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Resumo
Introdução: Com a suplementação de glutamina há um melhor desempenho no sistema de defesa do corpo. 
Objetivo: O objetivo deste estudo foi analisar o efeito da suplementação de glutamina na doença periodontal induzida 
por ligatura em ratos. Material e método: Foram selecionados 48 ratos machos da linhagem Wistar divididos em 
4  grupos (N = 12): grupo controle (GC) incluindo animais saudaveis recebendo solução salina diariamente via 
gavagem; grupo glutamina (GG) incluindo animais saudaveis que receberam suplementação oral de glutamina por 
gavagem a uma dose de 1,5 g/kg/dia; grupo periodontite (GP) incluindo animais com doença periodontal induzida na 
maxila em ambos os lados recebendo solução salina diária via gavagem; grupo experimental (GE) incluindo animais 
com doença periodontal induzida na maxila nos dois lados recebendo glutamina diária via gavagem na dose de 
1,5 g/kg/dia. No 30º dia, todos os animais foram eutanasiados por excesso de anestésico. Resultado: Nas várias análises, 
o GE (116,63 ± 22,50 mm2) comparado ao GC (82,32 ± 7,48 mm2) obteve um p<0,05. O GP (143,15 ± 35,24 mm2) 
comparado ao grupo GE (116,63 ± 22,50 mm2) apresentou p<0,05. O GP (143,15 ± 35,24 mm2) comparado ao GC 
(82,32 ± 7,48 mm2) apresentou p<0,05. O GG (118,09 ± 10,4 mm2) comparado ao GC (82,32 ± 7,48 mm2) apresentou 
p>0,05. Conclusão: A suplementação de glutamina associada à doença periodontal induzida demonstrou uma menor 
perda óssea em comparação com o grupo periodontite. 

Descritores: Suplementos nutricionais; doenças periodontais; produtos com ação antimicrobiana.

Abstract
Introduction: With glutamine supplementation there is better performance in the body’s defense system. Objective: The 
aim of this study was to analyze the effect of glutamine supplementation on ligand-induced periodontal disease 
in rats. Material and method: 48 selected male Wistar rats were divided into 4 groups (N = 12): control group 
(CG) including healthy animals receiving daily saline solution via gavage; glutamine group (GG) including healthy 
animals receiving oral glutamine supplementation by gavage at a dose of 1.5 g / kg / day; periodontitis group (PG) 
including animals with induced periodontal disease on both upper sides receiving daily saline solution via gavage; 
experimental group (EG) including animals with induced periodontal disease on both upper sides receiving daily 
glutamine via gavage at a dose of 1.5 g / kg / day. On the 30th day, all animals were euthanized by excess anesthetic. 
Result: In the various analyses, the EG (116.63 ± 22.50 mm2) compared to the CG (82.32 ± 7.48 mm2) obtained a 
p<0.05. The PG (143.15 ± 35.24 mm2) compared to the EG group (116.63 ± 22.50 mm2) presented a p<0.05. The PG 
(143.15 ± 35.24 mm2) compared to the CG (82.32 ± 7.48 mm2) presented a p<0.05. The GG (118.09 ± 10.4 mm2) 
compared to the CG (82.32 ± 7.48 mm2) presented a p>0.05. Conclusion: Glutamine supplementation associated 
with induced periodontal disease demonstrated a smaller amount of bone loss compared to the periodontitis group. 

Descriptors: Dietary supplements; periodontal diseases; products with antimicrobial action.

INTRODUCTION

Glutamine is the most abundant amino acid in the human 
body, involving approximately 20% of the total amino acids1. 
Its characteristics are not essential, and there are almost no existing 

pathologies with glutamine disturbances. Specifically, only three 
cases have been reported globally2,3. Its metabolism is linked to the 
ammonia cycle2,3, which is relevant and poses risks to human health.
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Glutamine use was evaluated in a clinical trial with children in 
severe disease states. The results demonstrated that it has a beneficial 
effect on brain activity and the decrease of ammonia in the body4. 
Furthermore, the findings indicated that glutamine is systemically 
safe and could be administered in different ways4,5.

Glutamine plays an essential role in the body’s defense system. 
The decrease in this amino acid causes a drop in the proliferation of 
lymphocytes and antibodies in response to antigenic stimulation. 
Thus, in adverse organic conditions, supplementation with glutamine 
contributes to a lower infection rate and a shorter hospital stay5,6.

Diseases that affect the periodontium are usually infectious 
processes7 that lead to inflammation that manifests clinically 
between the tooth and the gingiva through the internal epithelium 
of the gingival sulcus injury. A clear sign of disease activity is the 
presence of gingival bleeding, which sometimes presents with pain 
and purulent secretions8.

Diseases affecting the periodontium are more prevalent in 
developing countries. However, they are also prevalent in developed 
countries. Periodontal disease is related to other pathologies 
including heart disease, smoking, diabetes, and rheumatism. 
In  summary, diseases that affect the periodontium area global 
public health problem9,10.

In view of the following, it was expected that a beneficial effect 
of glutamine supplementation on induced periodontal disease in 
rats would be found.

MATERIAL AND METHOD

All procedures were performed only after approval from the 
research ethics committee of the University of Cuiabá (CEP / UNIC), 
under registration number 050 / CEP / UNIC and protocol number 
2012-050.

For the present experiment, 48 rats of the Rattus norvegicus‑Wistar 
strain with a body mass of 349 ± 54 g were selected from the Cuiabá 
University Laboratory (UNIC). They were provided with a balanced 
diet (Nuvilab® - Nuvital Nutrientes S / A, Curitiba, PR, Brazil) and 
water ad libitum, under a light / dark cycle of 12 hours, controlled 
temperature of 23 °C and humidity of ± 50%. They adapted to the 
new environment for 7 days.

After the adaptation period, the animals were randomly divided 
into four distinct groups (N = 12): control group (CG), glutamine 
group (GG), periodontitis group (PG), and experimental group 
(EG). The groups with disease induction were induced on both 
sides of the maxilla.

The control group included healthy animals that received daily 
saline solution via gavage. The glutamine group included healthy 
animals that received oral glutamine supplementation via gavage at 
a dose of 1.5 g / kg / day. The periodontitis group included animals 
with induced periodontal disease on both upper sides that received 
daily saline solution via gavage. The experimental group included 
animals with induced periodontal disease on both upper sides that 
received daily glutamine via gavage at a dose of 1.5 g / kg / day.

On the first day, all animals were anesthetized with an 
intramuscular administration of 0.1 mL of ketamine hydrochloride 

(Dopalen, Agribrands, Animal Health, Paulínia, SP, Brazil) at a 
dose of 50 mg / mL, which was associated with 0.05 mL of xilazine 
(Rompun, Bayer, Animal Health, São Paulo, SP, Brazil) and 2 g 
per 100 mL for each 100 g of body weight. For the animals in the 
PG and EG groups, a small dislocation was made in the upper second 
molars (right and left), and a silk suture was placed around the tooth 
to induce periodontal disease; this procedure was performed in the 
upper two quadrants, and the silk thread was left in for 30 days. 
For the animals in the CG and GG groups, only a small dislocation 
was done in the second molars. All procedures were performed by 
the same operator who was previously trained.

One day after the surgical procedure, dietary supplementation 
with glutamine was initiated for the animals in the GG and EG groups 
via gavage at a single dose of 1.5 g / kg / day in a 50% suspension. 
With the help of a syringe and a cannula, the animals were 
immobilized, and all contents were injected into the oral cavity 
slowly to avoid trauma.

The animals in the CG and PG groups received distilled water 
during this period at the same volume and equal administration 
as the EG and GG animals.

All animals were sacrificed on the 30th day of the experiment 
using excess anesthetic. After euthanasia via excess anesthetic, the 
maxilla was removed and fixed in 10% formalin.

Body Mass

The animals were weighed before beginning the experiment, after 
fifteen days of onset, and on the day of euthanasia. An electronic 
weighing scale was used for the animals, which was regulated 
according to INMETRO (National Institute of Metrology, Quality 
and Technology) standards.

Morphometric Analysis

For the morphometric analysis, the pieces were immersed in 
30% hydrogen peroxide for two hours, and the soft tissues were 
removed with gauze, followed by staining with 1% blue methylene 
for 30 minutes and washing in tap water to remove excess dye. 
The pieces were dried, and images were taken using a high-resolution 
camera (Nikon 5100-Thailand, Macro100 - China) with a flash 
(Sigma, Ronkonkoma-NY, USA). The analyzed parameter was the 
area in mm2 of bone loss between the cementum-enamel junction 
and the alveolar bone crest in the vestibular region, which were the 
elements in which the disease had been induced; the measurements 
were assessed using ImageLab software (Diracon Bio Informatics 
Ltda. Vargem Grande do Sul, SP, Brazil).

Statistical Analysis

According to the analyzed data, the tests were considered 
appropriate, and constant observation of the condition of homogeneity 
and normality among the variances using the Shapiro-Wilk test 
was proposed. For body mass data, analysis of variance (ANOVA) 
with Tukey’s post hoc test was used. For morphometric data, the 
two-way ANOVA was performed. The confidence interval chosen 
for the variables was 95%, and the significance level adopted 
was 5%. The comparisons chosen for this test were as follows: 
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EG compared to CG; PG compared to EG; PG compared to CG; 
and GG compared to CG.

RESULT

Regarding the comparisons of the experimental group, animals 
that used glutamine and animals that used glutamine associated with 
periodontitis (116.63 ± 22.50 mm2) were compared to the groups in 
which periodontitis was induced by ligature (143.15 ± 35.24 mm2), 
and glutamine seemed to be able to decrease the rate of disease 
progression induced in the periodontium (p<0.05). The control 
group did not receive the medication or have the disease induced 
by ligature. Thus, the physiological space of the tissues without 
disease was 82.32 ± 7.48 mm2, while in the comparison with the 
experimental group, it was116.63 ± 22.50 mm2 (p<0.05) (Table 1).

The animals with ligature-induced periodontitis presented a 
destruction of the periodontal structures (143.15 ± 35.24 mm2) 
compared to the control group, which did not receive medication and 
had no induced disease (82.32 ± 7.48 mm2) (p<0.05). The animals in 
the glutamine group (118.09 ± 10.4 mm2) presented no significant 
differences compared to the control group (82.32 ± 7.48 mm2) 
(p>0.05).

Table  2 shows the mean body mass of the animals at three 
different times (initial, 15 days and 30 days), showing no significant 
differences between the same groups (p>0.05). Among the different 
groups at the same times in the experiment, comparisons between 
groups did not show significant differences (p>0.05).

DISCUSSION

The results of the study demonstrate that the use of glutamine 
without infection does not present significant differences between 
the groups; when using glutamine associated with the stimulation 
of periodontitis and immunoinflammatory disease, the progression 
of the disease could be avoided compared to the group with only 
induction of the disease.

The findings of this study possibly occurred because glutamine 
acted to avoid an effect of oxidative stress. This process is able to 
stimulate the inflammatory response that causes the destruction of 
the periodontal tissues11,12. In addition to the antimicrobial effect13, 
another relevant point is the effect of stimulating the immune 
system through glutamine.

Apoptosis is programmed cell death. Its occurrence with an 
increased rhythm in the periodontium is a demonstration of the 
presence of oxidative stress14. In the case of the results of the study, 
it seems that there was reduced apoptosis even in the presence of 
oxidative stress. In the case of the periodontium, bacteria called 
periodontopathogens have the capacity to induce apoptosis, which 
induces a cascade effect and produces interleukins IL6 and FNT15.

Glutamine supplementation is commonly used in health 
care16. Its use in the form of supplementation is relevant in patients 
experiencing polytrauma who are hospitalized in the intensive care 
unit and patients with cancer and other enteral tract disorders. 
The results confirm in rats that the study of the use of glutamine17 
can be expanded to dentistry. The most interesting finding was the 

observation that the group with oral supplementation avoided the 
progression of periodontitis.

This work can initiate a perspective of the treatment of periodontitis 
with oral or systemic glutamine supplementation. It should be 
noted that work on mice is relevant but not applicable to humans. 
Although glutamine does not present side effects, studies should 
always be conducted with caution and attention to this possibility.

It is also emphasized that rats were used to evaluate the progression 
of periodontal disease18; we opted to use rats in this study because 
of the similarities to humans in inflammatory responses, low costs 
of research, easy handling, similarities regarding the anatomy of 
molars and the periodontium in their surroundings, and the model 
of drug intake18. The method used to induce the disease was through 
the placement of the silk thread around the molars, which is very 
reproducible and low-cost19,20.

It was observed that body mass remained stable. It is important 
to emphasize that a simple increase in body mass in reverse becomes 

Table 2. Body mass of animals in grams at different times of the 
experiment

Groups
Initial body 

mass
D15 body 

mass
D30 body 

mass

Mean SD Mean SD Mean SD

CG 359.7A, a 58.6 376.6B, a 58.1 354.1C, a 56.8

GG 361.1A, b 34.9 349.5B, b 28.2 352.1C, b 29.6

PG 339.6A, c 70.1 339.2B, c 54.3 338.5C, c 60.7

EG 336.4A, d 50.9 358.6B, d 35.1 342.9C, d 33.5

Intergroup comparison: one-way ANOVA with Tukey’s post hoc test, uppercase 
letters in the columns signify a lack of significant differences (p>0.05). Intragroup 
comparison: ANOVA of repeated measures with Tukey’s post hoc test, lowercase 
letters in the lines signify a lack of significant differences (p>0.05). CG: control 
group; GG: glutamine group; PG: periodontitis group; EG: experimental group; 
D15: 15 days after the beginning of the experiment; D30: 30 days after the beginning 
of the experiment; SD: standard deviation.

Table 1. Means of the periodontal destruction obtained in the 
morphometric analysis

Groups Means Standard Deviation

Experimental Group *116.63 22.50

Control Group *82.32 7.48

Periodontitis Group #143.15 35.24

Experimental Group #116.63 22.50

Periodontitis Group $143.15 35.24

Control Group $82.32 7.48

Glutamine Group &118.09 10.4

Control Group &82.32 7.48

Two-way ANOVA. *, #, $, & Statistical difference between groups (p<0.05). 
The measurements are in square millimeters (mm2) and refer to the destroyed 
periodontium.
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a negative factor in the etiopathogenesis of periodontitis. In 24 rats 
divided into two groups, one group of 11 rats with a regular diet 
and another group with 13 rats with a diet high in sugar and fat, 
periodontal disease were induced in all animals, and after 30 days, 
the analysis showed that obesity could aggravate periodontal 
disease21. Other studies in humans have already confirmed the 
same hypothesis20; however, the mechanism is unclear20,21.

In this study, the morphometric method was used. There are 
several works in the literature that validate all these findings20-22. 
In 2007, Fernandes et al.16 conducted an experimental study to 
compare a morphometric analysis with an histological analysis 
to verify if there was a difference between the methods. For the 
study, 10 Wistar rats were selected and divided into two groups; 
periodontal disease was induced in all animals and at the end, their 
jaws were removed. Five of these jaws were used for the histological 
analysis, and five were used for the morphometric analysis and at 
the study’s results, the authors did not find statistical difference 
compared to the measurements made in both methods. The study’s 
conclusion both methods had items that were of value and enabled 
good information.

It is important to return to the focus of the research question 
that the described supplementation has little interference with 
body mass, as the results of this study indicate, but it modulates 
the inflammatory and oxidative process, favoring the recovery of 
the organism in the periodontium.

To evaluate the effects on plasma antioxidant protection and 
renal and pulmonary tissue damage of oral glutamine preceding 
renal ischemia / reperfusion, 33 rats were selected and submitted 

to right nephrectomy and divided into three groups: glutamine, 
control and sham. Fourteen days later, left ischemia and reperfusion 
were performed. At the end of the experiment, it was concluded that 
glutamine improves levels of total antioxidant capacity23,24. In the 
results of the described study, it was observed that glutamine showed 
the potential to avoid bone progression through supplementation 
of the drug.

In a meta-analysis conducted in 2014, Liu et al.25, sought to 
seek evidence of the association of chronic periodontal disease with 
biomarkers of oxidative stress. Of 329 articles evaluated, 16 were 
selected because they had great scientific impact. The authors 
concluded that total antioxidant capacity decreased in the presence 
of chronic periodontitis and that levels of malondialdehyde and 
nitric oxide were higher compared to healthy patients.

This study seems to agree with the other papers presented here. 
Glutamine decreased bone loss caused by induced periodontitis, 
which was evaluated in the morphometric analysis. However, the 
relationship between glutamine and periodontal disease needs to 
be explored further since the literature lacks information. These 
results are expected to be used to support further research and 
perhaps contribute to a clinical trial on glutamine use.

CONCLUSION

Glutamine associated with the induction of periodontitis 
demonstrated less bone loss compared with the group with only 
periodontitis.

REFERENCES

1.	 Koning TJ. Amino acid synthesis deficiencies. J Inherit Metab Dis. 2017 Jul;40(4):609-20. http://dx.doi.org/10.1007/s10545-017-0063-1. 
PMid:28653176.

2.	 Häberle J, Görg B, Rutsch F, Schmidt E, Toutain A, Benoist JF, et al. Congenital glutamine deficiency with glutamine synthetase mutations. 
N Engl J Med. 2005 Nov;353(18):1926-33. http://dx.doi.org/10.1056/NEJMoa050456. PMid:16267323.

3.	 Cavalcante AA, Campelo MW, de Vasconcelos MP, Ferreira CM, Guimarães SB, Garcia JH, et al. Enteral nutrition supplemented with 
L-glutamine in patients with systemic inflammatory response syndrome due to pulmonary infection. Nutrition. 2012 Apr;28(4):397-402. 
http://dx.doi.org/10.1016/j.nut.2011.07.011. PMid:22055478.

4.	 Häberle J, Shahbeck N, Ibrahim K, Schmitt B, Scheer I, O’Gorman R, et al. Glutamine supplementation in a child with inherited GS deficiency 
improves the clinical status and partially corrects the peripheral and central amino acid imbalance. Orphanet J Rare Dis. 2012 Jul;7(1):48. 
http://dx.doi.org/10.1186/1750-1172-7-48. PMid:22830360.

5.	 Stachowicz-Stencel T, Synakiewicz A. Glutamine as a supplemental treatment in pediatric and adult oncology patients. Expert Opin Investig 
Drugs. 2012 Dec;21(12):1861-71. http://dx.doi.org/10.1517/13543784.2012.717929. PMid:22916969.

6.	 Ren W, Wang K, Yin J, Chen S, Liu G, Tan B, et al. Glutamine-induced secretion of intestinal secretory immunoglobulin A: a mechanistic 
perspective. Front Immunol. 2016 Nov;7:503. http://dx.doi.org/10.3389/fimmu.2016.00503. PMid:27933057.

7.	 Socransky SS, Haffajee AD. Dental biofilms: difficult therapeutic targets. Periodontol 2000. 2002;28(1):12-55. http://dx.doi.org/10.1034/j.1600-
0757.2002.280102.x. PMid:12013340.

8.	 Pihlstrom BL, Michalowicz BS, Johnson NW. Periodontal diseases. Lancet. 2005 Nov;366(9499):1809-20. http://dx.doi.org/10.1016/S0140-
6736(05)67728-8. PMid:16298220.

9.	 Nazir MA. Prevalence of periodontal disease, its association with systemic diseases and prevention. Int J Health Sci. 2017 Apr-Jun;11(2):72-80. 
PMid:28539867.

10.	Haas AN, Gaio EJ, Wagner MC, Rios FS, Costa RS, Rösing CK, et al. A population-based cohort study of oral health in South Brazil: the 
Porto Alegre study. Rev Bras Epidemiol. 2015 Apr-Jun;18(2):515-9. http://dx.doi.org/10.1590/1980-5497201500020018. PMid:26083520.

11.	Lima MDR, Lopes AP, Martins C, Brito GAC, Carneiro VC, Goes P. The effect of Calendula officinalis on oxidative stress and bone loss in 
experimental periodontitis. Front Physiol. 2017 Jun;8:440. http://dx.doi.org/10.3389/fphys.2017.00440. PMid:28701962.

https://doi.org/10.1007/s10545-017-0063-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28653176&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28653176&dopt=Abstract
https://doi.org/10.1056/NEJMoa050456
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16267323&dopt=Abstract
https://doi.org/10.1016/j.nut.2011.07.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22055478&dopt=Abstract
https://doi.org/10.1186/1750-1172-7-48
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22830360&dopt=Abstract
https://doi.org/10.1517/13543784.2012.717929
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22916969&dopt=Abstract
https://doi.org/10.3389/fimmu.2016.00503
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27933057&dopt=Abstract
https://doi.org/10.1034/j.1600-0757.2002.280102.x
https://doi.org/10.1034/j.1600-0757.2002.280102.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12013340&dopt=Abstract
https://doi.org/10.1016/S0140-6736(05)67728-8
https://doi.org/10.1016/S0140-6736(05)67728-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16298220&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28539867&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28539867&dopt=Abstract
https://doi.org/10.1590/1980-5497201500020018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26083520&dopt=Abstract
https://doi.org/10.3389/fphys.2017.00440
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28701962&dopt=Abstract


Rev Odontol UNESP. 2018 Mar-Apr; 47(2): 119-123	 Effect of glutamine ingestion...	 123
123/123

12.	Ahmadi-Motamayel F, Goodarzi MT, Jamshidi Z, Kebriaei R. Evaluation of salivary and serum antioxidant and oxidative stress statuses 
in patients with chronic periodontitis: a case-control study. Front Physiol. 2017 Mar;8:189. http://dx.doi.org/10.3389/fphys.2017.00189. 
PMid:28408887.

13.	Duggan C, Gannon J, Walker WA. Protective nutrients and functional foods for the gastrointestinal tract. Am J Clin Nutr. 2002 May;75(5):789-
808. http://dx.doi.org/10.1093/ajcn/75.5.789. PMid:11976152.

14.	Listyarifah D, Al-Samadi A, Salem A, Syaify A, Salo T, Tervahartiala T, et al. Infection and apoptosis associated with inflammation in 
periodontitis: an immunohistologic study. Oral Dis. 2017 Nov;23(8):1144-54. http://dx.doi.org/10.1111/odi.12711. PMid:28686335.

15.	Kim MH, Kim H. The roles of glutamine in the intestine and its implication in intestinal diseases. Int J Mol Sci. 2017 May;18(5):1051. http://
dx.doi.org/10.3390/ijms18051051. PMid:28498331.

16.	Fernandes MI, Gaio EJ, Oppermann RV, Rados PV, Rosing CK. Comparison of histometric and morphometric analyses of bone height 
in ligature-induced periodontitis in rats. Braz Oral Res. 2007 Jul-Sep;21(3):216-21. http://dx.doi.org/10.1590/S1806-83242007000300005. 
PMid:17710286.

17.	Tao KM, Li XQ, Yang LQ, Yu WF, Lu ZJ, Sun YM, et al. Glutamine supplementation for critically ill adults. Cochrane Database Syst Rev. 
2014 Sep;(9):CD010050. http://dx.doi.org/10.1002/14651858.CD010050.pub2. PMid:25199493.

18.	Altman BJ, Stine ZE, Dang CV. From Krebs to clinic: glutamine metabolism to cancer therapy. Nat Rev Cancer. 2016 Nov;16(11):749. http://
dx.doi.org/10.1038/nrc.2016.114. PMid:28704361.

19.	Oballe HJ, Gaio EJ, Spuldaro T, Cavagni J, Gomez R, Rösing CK. Effects of alcohol and/or tobacco exposure on spontaneous alveolar bone 
loss in rat. Braz Dent J. 2014;25(3):197-202. http://dx.doi.org/10.1590/0103-6440201300036. PMid:25252253.

20.	Nascimento GG, Leite FR, Correa MB, Peres MA, Demarco FF. Does periodontal treatment have an effect on clinical and immunological 
parameters of periodontal disease in obese subjects? A systematic review and meta-analysis. Clin Oral Investig. 2016 May;20(4):639-47. 
http://dx.doi.org/10.1007/s00784-015-1678-y. PMid:26620732.

21.	Porto AN, Borges AH, Semenoff-Segundo A, Semenoff TA, Pedro FLM, Bandeca MC, et al. Lipid profile parameters under influence of 
periodontitis associated with chronic stress: an animal model study. J Int Oral Health. 2013 Aug;5(4):8-14. PMid:24155613.

22.	Ozdemir H, Kara MI, Erciyas K, Ozer H, Ay S. Preventive effects of thymoquinone in a rat periodontitis model: a morphometric and 
histopathological study. J Periodontal Res. 2012 Feb;47(1):74-80. http://dx.doi.org/10.1111/j.1600-0765.2011.01406.x. PMid:21992581.

23.	Simch RP, Gaio EJ, Rösing CK. Effect of body weight in the pathogenesis of ligature-induced periodontal disease in Wistar rats. Acta Odontol 
Scand. 2008 Jun;66(3):130-4. http://dx.doi.org/10.1080/00016350802004672. PMid:18568470.

24.	Yağan A, Kesim S, Liman N. Effect of low-dose doxycycline on serum oxidative status, gingival antioxidant levels, and alveolar bone loss in 
experimental periodontitis in rats. J Periodontol. 2014 Mar;85(3):478-89. http://dx.doi.org/10.1902/jop.2013.130138. PMid:23786405.

25.	Liu Z, Liu Y, Song Y, Zhang X, Wang S, Wang Z. Systemic oxidative stress biomarkers in chronic periodontitis: a meta-analysis. Dis Markers. 
2014;2014:1. http://dx.doi.org/10.1155/2014/931083. PMid:25477703.

CONFLICTS OF INTERESTS

The authors declare no conflicts of interest.

*CORRESPONDING AUTHOR

Natalino Francisco da Silva, Programa de Pós-graduação Stricto Sensu em Biociência Animal, UNIC – Universidade de Cuiabá, 
Avenida Manoel José de Arruda, 3100, Jardim Europa, 78065-900 Cuiabá - MT, Brasil, e-mail: natalino.biologo@hotmail.com

Received: April 3, 2018 
Accepted: April 13, 2018

https://doi.org/10.3389/fphys.2017.00189
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28408887&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28408887&dopt=Abstract
https://doi.org/10.1093/ajcn/75.5.789
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11976152&dopt=Abstract
https://doi.org/10.1111/odi.12711
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28686335&dopt=Abstract
https://doi.org/10.3390/ijms18051051
https://doi.org/10.3390/ijms18051051
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28498331&dopt=Abstract
https://doi.org/10.1590/S1806-83242007000300005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17710286&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17710286&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25199493&dopt=Abstract
https://doi.org/10.1038/nrc.2016.114
https://doi.org/10.1038/nrc.2016.114
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28704361&dopt=Abstract
https://doi.org/10.1590/0103-6440201300036
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25252253&dopt=Abstract
https://doi.org/10.1007/s00784-015-1678-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26620732&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24155613&dopt=Abstract
https://doi.org/10.1111/j.1600-0765.2011.01406.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21992581&dopt=Abstract
https://doi.org/10.1080/00016350802004672
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18568470&dopt=Abstract
https://doi.org/10.1902/jop.2013.130138
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23786405&dopt=Abstract
https://doi.org/10.1155/2014/931083
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25477703&dopt=Abstract

