasts, osteocytes, 
and osteoclasts present in five consecutive fields 
of the vestibular alveolar bone crest starting from 
the highest point of the crest was performed. For 
observation, the 40x objective was used. Two 
observations were made per field, and then the 
values were averaged for each animal and each 
group. 
 

The measurement of the alveolar bone crest 
(measured in pixels) was performed using the 
BX61® Photomicroscope coupled to a computer, 
which allowed capturing the images. A 
measurement of the shortest distance between 
the apex of the vestibular alveolar bone crest and 
the cementoenamel junction was performed. The 
measurements were repeated twice a day, on 
three different days, and then the values were 
averaged. 
 
2.4.1 Analysis of cytokine expression - 

gingival tissue and plasma  
 
Blood was collected at the time of decapitation. 
Blood samples were centrifuged at 3000 rpm, 
and the plasma was separated and stored at -
20°C. A portion of gingival tissue around the first 
left molars of all offspring groups was removed 
and stored in RNAlater Stabilization Solution® 
(ThermoFisher Scientific). Total proteins were 
extracted from gingival tissue samples using 

detergent-based extraction buffer (T-PER®, 
Tissue Protein Extraction Reagent - Pierce) 
containing a protease inhibitor cocktail (Protein 
Stabilizing Cocktail® - Santa Cruz 
Biotechnology) according to the manufacturer's 
instructions. 
 
For the quantification of cytokines in the gingival 
tissue, the samples were sonicated 
(DESRUPTOR®, Ultranique, Brazil). 
Subsequently, they were centrifuged for 30 
minutes at 12,000 rpm at 4 ° C. The 
concentrated supernatant was quantified using 
the Bradford protein quantification system (Bio-
Rad®). For the detection and quantification of 
the cytokines IL-6, IL-10, IL-17, and TNF-alpha in 
plasma and gingival tissue, 100 µL of the sample 
was used at a wavelength of 450 nm according 
to Rat Custom ProcartaPlex magnetic bead 
(Invitrogen, USA) with the MAGPIX® platform, 
according to the manufacturer's instructions.  
 

2.5 Statistical Analysis 
 
The results were analyzed using the Graphpad 
Prism® 5.0 program. In all variables, normal 
distribution and homogeneous variance were 
tested. As the distribution was considered normal 
and the variance was homogeneous, parametric 
tests ANOVA - Two Way was used, followed by 
the Tukey multiple comparison post-test. The 
observed differences were considered significant 
when p <0.05. 

 

3. RESULTS  
 
When analyzing body parameters in mothers, 
body weight and naso-anal length were reduced 
in the MSG NL and MSG WL groups compared 
to the control groups (Table 1). However, the 
animals from MSG NL and MSG WL showed a 
higher Lee index, proving the onset of obesity 
due to neonatal treatment with MSG. The 
administration of MSG caused an increase in 
retroperitoneal and perigonadal fats when 
compared to control groups (Table 1). However, 
there was no statistically significant difference 
when the obese groups were compared (MSG 
NL and MSG WL). Regarding the animals' 
glycemic profile, there was no statistically 
significant variation between groups (Table 1). 
 
The radiographically analysis of the alveolar 
bone in the mothers showed a more significant 
bone loss (p<0.05) in the groups with induced 
periodontal disease (CTL WL and MSG WL), 
although the bone loss was higher in the CTL WL 



 
 
 
 

Paula et al.; JAMMR, 34(4): 14-25, 2022; Article no.JAMMR.83178 
 
 

 
19 

 

group than the MSG WL, suggesting a protective 
effect of MSG-obesity on bone resorption (Fig. 
1). 
 
Regarding the body and plasma parameters 
observed in the first generation, the weight and 
naso-anal length of the four groups of male 
offspring were similar, with no difference in the 
Lee index, as well as the percentage of 

retroperitoneal and perigonadal fat on total body 
weight. Fasting blood glucose was statistically 
similar in the four groups observed (Table 2). 
 
In the morphometrically and radiographically 
analysis of the alveolar bone loss, both, it was 
observed that obesity and maternal periodontal 
disease did not affect the first generation of 
offspring (Fig. 2). 

 
Table 1. Effects of hypothalamic obesity and periodontitis during pregnancy and lactation 

on general maternal characteristics 
 

 CTL NL CTL WL MSG NL MSG WL 

Body weight (BW)  (g) 245±4.3
 a
 258±5.3

 a
 193.7±4.3

 b
 203.4±6.5

 b
 

Naso-anal lenght (cm) 19.4±0.1
 a
 19±0.2

 a
 17.2±0.1

 b
  17.5±0.1

 b
 

Lee index 320.9±3,1
a
 333.9±4.1

 a
 359.5±6.2

 b
 354.7±4.9

 b
 

Perigonadal fat pads (% BW) 0.6±0.06
 a
 0.6±0.07

 a
 1.3±0.1

 b
 1±0.8

 b
 

Retroperitoneal fat pads (%BW) 1.07±0.1
 a
 1.07±0.8

 a
 2.1±0.2

 b
 1.7±0.1

 b
 

Glucose (mg/Hg) 90.5±8 77.3±6.4 79±6.7 81.1±6.2 
Data are means ± SEM  (n=7-10). 

p=0,05 versus CTL NL. 

 

 
 

Fig. 1. Effect of MSG treatment and experimental periodontal disease on maternal alveolar 
bone resorption. Data are means ± SEM The letters different over the bars represent significant 

differences amongst groups. p=0.05 versus CTL NL 
 

Table 2. Effects of obesity and maternal periodontitis on body parameters and fasting 
plasma biochemical parameters in F1 offspring male at 120 days 

  

 CTL NL-F1 CTL WL-F1 MSG NL-F1 MSG WL-F1 

BW (g) 394.4±7.3 388.1±7.9 364.9±5.5 373.2±3.5 
Naso-anal lenght (cm) 23.6±0.2 23.6±0.1 23.3±0.2 23.1±0.2 
Lee index 307.5±3.3 304.1±1.9 302.6±3 308.8±3.6 
Epididymal fat pads (% BW) 1.5±0.05 1.5±0.05 1.3±0.08 1.3±0.04 
Retroperitoneal fat pads (%BW) 1.4±0.05 1.5±0.05 1.3±0.08 1.3±0.04 
Glucose (mg/Hg) 82.1±3.0 86.6±3.0 87.4±1.0 82.1±3.0 

Data are means ± SEM (n=13-16). 
p=0,05 versus CTL NL-F1. 
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Fig. 2. Effects of obesity and maternal periodontitis on offspring alveolar bone 
resorption. (A) Morphometrically and (B) radiographically. Data are means ±  SEM  The letters 
different over the bars represent significant differences amongst groups. p=0.05 versus CTL 

NL-F1 
 

Table 3. Measurements of the gingival tissues on the CTL NL-F1, CTL WL-F1, MSG NL-F1 and 
MSG WL-F1 groups 

 

 CTL NL-F1 CTL WL-F1 MSG NL-F1 MSG WL-F1 

Epithelial base (pixels) 136.8±6.8
 a
 150.2±7.8

 b
 87.9±7.5

 a
 91.9±17.2 

a,c
 

Height epithelial (pixels) 146.3±8.8 151.1±4.5 155.9±12.1 152.2±9.5 
Epithelial area (pixels

2
) 67102.0±2857.0 73612.0±2801.0 73149.0±7586.0 57757.0±4582.0  

Conjunctive base 
(pixels) 

117.2±4.9 127.1±14.5 126.1±17.5 105.4±10.6 

Height conjunctive  
(pixels) 

426.7±15.6 434.0±21.3 423.0±42.0 379.5±25.4 

Conjunctive area 
(pixels

2
) 

36323.0±2784.0 34112.0±2819.0 26068.0±6075.0 21406.0±2963.0  

Osteoblasts 14.6±7.0 35.1±10.0 28.2±11.0 35.9±15.0 
Osteocytes 919.4±84.0 1015.0±215.0 976.3±189.0 1375.0±207.0  
Osteoclasts 13.6±7 16.3±8 1.5±0.9 1.0±0.7 

Data are means ± SEM  (n=13-16). 
p=0,05 versus CTL NL-F1. 

 

Table 4. Inflammatory cytokine concentration in the offspring plasma and gingival tissue 
 

 CTL NL-F1 CTL WL-F1 MSG NL-F1 MSG WL-F1 

IL-6 (ng/ml) plasma 60.456±9.784 79.900±3.899 82.088±14.723 80.428±3.950 
IL-6 (ng/ml) gingival 253.690±31.130 234.344±33.087 330.467±33.476 253.017±60.680 
IL-10 (ng/ml) plasma 83.360±5.877 94.695±2.067 90.873±6.968 93.910±7.506 
IL-10 (ng/ml) gingival 1.458.006±27.67

3 
1.473.000±17.71
1 

1.581.000±71.25
2 

1.449.030±29.75
6 

IL-17 (ng/ml) plasma 4.241±1.444 7.959±967 6.758±396 6.741±1.726 
IL-17 (ng/ml) gingival 77.567±19.569 108.916±13.962 97.593±22.082 70.990±24.985 
TNF-α (ng/ml) 
plasma  

11.885±3850 19.746±2.824 18.033±1.110 22.635±7.333 

TNF-α (ng/ml) 
gingival 

353.300±72.629 184.584±59.555 592.810±89.293 315.890±52.844 

Data are means ± SEM  (n=13-16). 
p=0,05 versus CTL NL-F1. 

 

In the morphological analysis of the periodontal 
tissues, it was observed that the width of the 
base of the epithelium was similar in the offspring 
of mothers CTL NL and MSG NL. However, the 

CTL WL-F1 group showed an increase when 
compared to the other groups. In the MSG WL-
F1 group, there was a reduction in this value 
(Table 3). No statistical differences were 
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observed in the quantification of bone cells 
(osteoblasts, osteocytes, and osteoclasts) in the 
four evaluated offspring groups (Table 3). 

 
No statistical differences were observed in the 
quantification of inflammatory cytokines (IL-6, IL-
10, IL-17, and TNF-alpha) in the plasma and 
gingival tissue in the four evaluated offspring 
groups (Table 4). 

 
4. DISCUSSION 
 
 In the present study, the effect of maternal 
hypothalamic obesity associated with 
experimental periodontal disease on offspring in 
adult life was demonstrated for the first time, in 
order to observe the possible action of fetal 
programming. The MSG mothers group showed 
an increase of 93% and 81% in the weight of 
retroperitoneal and perigonadal fats, 
respectively, in addition to a significant difference 
in the Lee Index (p <0.05) when compared to the 
CTL group. It proves that obesity was already 
installed at 77 days and confirms the success of 
the experimental model used (Table 1). Clinical 
and experimental studies have already shown 
that maternal obesity can predispose the fetus to 
the development of glucose intolerance, obesity, 
and metabolic syndrome in adulthood since it 
permanently alters a variety of metabolic control 
processes in the fetus [3, 23].

 

 
The high prevalence of maternal obesity and, 
consequently, the greater predisposition to 
metabolic diseases in their offspring places this 
issue as an urgent priority for discussing the 
obesity epidemic. Therefore, awareness of the 
consequences of the obesity epidemic in 
pregnant women is essential, not only about the 
pregnancy outcome but also of the potential 
impact on the health of the next generation. 
Studies have sought to understand the effect of 
maternal changes, such as obesity and 
periodontal disease, on offspring [24-25].

 
 

 
In addition to maternal obesity, it is crucial to 
understand whether the inflammatory state 
caused by periodontal disease can have 
consequences on the offspring. The literature 
has already demonstrated the relationship 
between obesity and periodontal disease

 
[26], 

but it did not relate the two variables and 
analyzed alveolar bone loss in the first 
generation. Adipose tissue releases cytokines 
and pro inflammatory hormones called 
adipocytokines, which induce inflammatory 

processes and oxidative stress disorders, 
generating similar pathophysiology between 
obesity and periodontal disease [27].  
 

In the radiographically analysis of the maternal 
alveolar bone loss, it was shown that the groups 
in which the periodontal disease was induced by 
ligature showed more significant bone resorption 
than the NL groups, demonstrating the disease 
activity. However, the MSG WL group showed a 
slight reduction in this value compared to the 
CTL WL group, suggesting that hypothalamic 
obesity would have a protective effect on alveolar 
bone loss (Fig. 1). These data corroborate with 
studies carried out by the same group of 
researchers previously

 
[8-9, 28].

 
Some authors 

suggest that obesity can lead to a positive effect 
on bone mass

 
[29] but this issue remains 

contradictory since other research has shown 
that there is more significant bone resorption in 
obese individuals [30-31]. The protective effect of 
obesity on bone tissue may also be due to the 
higher concentration of insulin in obese 
individuals since osteoblasts have an insulin 
receptor that stimulates osteogenic differentiation 
and inhibits osteoclastogenesis [32].

 
Also, 

adipocytokines, such as leptin, and inflammatory 
cytokines, such as IL-6 and TNF-alpha, influence 
bone mass, directly or as a result of their effect 
on appetite regulation and weight, suggesting 
that hypothalamic obesity would have a 
protective effect on alveolar bone loss (Fig. 1).  
 

In our study, hypothalamic obesity did not 
exacerbate periodontal disease. Nevertheless, 
the literature demonstrates that if the induced 
obesity is done through the high-calorie diet, the 
results demonstrate microflora and defects in 
periodontal tissues compatible with the 
periodontal disease even without the induction of 
periodontitis

 
[33], suggesting that the type of 

Induced obesity is relevant to the exacerbation of 
the periodontal disease. The biological 
plausibility for the association between obesity 
and periodontal disease is explained by the 
increase in the levels of lipids and glucose, which 
may contribute to an exacerbated inflammatory 
response of the host, alter the function of 
neutrophils and also inhibit the production of 
growth factors by macrophages, reducing the 
tissue repair capacity

 
[34].  

 

Oral inflammation due to bacterial infections is a 
source of bacteria and inflammatory mediators 
that can spread systemically through the 
bloodstream and reach the placental barrier

 
[35]

. 

Studies investigating the action of maternal 
periodontal disease on parameters of the first 
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generation are still scarce. However, some 
authors have already demonstrated that the 
presence of the maternal periodontal disease 
has led to increased levels of tumor necrosis 
factor-alpha (TNF-alpha) cytokine in the offspring 
brain tissue and insulin resistance

 
[36-37], which 

demonstrates the systemic influence caused by 
inflammation of the periodontal disease. 
 

After injecting bacterial endotoxin 
(lipopolysaccharide) in pregnant rats, Nilsson et 
al. (2001) observed that offspring exhibited an 
increase in body weight, an increase in 
abdominal adipose tissue, and a reduction in the 
effect of insulin on glucose uptake, suggesting 
that the prenatal period is vital to determine the 
risk of developing insulin resistance and obesity 
in adult offspring. In this study, there was no 
statistically significant difference in the Lee index, 
retroperitoneal fat, perigonadal fat, and glycemia 
among the four groups of offspring studied 
(Table 2). Other studies using maternal 
hypothalamic obesity have shown that, after five 
months of life, the offspring developed obesity as 
well [38]

; 
however, the animals in the present 

study were euthanized at 120 days of age, 
suggesting that the changes resulting from 
obesity maternal are expressed later. 
 

Epidemiological and experimental studies show 
that maternal obesity or consumption of a high-
fat diet is associated with increased susceptibility 
to fatty liver and inflammation, hypertension, 
cardiovascular disorders [39], obesity, and insulin 
resistance

 
[24, 40] in offspring at different stages 

of development. Few studies have previously 
been carried out with maternal hypothalamic 
obesity to assess the effect of this change on 
metabolic programming

 
[39]

 
which may suggest 

that it is because MSG animals show changes in 
reproductive function

 
[41]

 
 

 

There were no differences in alveolar bone loss 
between the offspring, both morphologically and 
radiographically (Fig. 2), as well as there were no 
significant differences in the quantification of 
bone cells (Table 3). Hypothalamic obesity and 
maternal periodontal disease did not affect the 
first generation of offspring. Studies carried out to 
this date using obesity and maternal periodontal 
disease have not yet investigated whether there 
would be consequences of this change in the 
periodontal tissues of the offspring [36, 42-43].

 

An experimental model of induction of 
periodontal disease through the inoculation of 
periodontal pathogenic microorganisms found 
changes in the offspring, such as increased 

inflammatory cytokines in the placenta, brain 
damage, premature birth, and low birth weight 
[44]. In the present article, no statistically 
significant difference was observed in the 
quantification of inflammatory cytokines in the 
plasma and gingival tissue of the offspring.  

 
As in the experimental model of obesity, the type 
of induced periodontal disease used is 
suggested to cause changes in the offspring. 
One of the hypotheses that permeate metabolic 
programming is the Two-hit hypothesis. It 
suggests that the adverse stimuli that occurred 
during the perinatal period (first hit) would         
not, by themselves, be enough to change the 
phenotype of the individual in adulthood, but 
exposure to stressors in postnatal life can act as 
a second hit, activating or amplifying the                  
effects of fetal programming and leading to the 
appearance of diseases

 
[45]

. 
 

 
In the morphometric analysis of the gingival 
tissue, there was an increase in the epithelial 
base in the CTL WL-F1 group compared to the 
CTL NL-F1 group and MSG NL-F1 (Table 3). 
However, in the MSG WL-F1 group, there was a 
reduction in this parameter when compared to 
the CTL WL-F1 group, suggesting that,                   
although there is no evident alveolar bone loss in 
the evaluated period, there may be a higher 
predisposition to gingival inflammation in the 
offspring of obese rats with a ligature.  

 
4. CONCLUSION 
 
Within the limits of this study, the findings of this 
study demonstrated that maternal hypothalamic 
obesity associated with periodontal disease does 
not affect alveolar bone loss in the male offspring 
of rats aged 120 days. In addition, the results 
suggest that obese mothers may have a 
protective effect on alveolar bone loss induced 
by experimental periodontal disease.  
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