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A B S T R A C T   

Aims: It has been shown that periodontitis, can be modified by systemic changes, including behavioral factors, 
such as diet. Caloric restriction is one of the dietary therapeutic strategies indicated for obesity. It is associated 
with several benefits, among them, modulation of the inflammatory response. The aim of this study was to verify 
whether caloric restriction in obese rats changes the progression of experimental ligature-induced periodontitis. 
Materials and methods: Forty-eight Wistar rats were used for 24 weeks and initially fed with cafeteria diet during 
12 weeks. The animals were divided into four groups according to the caloric restriction and experimental 
periodontitis. The cotton thread was placed around the mandibular first molars, for 15 days, before the end of the 
experiment. Rats submitted to caloric restriction received, from the 13th week of the experimental protocol, 70% 
of the food intake compared to the ad libitum animals of other study of the our research group. Alveolar bone loss 
was assessed using macroscopic morphometric analysis. Analyzes of clinical periodontal measures, biometrics, 
serum biomarkers and biochemical parameters were performed. 
Key findings: Caloric restriction decreased the alveolar bone loss in the periodontitis group when compared to the 
group that received a cafeteria diet with periodontitis. Moreover, the results demonstrate the improvement in the 
glycemic profile, without prejudice to bone tissue biomarkers. 
Significance: Based on the results, caloric restriction reduces the progression of alveolar bone loss in rats with 
experimental periodontitis, in addition to presenting benefits in biometric data, decreasing both glycemic profile 
and clinical periodontal measures.   

1. Introduction 

The deleterial effects of obesity on the progression and severity of 
periodontitis have been reported in epidemiological and experimental 
studies [1–3]. Among the therapeutic methods indicated for reducing 
obesity, there are diets and exercise [4]. 

Caloric restriction (CR) is one of the most recommended strategies 
for reducing body weight, currently considered extremely efficient [5]. 
It is mainly related to the host responses to inflammatory processes, such 
as obesity and periodontitis. In addition, CR can act on the mechanisms 
for maintaining hormonal balance and systemic physiological functions, 
regulates gene expression, reduces damage caused by oxidative stress 

and reduces the expression of inflammatory cytokines, such as tumor 
necrosis-alpha (TNF-alpha) and interleukin 6 (IL-6). These mechanisms 
have been suggested as the basis of the relationship between CR and 
periodontitis [6]. 

Actually, caloric restriction has been suggested to attenuate peri-
odontal parameters and inflammatory molecules in human studies and 
animals submitted to experimental periodontitis ligature-induced [6,7]. 
However, the effect on alveolar bone tissue and the condition of the diet 
used as therapy for obesity, still needs to be elucidated. Experimental 
animal models have been used to evaluate the inflammatory, immuno-
logical and clinical processes of progression and severity of periodon-
titis, for the reason that studies in humans of progression of periodontal 
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disease are considered extremely difficult to be evaluated due to the 
unpredictability of progression [4]. 

Periodontitis is characterized by immune and inflammatory re-
sponses in defense against bacterial colonization and involves the pro-
tective and supporting tissues of the tooth [8,9]. The inflammatory 
process in periodontitis can result in degradation of connective fibers 
and resorption of alveolar bone in a susceptible individual. The sus-
ceptibility of each individual can be explained due to differences in the 
immune response in the context of imbalance in periodontal tissues. This 
imbalance is marked by the consequent clinical implication of alveolar 
bone loss, mainly through the release of inflammatory cytokines. Based 
on the increase in the circulating level of inflammatory molecules, the 
association of periodontitis with systemic and behavioral factors, such as 
CR, has been reported [7]. 

Therefore, the aim of this study was to evaluate whether the effect of 
caloric restriction can be beneficial in alveolar bone loss in experimental 
periodontitis after obesity induction with the cafeteria diet method in 
rats. 

2. Material and methods 

2.1. Experimental design and animals treatment 

Male Wistar Rats (Rattus norvegicus albinus) were obtained from the 
State University of Ponta Grossa). The protocol was approved by the 
Ethics Committee on the Use of Animals (Protocol 12,203/2017) and 
was in accordance with the ARRIVE guidelines (Animal Research: 
Reporting of In vivo experiments) and following the National Institutes 
of (NIH) guide for the care and use of Laboratory animals [10,11]. The 
rats, with 30 days of life, were housed in polypropylene cages, main-
tained at a controlled temperature (± 23 ◦C) and on a 12/12 h light-dark 
cycle; fed a cafeteria diet without caloric restriction (CAF) or fed a 
cafeteria diet and 30% caloric restriction (CR), divided also according to 
the placement of periodontal ligature (CAF-LIG and CR-LIG). All animals 
had free access to water. For the sample calculation, alveolar bone loss 
was considered the primary outcome and the G* power 3.1 program (G * 
Power, Universität Düsseldorf, Düsseldorf, North Rhine-Westphalia, 
Germany) was used. It was found that for a power of 85%, the number 
used should be 10 animals per group. Considering possible losses during 
the experimental process and possible methodological error during the 
research, n of 12 animals per group were used, divided into four groups 
(total n = 48 animals, randomly distributed (Software Microsoft Excel®) 
(Fig. 1). No intentional exclusion of animals was necessary. However, 
due to animal deaths during the experimental period, statistical analyzes 
were performed with the following numbers: CAF (n = 10 animals), CR 
(n = 10 animals), CAF-LIG (n = 10 animals) and CR-LIG (n = 12 

animals). 

2.2. Diet protocol and experimental periodontitis ligature-induced 

In order to evaluate the effect of caloric restriction as a treatment, 
obesity was induced in animals by the cafeteria diet method. All ani-
mals, at the beginning, received the cafeteria diet, available 3 times/ 
week. The components of this diet consisted of 3 combinations with 
different menus containing high-caloric foods, distributed over the 3 
days of the week [12–14]. After 12 weeks, half of the animals were 
randomized and submitted to caloric restriction (CR) and the other half 
remained on the cafeteria diet (CAF), until the 24th week. From the 13th 
week, in the groups submitted to CR, the animals were fed with 70% of 
the amount ingested by the group that received an ad libitum diet from 
another study that followed in parallel, in our research group, following 
the diet protocol established in the literature [4,15]. The animals 
remained fed the caloric restriction or cafeteria diet until the end of the 
24 weeks. On the 22nd week, the rats in the CAF-LIG and CR-LIG groups 
were anesthetized with intramuscular injection of 10% ketamine (90 
mg/kg) and 2% xylazine (10 mg/kg) and received the cotton thread 
placement in the mandibular first molars, to induce experimental peri-
odontitis, according to the protocol recommended in the literature 
[16,17]. The animals that did not receive the experimental periodontitis, 
remained only submitted to diets until the 24th week. Euthanasia and 
blood collection, hemimandibles and analysis of clinical periodontal 
measures were performed at the end of the 24-week experiment. Bio-
metric data and adipose tissue were collected for analysis and proof of 
the effectiveness of the diets. 

2.3. Biometric data 

Body weight was measured twice a week and the graph of evolution 
of body weight was made to verify the increase or decrease in weight 
according to the diet provided. The naso-anal length was determined to 
calculate the Lee Index, together with the measurement of abdominal 
circumference, according to Merigo et al. (2013) [3]. The adipose tissue 
from the epididymal, mesenteric, retroperitoneal regions were removed 
and weighed to determine the adiposity index, as proposed in previous 
studies [18,19]. 

2.4. Clinical periodontal measures 

Previously to the euthanasia, clinical periodontal analysis of the 
molars that received the ligatures and also of the adjacent periodontal 
tissue was performed based on four parameters: Biofilm (0-absent; 1- 
present); Bleeding on probing (BOP) (0-absent; 1-present); Mobility: 0- 

Fig. 1. Overview of the study design and workflow  
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absent; 1-slight mobility (vestibular-palatal); 2-moderate mobility 
(vestibular-palatal and mesial-distal); 3-severe mobility (vertical, 
movement inside and outside the tooth socket); Gingival index (0- 
normal gingiva; 1-mild inflammation, mild edema, slight color change 

and no bleeding; 2-moderate inflammation, edema, redness and 
bleeding; 3-severe inflammation, extreme redness, presence of ulcer, 
edema and severe bleeding). To perform this analysis, the animals were 
initially weighed and sedated with intraperitoneal (IP) anesthesia with 

Fig. 2. Effect of caloric restriction on biometric parameters. (A) Body weight curve; (B) Final body weight; (C), (D) and (E) Relative retroperitoneal, mesenteric and 
epididymal fat weight, respectively; and (F) Daily food intake. CAF = cafeteria diet, CAF-LIG = cafeteria diet with experimental periodontitis ligature-induced, CR =
caloric restriction, CR-LIG = caloric restriction and periodontitis ligature-induced. Different signs means a significant difference (p < 0.05). Two-way ANOVA fol-
lowed by Tukey’s post-test. Data expresses mean ± SEM. (A) and (F) *Significant difference (p < 0.05) between groups that received CR with CAF groups. 
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10% ketamine solution (90 mg/kg) and 2% xylazine muscle relaxant 
(10 mg/kg). Subsequently, the animals were positioned on the operating 
table and with the help of a spatula and probe, the clinical analysis of 
periodontal measures was performed by blinded investigator [20–22]. 

2.5. Biochemical parameters 

After experiment, the blood was collected, centrifuged and stored at 
− 80 ◦C. Glucose, total cholesterol, HDL-cholesterol, LDL-cholesterol and 
triglyceride levels were determined using commercial kits following the 
manufacturer’s instructions, using the Wiener CT300i analyzer 
equipment. 

2.6. Macroscopic morphometric analysis 

To assess the extent of alveolar bone loss, measurements were made 
on the left hemimandibles. After euthanasia, the mandible of each ani-
mal was removed, boiled during 30 min, immersed in hydrogen 
peroxide solution (3%) for 12 h and stained with methylene blue (1%) to 
differentiate between the tooth and bone tissue, fixed on a support and 
photographed. The images were made for the macroscopic analysis of 
the mandibles with a Zeiss stereoscopic loupe with a 20× magnification. 
Previously the digital images were randomized and then analyzed for 
alveolar bone loss with the Image J Software. The measurements were 
made on the lingual surface by a blinded investigator. In this procedure, 
the area (mm2) corresponding to the exposed root of the molars was 
calculated. All acquired images were compared to an already known 

Fig. 3. Blood concentration of (A) Glucose (B) Triglycerides (C) HDL-cholesterol (D) LDL-cholesterol (E) Total cholesterol. Different signs means a significant dif-
ference (p < 0.05). Two-way ANOVA followed by Tukey’s post-test. Data expresses mean ± SEM. 

Table 1 
Biometric parameters in the experimentals groups submitted a caloric restriction 
and experimental periodontitis.   

CAF CAF-LIG CR CR-LIG 

Initial body weight (g) 36 ± 1.93 36 ± 1.20 34 ± 1.37 34 ± 2.15 
Final body weight (g) 571 ±

14.14* 
555 ±
18.81* 

334 ±
11.69# 

321 ±
9.77# 

Body weight gain (g) 535 ±
13.93* 

519 ±
18.27* 

300 ±
11.19# 

287 ±
9.59# 

Adiposity index (%) 8.5 ±
0.73* 

9.0 ±
0.63* 

2.1 ±
0.24# 

2.0 ±
0.20# 

Naso-anal lenght (cm) 27 ± 0.40 26 ± 0.34 25 ± 0.39 25 ± 0.26 
Lee index (g/cm) 313 ±

3.75* 
315 ±
4.14* 

276 ±
5.07# 

277 ±
2.99# 

Abdominal 
circumference (cm) 

23 ± 0.47* 23 ± 0.45* 17 ± 0.20# 17 ±
0.33# 

Data represented as mean ± SEM. ANOVA-two way, Tukey’s post-test. Different 
signs indicated p < 0.05. 
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area (1.0 × 1.0mm2) [23]. 

2.7. Bone biomakers 

The measurement of biomakers bone tissue, calcium and alkaline 
phosphatase, was performed using commercial kits, following the 
manufacturer’s instructions, and analyzed using the CT300i Wiener 
equipment. 

2.8. Statistical analysis 

Data regarding the biofilm and bleeding on probing, clinical peri-
odontal measures, were analyzed using the Chi-square test and the 
mobility and gingival index data were analyzed using the Mann-Whitney 
test, evaluated by the Statistical Package for the Social Sciences - SPSS 
Program, version for Windows.The remaining data were analyzed using 
analysis of variance (two-way ANOVA) with Tukey’s post-test, used for 
statistical comparisons (GraphPad Prisma software version 8.2.1, San 
Diego, CA, USA). The data were expressed as mean ± SEM. The level of 
significance used was 5% (p < 0.05). 

3. Results 

3.1. Biometric parameters 

The effectiveness of caloric restriction was evidenced by the signif-
icant reduction in body weight of the CR groups compared to the obese 
animals (p < 0.05). The rats submitted to CR had a 42% decrease in body 
weight compared to the animals that received a cafeteria diet. The 
values of Lee index and abdominal circumference were also significantly 
reduced compared to groups with a high calorie diet (p < 0.05). Caloric 
restriction reduced the adiposity index 77% in CR animals compared to 
obese groups. (Fig. 2; Table 1). 

3.2. Biochemical parameters 

Caloric restriction reduced glucose concentrations, with a significant 
decrease compared to obese rats. The other biochemical parameters of 
triglycerides, total cholesterol, HDL-cholesterol and LDL-cholesterol 
showed similar values, with no significant differences between groups 
(p > 0.05) (Fig. 3). 

3.3. Clinical periodontal measures 

Bleeding on probing was shown to be significantly increased in 
groups without caloric restriction, in which 100% of the rats were 
detected with bleeding, while approximately 70% of the animals with 
CR showed no BOP. However, for the biofilm parameter, no significant 
difference was found, and all animals in both groups were detected with 
the presence of biofilm. Beneficially, CR had a significant effect on the 

parameters of gingival index (p < 0.001) and mobility (p = 0.001), when 
comparing groups with and without induction of CR (Fig. 4 and Table 2). 

3.4. Macroscopic morphometric – alveolar bone loss 

The effect of CR was significant in reducing the values of alveolar 
bone loss, when comparing the groups that received ligature to induce 
experimental periodontitis (p < 0.01). Rats that were not induced to 
experimental periodontitis had no significant changes in alveolar bone 
loss after induction of CR (p > 0.05). Both in the analysis of the isolated 
factors (p < 0.001) and in the interaction between the factors (p <
0.008), the effect of the three conditions evaluated was significant 
(Fig. 5; Fig. 6). 

3.5. Bone biomakers 

The blood collected showed no significant changes in calcium and 
alcaline phosphatase levels when comparing the experimental groups 
(Fig. 7). 

4. Discussion 

Caloric restriction is worldwide used as a therapy for obesity and it is 
established in the literature that the reduction of caloric intake in the 
percentage between 20 and 40%, without malnutrition, results in 
several benefits, widely researched, such as the reduction of body weight 
and improvement in the health condition [24–29]. However, no study 
has tested the role of caloric restriction on alveolar bone loss in exper-
imental periodontitis. In this study, Wistar rats were submitted to a 
cafeteria diet and subsequently to a caloric restriction of 30%, to analyze 
alveolar bone loss in the context of experimental periodontitis. Our re-
sults reveal a significant reduction in alveolar bone loss after caloric 
restriction for obesity therapy in rats with experimental periodontitis. 
These data demonstrate a pioneering and important finding in the 
impact and influence of caloric restriction on bone tissue, under the 
condition of ligature-induced periodontitis. 

Periodontitis is an inflammatory condition that affects the protective 
and supporting tissues of the tooth, including the alveolar bone and that, 

Fig. 4. Comparison of clinical periodontal measures between groups that received ligature-induced experimental periodontitis, expressed as a percentage. Chi-square 
test. (A) Biofilm (B) Bleeding on probing (p = 0.002). 

Table 2 
Distribution of frequency of the periodontal clinical parameters based in scores.  

Parameter Gingival index* (p < 0.001) Mobility* (p = 0.001) 

Score 0 1 2 3 0 1 2 3 

CAF-LIG  0  2  8  2  0  5  4  3 
CR-LIG  1  10  1  0  7  5  0  0  

* Significant diferences between the groups. Mann-Whitney Test. CAF-LIG: 
cafeteria diet experimental group without caloric restriction and with ligature- 
induced. CR-LIG: cafeteria diet experimental group with 30% caloric restric-
tion and with ligature-induced. 
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if untreated, may lead to tooth loss [30]. The method of ligature-induced 
periodontitis is currently well understood and widely used [16,22,31]. 
The fact that the presence of experimental periodontitis has been 
significantly influenced by caloric restriction, by decreasing the values 
of alveolar bone loss, interestingly reinforces the key role of caloric re-
striction on the body’s inflammatory and immune response. The liter-
ature shows that obese patients, submitted to caloric restriction, showed 
a significant decrease in gingival fluid biomarkers, such as interleukin 
IL-1β and matrix metalloproteinases [7]. The cafeteria diet method for 
obesity induction is considered an experimental diet model that highly 
reflects the prevalent consumption of unhealthy foods in actual society 
and is a method proposed and established in the literature, considered 
efficient to result in obese rats [32–35]. Obesity has been associated with 
a low degree of chronic inflammation, which leads to the release of in-
flammatory mediators called adipokines [36–38]. Consequently, the 
increase in inflammation is accompanied by oxidative imbalance, with a 
greater possibility of damage to cellular structures, genetic material, 
lipids and proteins [33,39–41]. This imbalance in cellular processes and 
increased synthesis of pro-inflammatory cytokines trigger the over-
expression of molecules related to the NF-κB signaling pathway, such as 

Fig. 5. Diagram of macroscopic morphometric analisys and images of alveolar bone loss representing the experimental groups. (A) Parameters used for measurement 
of the total area of alveolar bone loss. (B) CAF, cafeteria diet. (C) CAF-LIG, without caloric restriction and with experimental periodontitis. (D) CR, with CR induction 
and without ligature. (E) CR-LIG, with CR and with experimental periodontitis ligature-induced. 

Fig. 6. Mean (EPM) of alveolar bone loss values (mm) of rats submitted to 
caloric restriction (CR) with and without experimental periodontitis ligature- 
induced (LIG) in the mandibular first molar. Caloric restriction factor, p <
0.0001 (significant difference); Ligature factor, p < 0.0001 (significant differ-
ence); Interaction of factors (caloric restriction with ligature), p = 0.0008 
(significant difference). Different signs means significant differences (p < 0.01) 
between groups (two-way ANOVA with Tukey’s post-test) 
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the nucleus kappa beta activator receptor ligand (RANKL), by osteo-
blasts that act in differentiation and activation of the osteoclasts, 
resulting in alveolar bone resorption. The RANK/RANKL/OPG system is 
decisive in alveolar bone resorption [42]. In periodontitis, the imbalance 
and accumulation of RANKL, with less OPG production and secretion, 
makes the disease progression mainly resulting in alveolar bone loss 
[43]. 

In contrast, caloric restriction alters intracellular signaling pathways, 
such as NF-κB and thereby decreases the release of pro-inflammatory 
cytokines (RANKL), triggering the overexpression of regulatory mole-
cules, such as SIRT-1 (sirtuin-1) [44–46]. SIRT-1 belongs to enzymes 
called deacetylases, of the sirtuin family and among the main beneficial 
functions: modulation of genetic stability, regulation of cell survival, 
endocrine signaling and gene transcription [45,47]. Sirtuins are 
involved in the processes of caloric restriction, more widely described 
and associated with health benefits [48–50]. With the regulation of the 
oxidative and inflammatory mechanism in cells, are greater the chances 
of preventing and decreasing inflammatory diseases, such as obesity and 
periodontitis [37]. In periodontitis, this mechanism suggests a reduction 
of cellular damage, improvement in the oxidative and inflammatory 
profile, and consequent decrease in the release of inflammatory medi-
ators, characteristic of periodontitis [51]. In this sense, through the 
lower activation of bone resorption mechanism, it is suggested a 
decrease in the severity of periodontitis, wich explain the result found in 
our study by the significantly reduced values of alveolar bone loss after 
caloric restriction. 

Regarding periodontal clinical parameters, mobility, bleeding and 
gingival index showed significant differences between obese groups and 
those who received caloric restriction. The findings of attenuated peri-
odontal clinical parameters after caloric restriction suggest that the 
mechanism associated with the process of alveolar bone loss may be 
associated with the clinical manifestations of periodontitis. In addition, 
all animals tested presented biofilm, which indicates that the ligature- 
induced periodontitis method resulted in the expected microbiological 
accumulation. There are still no studies in the literature that evaluated 
periodontal clinical parameters in obese animals, submitted to both 
caloric restriction and experimental periodontitis. Therefore, our data 
suggest an important scientific basis for future research on this topic. 

The caloric restriction markedly reduced the values of body weight 
and other biometric parameters, such as adiposity index, abdominal 
circumference, Lee index and body weight gain, in comparison with the 
groups that were not submitted to caloric restriction. Our data converge 
with the literature, in which both obese patients and animals showed a 
reduction in body weight after caloric restriction [7,47]. Interestingly, 
patients from a randomized clinical study also showed a decrease in 
body weight and glucose level, after caloric restriction in obesity. 
Converging with our findings, the clinical study also found no significant 
difference in the parameters of triglycerides, total cholesterol, HDL- 

cholesterol and LDL-cholesterol [26]. Additionally, the literature is 
established regarding the reduction of body weight and blood glucose 
levels, after caloric restriction [52]. The potential of CR improves peri-
odontal condition as well as systemic condition, such as hyperglicemia 
and obesity, can be explained by the fact that obesity and periodontitis 
might share the same pathophysiologic mechanism, suggesting a risk 
factor for periodontitis. Besides that, obesity has been directly related 
with diabetes because affects the glycemic control and diet control in CR 
could regulate cytokine responses in diet-induced obese, suggesting an 
improvement also in hyperglicemia [7]. CR regulates several biological 
processes via deacetylation of the main metabolic molecules, including 
NF-κB. The deacetylation of these molecules results in an increase in the 
concentration of adiponectin, decreasing inflammation and increased 
sensitivity to insulin [53]. In contrast to our finding, Ding et al. (2017) 
observed a significant difference in the parameters of triglycerides, total 
cholesterol, HDL-cholesterol and LDL-cholesterol after caloric restric-
tion [54]. 

Other data from our study, such as calcium and alkaline phosphatase 
levels, did not show significant difference after induction of caloric re-
striction. This fact suggests that the 30% caloric restriction did not cause 
malnutrition. Alkaline phosphatase has been postulated as a prognostic 
predictor and adjunct in routine methods to determine periodontitis 
activity. Alkaline phosphatase is a calcium and phosphate binding 
glycoprotein, present in various organs and tissues, mainly in bone tis-
sue. It is produced by several cells, such as polymorphonuclear leuko-
cytes, macrophages, osteoblasts, present in the periodontium [55,56]. 
Therefore, it is an important indicator of osteoblastic activity and 
therefore, it was also the target of investigation in our study. 

5. Conclusion 

The caloric restriction effectively reduced the alveolar bone loss and 
attenuated the clinical periodontal measures in the CR-LIG group, after 
cafeteria diet. Moreover, this therapy also improved the biometric pa-
rameters and glycemic profile. Considering our findings, we demon-
strate the important role of caloric restriction in inflammatory 
conditions, mainly the periodontitis and potential regulation of alveolar 
bone metabolism. 
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Fig. 7. Effect of caloric restriction on bone tissue biomarkers (A) Calcium (B) Alkaline phosphatase. Two-way ANOVA, followed by Tukey’s post-test. Data represents 
mean ± SEM. No significant difference between the experimental groups. 
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O. Alves, R. Gorjão, R.O. Guaré, Correlation of salivary immunoglobulin A with 
body mass index and fat percentage in overweight/obese children, J. Appl. Oral 
Sci. 27 (2019), https://doi.org/10.1590/1678-7757-2018-0088. 

[39] P. Galassetti, Inflammation and oxidative stress in obesity, metabolic syndrome, 
and diabetes, Exp. Diabetes Res. 2012 (2012), https://doi.org/10.1155/2012/ 
943706. 

[40] B. Ponugoti, G. Dong, D.T. Graves, Role of forkhead transcription factors in 
diabetes-induced oxidative stress, Exp. Diabetes Res. 2012 (2012), https://doi.org/ 
10.1155/2012/939751. 

[41] B.S. Karam, A. Chavez-Moreno, W. Koh, J.G. Akar, F.G. Akar, Oxidative stress and 
inflammation as central mediators of atrial fibrillation in obesity and diabetes, 
Cardiovasc. Diabetol. 16 (2017), https://doi.org/10.1186/s12933-017-0604-9. 

E.L. Soares et al.                                                                                                                                                                                                                                

https://doi.org/10.4317/medoral.21786
https://doi.org/10.1038/s41366-018-0253-4
https://doi.org/10.1038/s41366-018-0253-4
https://doi.org/10.2147/DMSO.S50105
https://doi.org/10.2147/DMSO.S50105
https://doi.org/10.1902/jop.2008.070629
https://doi.org/10.2147/CIA.S126458
https://doi.org/10.2147/CIA.S126458
https://doi.org/10.1016/j.nut.2008.07.003
https://doi.org/10.1186/s12903-015-0094-7
https://doi.org/10.1155/2018/7315797
https://doi.org/10.1590/1678-7757-2018-0211
https://doi.org/10.1590/1678-7757-2018-0211
https://doi.org/10.1371/journal.pbio.1000412
http://refhub.elsevier.com/S0024-3205(20)31500-9/rf0055
http://refhub.elsevier.com/S0024-3205(20)31500-9/rf0055
http://refhub.elsevier.com/S0024-3205(20)31500-9/rf0055
http://refhub.elsevier.com/S0024-3205(20)31500-9/rf0055
https://doi.org/10.1186/1472-6793-8-12
https://doi.org/10.1186/1472-6793-8-12
http://refhub.elsevier.com/S0024-3205(20)31500-9/rf0065
http://refhub.elsevier.com/S0024-3205(20)31500-9/rf0065
http://refhub.elsevier.com/S0024-3205(20)31500-9/rf0065
http://refhub.elsevier.com/S0024-3205(20)31500-9/rf0065
https://doi.org/10.1590/1678-4324-2019180563
https://doi.org/10.1371/journal.pone.0183541
https://doi.org/10.1590/1678-7757-2016-0517
https://doi.org/10.1902/jper.10318
https://doi.org/10.3390/nu10111571
https://doi.org/10.1016/j.lfs.2018.03.052
https://doi.org/10.1007/s10735-008-9163-4
https://doi.org/10.1002/JPER.18-0564
https://doi.org/10.1016/j.archoralbio.2006.03.018
https://doi.org/10.1371/journal.pone.0153716
https://doi.org/10.1371/journal.pone.0153716
https://doi.org/10.1161/01.cir.0000437739.71477.ee
https://doi.org/10.5483/BMBRep.2012.45.11.094
https://doi.org/10.2337/db16-0607
https://doi.org/10.1038/s41598-017-12109-9
https://doi.org/10.3390/nu10060717
https://doi.org/10.1038/s41598-018-31353-1
https://doi.org/10.1016/j.amjms.2016.02.004
https://doi.org/10.1590/1807-3107bor-2019.vol33.0001
https://doi.org/10.1038/oby.2011.18
https://doi.org/10.7717/peerj.3697
https://doi.org/10.7717/peerj.3697
https://doi.org/10.1038/ijo.2017.225
https://doi.org/10.1038/ijo.2017.225
https://doi.org/10.7717/peerj.6656
https://doi.org/10.7717/peerj.6656
https://doi.org/10.1016/j.nut.2012.07.003
https://doi.org/10.1016/j.nut.2012.07.003
https://doi.org/10.1155/2018/5302049
https://doi.org/10.1155/2018/5302049
https://doi.org/10.1590/1678-7757-2018-0088
https://doi.org/10.1155/2012/943706
https://doi.org/10.1155/2012/943706
https://doi.org/10.1155/2012/939751
https://doi.org/10.1155/2012/939751
https://doi.org/10.1186/s12933-017-0604-9


Life Sciences 265 (2021) 118747

9

[42] S.A. Hienz, S. Paliwal, S. Ivanovski, Mechanisms of bone resorption in 
periodontitis, J Immunol Res 2015 (2015), https://doi.org/10.1155/2015/ 
615486. 

[43] E. Papathanasiou, A. Kantarci, A. Konstantinidis, H. Gao, T.E. van Dyke, SOCS-3 
regulates alveolar bone loss in experimental periodontitis, J. Dent. Res. 95 (2016) 
1018–1025, https://doi.org/10.1177/0022034516645332. 

[44] S. Rahman, R. Islam, Mammalian Sirt1: insights on its biological functions, Cell 
Communication and Signaling 9 (2011), https://doi.org/10.1186/1478-811X-9- 
11. 

[45] L. Guarente, Calorie restriction and sirtuins revisited, Genes Dev. 27 (2013) 
2072–2085, https://doi.org/10.1101/gad.227439.113. 

[46] N. Makino, J. Oyama, T. Maeda, M. Koyanagi, Y. Higuchi, I. Shimokawa, N. Mori, 
T. Furuyama, FoxO1 signaling plays a pivotal role in the cardiac telomere biology 
responses to calorie restriction, Mol. Cell. Biochem. 412 (2016) 119–130, https:// 
doi.org/10.1007/s11010-015-2615-8. 

[47] M. Waldman, K. Cohen, D. Yadin, V. Nudelman, D. Gorfil, M. Laniado- 
Schwartzman, R. Kornwoski, D. Aravot, N.G. Abraham, M. Arad, E. Hochhauser, 
Regulation of diabetic cardiomyopathy by caloric restriction is mediated by 
intracellular signaling pathways involving “SIRT1 and PGC-1α”, Cardiovasc. 
Diabetol. 17 (2018) https://doi.org/10.1186/s12933-018-0754-4. 

[48] X. Qiu, K. Brown, M.D. Hirschey, E. Verdin, D. Chen, Calorie restriction reduces 
oxidative stress by SIRT3-mediated SOD2 activation, Cell Metab. 12 (2010) 
662–667, https://doi.org/10.1016/j.cmet.2010.11.015. 

[49] A. Ansari, M.S. Rahman, S.K. Saha, F.K. Saikot, A. Deep, K.H. Kim, Function of the 
SIRT3 mitochondrial deacetylase in cellular physiology, cancer, and 
neurodegenerative disease, Aging Cell 16 (2017) 4–16, https://doi.org/10.1111/ 
acel.12538. 

[50] W. Yu, J. Qin, C. Chen, Y. Fu, W. Wang, Moderate calorie restriction attenuates 
age-associated alterations and improves cardiac function by increasing SIRT1 and 
SIRT3 expression, Mol. Med. Rep. 18 (2018) 4087–4094, https://doi.org/10.3892/ 
mmr.2018.9390. 

[51] S. Hiyari, R.L. Wong, A. Yaghsezian, A. Naghibi, S. Tetradis, P.M. Camargo, F. 
Q. Pirih, Ligature-induced peri-implantitis and periodontitis in mice, J. Clin. 
Periodontol. 45 (2018) 89–99, https://doi.org/10.1111/jcpe.12817. 

[52] Y.-B. Yang, X.-L. Wu, B. Ke, Y.-J. Huang, S.-Q. Chen, Y.-Q. Su, J. Qin, Effects of 
caloric restriction on peroxisome proliferator-activated receptors and positive 
transcription elongation factor b expression in obese rats, Eur. Rev. Med. 
Pharmacol. Sci. 21 (2017) 4369–4378. 

[53] M.G. Heo, S.Y. Choung, Anti-obesity effects of Spirulina maxima in high fat diet 
induced obese rats via the activation of AMPK pathway and SIRT1, Food Funct. 9 
(2018) 4906–4915, https://doi.org/10.1039/c8fo00986d. 

[54] S. Ding, J. Jiang, G. Zhang, Y. Bu, G. Zhang, X. Zhao, Resveratrol and caloric 
restriction prevent hepatic steatosis by regulating SIRT1-autophagy pathway and 
alleviating endoplasmic reticulum stress in high-fat diet-fed rats, PLoS One 12 
(2017), https://doi.org/10.1371/journal.pone.0183541. 
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