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Abstract
Aim: To evaluate the impact of the presence and treatment of periodontal disease 
(PD) and apical periodontitis (AP) on the aorta and liver of obese and non- obese rats.
Methodology: One hundred and forty Wistar rats were divided into two groups, ac-
cording to the diet administered: normal diet (- n), without obesity; and cafeteria diet 
(- c), with induced obesity. These groups were divided into seven subgroups accord-
ing to the specific experimental protocols: naïve control (NC); AP; AP with treatment 
(APt); PD; PE with treatment (PDt); AP and PD (APPD); and AP and PD with treat-
ment (APPDt). AP and PD lesions were induced for four weeks. Four weeks after 
treatments, the animals were euthanatized, and the aorta and liver were dissected 
for histological evaluation. For the comparison of the thickness of the aorta between 
groups, the Kruskal– Wallis test was used, followed by the Mann– Whitney test. For 
the analysis of other variables related to the aorta and liver outcomes, logistic regres-
sion was carried out.
Results: Both PD and AP were associated with the development of histological alter-
ations in the aortic arch, with no significant difference between obese and non- obese 
animals (p = .17). The aorta thickness was increased significantly (p < .05) with the 
combination of PD and AP in obese rats (APPDt- c group) compared with the other 
groups (NC- n, APt- n, APt- c and AP- c). The logistic regression models revealed that 
the untreated (OR = 7.78; 95%CI = 2.4– 25) and treated (OR = 2.9; 95%CI = 1.0– 8.4) 
groups were significantly more likely to have endothelial alterations compared with 
the control groups (p = .002). Obesity (OR = 16.5; 95%CI = 3.4– 81.3) was the only 
predictor variable of liver steatosis (p < .001).
Conclusion: Histological alterations in the aortic arch of obese and non- obese rats 
were observed in the presence of periodontal disease and apical periodontitis. The 
combination of PD and AP increased the aorta thickness in obese rats. A reduction of 
vascular endothelial lesions was observed with the treatments of PD and AP.
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INTRODUCTION

Obesity is a contemporary public health problem, whose 
prevalence has increased sixfold in the last 40 years (World 
Health Organization, 2021). It is associated with several 
additional health problems, including increased risk of 
insulin resistance, type 2 diabetes, liver steatosis, degen-
erative disorders, dementia, airway disease, some cancers 
and atherosclerosis (Ozcan et al., 2004; Semenkovich, 
2006). Epidemiological evidence has linked obesity to a 
broad spectrum of cardiovascular diseases (CVD) includ-
ing coronary heart disease, heart failure, hypertension, 
stroke, atrial fibrillation and sudden cardiac death Koliak 
et al., 2019).

Atherosclerotic CVD remains the major cause of global 
deaths (World Health Organization, 2017). Atherosclerosis 
is a chronic inflammatory process which affects the me-
dium and large size blood vessels in the entire cardiovas-
cular system (Davis, 2005; Libby et al., 2002). Obesity has 
an important role in atherosclerosis and coronary artery 
disease. Both obesity and atherosclerosis are considered 
chronic inflammatory conditions, in which the activation 
of nonspecific and adaptive immune processes is present 
(Rocha & Libby, 2009).

Considering the inflammatory nature of obesity, it 
has also been associated with chronic oral inflammatory 
diseases (Arboleda et al., 2019; Prpić et al., 2012). Data 
indicate that increased body mass index, waist circum-
ference, percentage of subcutaneous body fat and serum 
lipid levels are associated with increased risk to present 
periodontal disease (PD) (Dahiya et al., 2012). The biolog-
ical plausibility of this association involves adipose tissue- 
derived cytokines, which contributes to the development 
of a low- grade systemic inflammation (Arboleda et al., 
2019).

Chronic oral inflammatory diseases, such as PD and 
apical periodontitis (AP), have been suggested as potential 
risk factors for the occurrence of CVDs (Jakovljevic et al., 
2020; Mattila et al., 1989). This association has been sup-
ported by a number of biologically plausible mechanisms, 
including direct infection and systemic inflammation 
(Carrizales- Sepúlveda et al., 2018; Cullinan & Seymour, 
2013; Gomes et al., 2013; Hegde & Awan, 2019). The in-
crease of systemic inflammatory mediators seems to be 
the key to explain the connection between all the above- 
mentioned pathologies.

Previous studies (Fischer et al., 2020; Piconi et al., 
2009) reported that the treatment of PD might limit the 
inflammation, reduce endothelial dysfunction and nor-
malize the intima- media thickness of the carotid arteries. 
However, it should be highlighted that one of those studies 
(Piconi et al., 2009) did not include a control group, which 
is an important methodological limitation. Moreover, 

the evidence regarding the systemic repercussions of AP 
is limited (Chauhan et al., 2019; Jakovljevic et al., 2020). 
One recent clinical study (Bergandi et al., 2019) suggested 
that AP may drive early vascular endothelial dysfunction 
and that root canal treatment ameliorated the vascular 
outcome.

NAFLD (Non- alcoholic fatty liver disease) is another 
condition that has been linked to PD (Alakhali et al., 
2018). NAFLD represents a spectrum of liver diseases 
ranging from simple steatosis to non- alcoholic steatohep-
atitis (Neuschwander- Tetri & Caldwell, 2003). The known 
risk factors for NAFLD include obesity, diabetes, insulin 
resistance, oxidative stress and inflammation (Marchesini 
et al., 2003). The mechanism by which PD may affect the 
liver is not fully elucidated, and there is a lack of pro-
spective clinical studies in the field (Grønkjær, 2015). 
Considering that PD and AP share the same chronic 
inflammatory nature (Kerekes & Olsen, 1990; Li et al., 
2014; Rupf et al., 2000), the relationship between AP and 
NAFLD should be further studied.

A position statement of the American Heart 
Association concluded that there is no evidence of a 
causal relationship between PD and CVD but acknowl-
edged an association between these diseases (Lockhart 
et al., 2012). The observed associations may occur due to 
a large number of shared risk factors, as well as genetic 
predispositions. Causality is assessed especially by the ef-
fect of the treatment of the exposure on the reduction in 
the frequency of the outcome (Hill, 1965). In this sense, 
experimental studies in animal models allow a com-
parison between treated and untreated groups, whilst 
confounding factors are better controlled. Therefore, 
considering the inherent ethical and methodological bar-
riers of interventional clinical trials to analyse the impact 
of oral diseases and their treatments on histological pa-
rameters of remote organs, the present study aimed to 
evaluate the impact of the presence and treatments of PD 
and AP on the aorta and liver of obese and non- obese 
Wistar rats.

METHODS

This study was approved by the Ethics Committee on 
the Use of Animals (CEUA) of the Pontifical Catholic 
University of Rio Grande do Sul (Nº. 7863). The manu-
script of this animal study has been written according 
to the Preferred Reporting Items for Animal studies in 
Endodontology (PRIASE) 2021 guidelines (Nagendrababu 
et al., 2021). Figure 1 describes the key stages of the study. 
One hundred and forty male Wistar rats of three- month- 
old, weighing 250– 300  g, were used. The animals were 
housed under standard and controlled conditions of 
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temperature (22 ± 2ºC), light (12- h light- dark cycle) and 
humidity (50%– 70%), in ventilated cages, with autoclaved 
wood chip bedding.

The sample size calculation was performed based on 
the results of a previous study (Cintra et al., 2014), con-
sidering the mean and standard deviations of serum IL- 
17  levels in Wistar rats with AP+PD (2.08  ±  0.58) and 
without oral lesions (1.00 ± 0.99), with α = 5% and 90% 
power, resulting in 7 animals per group. Estimating a pos-
sible loss of 20%, a sample of 10 animals per group was 
used.

Induction of obesity– Normal diet and 
cafeteria diet

The 140 rats were randomly divided into two large groups, 
differentiated by the administered diet. In the standard 
diet group, it was provided a standard commercial chow 
and filtered water ad libitum. In the other group, obesity 
was induced by the administration of hyperlipidic and hy-
percaloric diet, adapted from a diet known as the Cafeteria 
Diet (Miesel et al., 2010; Sampey et al., 2011). Thus, the 
high- fat diet consisted of processed foods such as sausage, 
stuffed biscuits, crackers, condensed milk, chips and soda 
in addition to the standard commercial chow as previ-
ously reported (Cavagni et al., 2016). All feed and water 
offered to the animals were quantified prior to the daily 
consumption of each cage (Table S1).

The Cafeteria Diet groups were administered for a pe-
riod of 12 weeks prior to the experimental procedures, ac-
cording to pre- established protocols (Cavagni et al., 2016). 
Weighing was measured using an electronic scale (Prix 
3 Light Benchtop Battery), and an increase of ≈18% in 
weight of the cafeteria diet group compared with the stan-
dard diet group was considered as a possible induction of 
obesity (Svensson et al., 1996).

Experimental groups

The animals of both the normal diet and the cafeteria diet 
groups were then divided into seven subgroups, with 10 
animals in each experimental group (Table 1).

Induction of oral lesions– PD and AP

All experimental procedures were performed under an-
aesthesia by intraperitoneal injection of a combination 
of xylazine (10 mg/kg) and ketamine (90 mg/kg). PD was 
induced by ligature placement in the mandibular first mo-
lars of rats. A silk thread (4– 0) was placed with the sup-
port of two needle clamps in the interproximal spaces and 
a knot was placed on the buccal surface, remaining for a 
period of four weeks, according to procedures previously 

F I G U R E  1  PRIASE 2021 Flowchart. NC: naïve control; AP: 
Apical periodontitis; PD: Periodontal disease; APPD: Apical 
periodontitis +Periodontal disease; t: treated group
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described (Galvão et al., 2003; Vargas- Sanchez et al., 
2020). The presence and correct position of the ligature 
were verified weekly by clinical examination until the end 
of the study.

AP was induced by pulp exposure in the mesial fossa of 
the maxillary first molars, according to procedures previ-
ously described (Jara et al., 2018). The teeth were left ex-
posed to the oral environment for a period of four weeks 
(Kakehashi et al., 1965).

Treatment of oral lesions– PD and AP

The treatments were carried out in three groups of nor-
mal diet (APt- n, PDt- n, APPDt- n) and three groups of the 
cafeteria diet (APt- c, PDt- c, APPDt- c). The AP- n, PD- n, 
APPD- n, AP- c, PD- c and APPD- c groups remained un-
treated, acting as positive controls (Table 1).

Four weeks after PD induction, the ligatures were re-
moved, and periodontal treatment was performed by 
mechanical instrumentation with scraping and root plan-
ing on all surfaces of the selected tooth. Adapted Gracey 
curette, model mini- five, from series 11– 12 and 13– 14 
(Hu- Friedy, Chicago, IL, USA) were used, according to 
pre- established protocols (Fernandes et al., 2010).

Four weeks after AP induction, the extraction of in-
jured teeth was performed. Using an exploratory probe 
(Golgran), the epithelial tissue was separated from the 
tooth, and later with the alveolotome (Golgran), the dis-
location movement was performed until extraction of the 
piece, followed by gentle socket curettage. The haemosta-
sis of the lesion was done with the help of saline- soaked 
gauze. The treatments groups had a follow- up period of 
4 weeks; then, euthanasia was performed.

Sample processing and histological analysis

The euthanasia was performed by the intracardiac punc-
ture technique (Hadie & Abdul, 2013), blood samples 

were collected for another study, and periapical and peri-
odontal status were checked with control radiographs. In 
the AP groups, the radiographic limits of periapical le-
sions were observed. In PD groups, periodontal bone sup-
port was analysed as described by Pontes Andersen et al., 
(2006).

A midline incision was made in the thoracic region. 
The aorta and liver were dissected and fixed in 10% forma-
lin saline for 48 hours. Tissues were processed routinely 
and included in paraffin. The aorta arch was dissected 
and three- sectional cuts of 5 μm thickness were prepared 
per slide and then coloured with HE. The stained sections 
were examined with a microscope and digital photomi-
crographs (100×– 200× magnification). All the histological 
analyses were performed by a calibrated and blinded ex-
aminer (CMJP).

The thickness of the aortic wall was measured histo-
logically using 100× magnification and Image J program 
(Version of image Tools 3.0; University of Texas Health 
Science Centre at San Antonio). The mean value of three 
portions of the histological image (one medium and two 
lateral measurements) was calculated. The intima and 
media tunica were included on the measurements.

The endothelial alterations were also evaluated. After 
going through the entire section of the slide (100× and 
200×), a representative image was selected and evaluated 
considering the presence or absence of cell alterations on 
the tunica intima and media according to previously re-
ported histological criteria (Zhang et al., 2016).

To assess the prevalence of liver steatosis, three portions 
of each sample were obtained, each portion corresponding 
to the –  section six and seven –  section one and four, and 
–  section two and three of the liver. With a 200× magnifica-
tion, two images were obtained per portion, with a total of 
six images per slide. Subsequently, the steatosis was evalu-
ated according to the presence or absence of lipid vacuoles, 
according to previously reported histological parameters 
(Zhang et al., 2016). Some samples of liver were lost during 
processing, and five samples from each experimental and 
control group were evaluated in the liver analysis.

T A B L E  1  Distribution of the experimental groups

Oral conditions

Naïve 
control AP AP treated PD PD treated AP and PD

AP and 
PD treated

Systemic 
condition

Normal Diet NC- n AP- n APt- n PD- n PDt- n APPD- n APPDt- n

n = 10 n = 10 n = 10 n = 10 n = 10 n = 10 n = 10

Cafeteria Diet NC- c AP- c APt- c PD- c PDt- c APPD- c APPDt- c

n = 10 n = 10 n = 10 n = 10 n = 10 n = 10 n = 10

Abbreviations: AP, Apical periodontitis; APPD, Apical periodontitis +Periodontal disease group; - c, cafeteria diet; - n, normal diet; NC, naïve control; PD, 
Periodontal disease; t, treated group.
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Statistical analysis

To determine the normality of the data, Shapiro– Wilk 
tests were performed. For the analysis of the thickness of 
the aorta, the Kruskal– Wallis test was used followed by 
the Mann– Whitney test. For dichotomous analysis of the 
aorta and liver condition, logistic regression was used. 
Pairwise comparison (Tukey's least significant difference) 
was conducted if a significant difference was found. The 
statistical package SPSS version 25 (SPSS Statistics; IBM) 
was used for all analyses, with a significance level of 5%.

RESULTS

From the original sample of 140 animals, 6 rats were lost 
during the experiment. Thus, the final sample in the af-
fected groups was as follows: APt- n (n = 8), PDt- n (n = 8), 
PD- n (n = 9) and NC- c (n = 9). All other groups consisted 
of 10 animals for the final analysis.

The mean final weight of rats with normal diet was 
548.04  ±  47.48  g, whilst in the cafeteria diet, it was 
673.71 ± 86.09 g. This difference was >18%, which con-
firmed the induction of obesity (Svensson et al., 1996). In 
the cafeteria diet group, after the induction of oral lesions, 
there was a small weight loss in some animals. Between 
weeks 12 and 13, the mean reduction was 9.2 ± 7.1 g. On 
the other hand, in the normal diet group, a mean reduc-
tion of 11  ±  5.4  g was reported. All weight loss was re-
gained in the following weeks.

The aortic arch thickness

The aorta thickness was significantly increased (p < .05) 
in the APPDt- c group compared with other four groups: 
NC- n, APt- n, APt- c and AP- c (Figure 2).

Histological alteration of the aortic arch

The logistic regression model on the association between 
exposure variables (obesity; oral lesions PD, AP and 
combined APPD; treatment of oral lesions) and the out-
come (histologic endothelial alterations) was significant 
(p = .002). Amongst the independent variables, obesity did 
not significantly influence the vascular outcome (p = .174). 
Moreover, the untreated (OR=7.78; 95%CI = 2.4– 25) and 
treated (OR = 2.9; 95%CI = 1.0– 8.4) groups were signifi-
cantly more likely to have endothelial cells alterations 
compared with the control groups (p = .002).

In addition to the statistical analysis and for illustration 
purposes, the various types of histological alterations in 
the aortic arch were described in detail (Figure 3). Diverse 
initial pathologic conditions were observed in the aorta, 
and the most frequent were endothelial cell detachment 
(Figure 3C) and smoothing of the vascular wall (Figure 
3B), compared with the normal endothelium (Figure 3A).

Some samples showed more obvious alterations, in 
which the tunica intima and media were affected. In some 
cases, the almost total detachment of the endothelium 
could be observed with the consequent infiltration of 

F I G U R E  2  Aorta Thickness measured in millimetres (±SD). NC: naïve control; AP: Apical periodontitis; PD: Periodontal disease; 
APPD: Apical periodontitis +Periodontal disease; t: treated group
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monocytes and macrophages (foam cells). In other sam-
ples, cellular hypertrophy and hyperplasia with muscular 
disorganization could be noticed. Finally, in a few isolated 
cases, the total disorganization of the tunica intima and 
media could be observed (Figure 4). A representative his-
tological image of each of the fourteen groups is shown in 
Figure 5.

Liver steatosis

The Figure 6 illustrates the histological findings in the 
liver. The logistic regression model on the association 

between exposure variables (obesity; oral lesions PD, 
AP and combined APPD; treatment of oral lesions) and 
the outcome (histological liver alterations) was statisti-
cally significant (p  <  .001). Amongst the predictor vari-
ables, only obesity was statistically significant (OR = 16.5; 
95%CI  =  3.4– 81.3). Noteworthy, despite no significant 
differences were found, the only two groups with normal 
diet that presented steatosis were the APPD groups with 
and without treatment (Figure 7).

DISCUSSION

This novel study evaluated the impact of the presence and 
treatments of PD and AP on histological parameters of 
the aorta and liver of obese and non- obese rats. The main 
findings revealed that the presence of oral lesions nega-
tively influenced the histological condition of the aortic 
arch, resulting in an early vascular endothelial dysfunc-
tion. Of note, the treatment of the oral lesions resulted in 
decreased risk to the endothelial alterations.

The level of evidence for an association between 
PD and atherosclerosis is greater and more extensive 
(Kapellas et al., 2014; López et al., 2012; Zeng et al., 2016), 
compared with the evidence on the association between 
AP and atherosclerosis. Even though many findings re-
port an association between endodontic variables and 
systemic outcomes, the moderate– low quality of the pub-
lications and the lack of prospective experimental stud-
ies challenge the establishment of a causal relationship 
(Berlin- Broner et al., 2017). Moreover, the existence of an 
association does not imply causation. Two variables can 
be statistically related to each other without either vari-
able directly affecting the values of the other (Segura- Egea 
et al., 2019). Following the causality criteria reported by 
Hill (1965), experimental and prospective studies are nec-
essary in order to evaluate the effect of the treatment on 
the outcome. In view of the complexity in performing a 
randomized clinical interventional study, different re-
search using animal models have been developed to un-
derstand the potential mechanism for the linkage between 
oral diseases and atherosclerosis (Conti et al., 2020; Zhang 
et al., 2016). Therefore, one of the strengths of this study is 
its experimental nature that allows inferences to be made 
about the repercussions of ‘treating or not treating’ oral 
diseases. The use of an animal model also allows a more 
detailed and invasive analysis of the tissues and organs in-
volved, and in this case allowed the evaluation of the aorta 
and the liver by histological methods.

One methodological aspect that should be highlighted 
is the model used for atherosclerosis induction in the 
present study. The atherosclerosis model in rats has lim-
itations. Generally, rats respond poorly to a cholesterol 

F I G U R E  3  Photomicrography of aortic arch sections. (A) 
–  Normal aortic arch showing tunica intima faces the lumen and 
endothelial cells present (arrowhead), with the wavy corrugated 
endothelium (long arrow). (B) –  Endothelium with incipient 
lesion showing the almost total absence of endothelial cells and 
the loss of endothelial wavy (arrowhead). (C) –  Endothelium  
with incipient lesion showing detachment of cells (arrowheads) 
(HE ×200)
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diet, so atherogenesis can only be induced in small quan-
tity with diets rich in cholesterol and fats (Navarro et al., 
2005). Rats are classified as an HDL mammal, because, un-
like humans, these lipoproteins predominate in its plasma 
(Chapman, 1986). In addition, the cholesterol ester trans-
fer protein, which plays an important role in human lipo-
protein profiles, is absent in the rat (Santos- Gallego et al., 
2013). These main differences are the reason why, despite 
a hyperlipidic and hypercaloric diet were provided, the 
rats developed only abnormalities of an apparently initial 
stage or prior to atherosclerosis. For example, in Figure 
4- C, the hypertrophy and hyperplasia of the tunica media 
protruding towards the lumen were observed, a fact that 
in the human aorta could already correspond to the for-
mation of the atheromatous plaque.

There is no literature about the influence of age on 
the development of atherosclerosis in rats. However, fol-
lowing the parameters that predispose humans to CVD 
(Criqui et al., 2010), it is suggested that for future stud-
ies using Wistar rats, these animals should be more than 
6 months old, considering that they have an average lifes-
pan of 2 years.

Another methodological point that must be debated 
is the control and standardization of the exposure time 
(4 weeks) to periodontal and endodontic infections for the 
comparison between untreated and treated groups. The 
untreated groups were euthanized four weeks after induc-
tion of the oral lesions, and the treated groups were euth-
anized four weeks after the AP and PD treatments, which 
necessarily resulted in a difference of four weeks in the age 
of the untreated and treated animals. This age difference 
is likely to be a less important factor compared with the 
standardization of the exposure time to the periodontal 

and endodontic infections. If the untreated groups had 
lived exactly the same time as the treated groups, the time 
of exposure to the oral lesions would be overestimated, bi-
asing the comparison with the groups in which the inju-
ries had already been treated/eliminated. According to the 
classic experimental model of AP in rats (Kakehashi et al., 
1965; Yu & Stashenko, 1987), the lesion expands rapidly 
between day 7 and day 15– 20, with a slower expansion 
thereafter. Also, as occurs in humans, anaerobic bacteria 
gradually increase in parallel with the chronicity of the le-
sion, as well as the expressions of different inflammatory 
mediators (Stashenko et al., 1994). Considering the clear 
difference between the two periods of AP progression, it 
was decided to standardize the exposure time to the oral 
lesions, allowing similar microbial and inflammatory con-
ditions for the comparison between untreated and treated 
groups. The present methodological approach allows a 
fair estimate of the effect of the oral treatments, compar-
ing it with groups that reflect the pre- treatment AP and 
PD conditions.

The surgical protocol for the treatment of AP was ap-
plied in view of the infeasibility of root canal treatment 
(RCT) of all roots in rats. A pilot study was previously car-
ried out, and it was observed that due to the anatomical 
complexity of the first molars of rats, RCT could be per-
formed correctly only in the mesial root, leaving the other 
roots untreated. Therefore, it was decided to carry out the 
extraction of the tooth, to eliminate the infection focus re-
lated to AP. Considering that tooth extraction is an inva-
sive surgical procedure, that lead to an acute exacerbated 
inflammation (Graziani et al., 2017), it may have had a 
more aggressive impact on the results, compared with a 
conventional RCT. It is possible to infer that non- surgical 

F I G U R E  4  Photomicrography 
of the aortic arch showing alterations 
in the tunica intima and media. (A) –  
Endothelial detachment and adhesions 
of red blood cells to the surface of the 
intima (arrowhead). Vacuolated cells in 
the sub- endothelial layer (foam cell) (long 
arrow). (B)–  Endothelial detachment 
(arrowhead). (C) –  Increase of vascular 
tone and muscular disorganization (in 
circle). (D) –  Disorganization of the elastic 
fibres and smooth muscle of the tunica 
intima and media (HE ×200)
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RCT could have improved even more the outcome in rela-
tion to tooth extraction.

Despite the methodological limitations reported 
above, the results obtained in this study were revealing 
with respect to the existing relationship between oral 
diseases and obesity- related outcomes, and the ben-
efit provided by the treatment of AP and PD, which is 
in agreement with evidence raised by other studies 
(Bergandi et al., 2019; Chauhan et al., 2019; Piconi et al., 
2009). Noteworthy, the present study seems to be the first 
to evaluate the impact of the treatment of oral lesions 
on the aorta and liver through histological analysis. In 
this sense, one study (Zhang et al., 2016) evaluated his-
tologically the association of these organs with respect 
to oral lesions; however, treatments were not performed. 
The authors of that study reported that AP elevated 

inflammatory markers levels, causing reversible changes 
in the aortic arch, myocardium and spleen as well as ir-
reversible changes in the liver. An important aspect to 
highlight is that, compared with the endothelial alter-
ations (inflammatory infiltrate) found by Zhang et al., 
(2016), a more noticeable alteration was observed in the 
samples obtained in the present research; a complete en-
dothelial detachment, presence of foam cells, red blood 
cell adhesion to the endothelium and disorganization of 
muscle cells are some of the observed results. Another 
study (Conti et al., 2020) evaluated the relationship be-
tween AP and atherosclerosis. The authors concluded 
that AP influenced triglyceride levels, increasing it even 
in the absence of atherosclerosis, and influenced the in-
crease in the thickness of the carotid artery intima tunic 
in the presence of atherosclerosis. Regarding the thick-
ness of the aorta, in the present study it could be noted 
that neither the diet nor the presence of oral pathology 
had a significant impact on the results. However, the dif-
ferences observed were found only with respect to one 
group, the APPD- treated group from the cafeteria diet. It 
could be deduced that the overlap of inflammatory pro-
cesses, produced by obesity, the previous presence of a 
combined lesion (AP + PD), and with a treatment carried 
out in a probable healing period, led to an increase in the 
thickness of the tunica intima and media of the aorta. For 
future studies, a longer post- operative period time for the 
evaluation is suggested, of at least 8- weeks, instead of the 
4 weeks used in the present study.

With respect to the liver, one of the major problems 
presented was the difficulty for the histological processing 
of the sample. Only five samples from each group were 
viable for evaluation, differently from the aorta where 
no samples were lost. Therefore, the sample size could 
be affected, having an impact on the statistically non- 
significant results.

The cafeteria diet effectively induced obesity and ste-
atosis in rats, as previously reported (de Melo et al., 2018; 
Maeda Júnior et al., 2018). On the other hand, the pres-
ent study differs from others reporting an association of 
PD and steatosis (Komazaki et al., 2017; Nakahara et al., 
2018). However, the presence of steatosis observed in all 
groups of the cafeteria diet and in two groups of the nor-
mal diet (APPD treated and untreated) suggests that the 
cafeteria diet was not imperative to observe manifestations 
in the liver. The possible mechanisms that link oral infec-
tions to the liver steatosis should be further investigated 
and may be related to the fact that oral infections alter the 
gut microbiota, causing abnormalities in the downregu-
lation of fatty acid degradation (Komazaki et al., 2017). 
Tavares et al., (2019) provided evidence that AP can have 
systemic impacts on metabolic disorders, likely by modu-
lating intestinal metabolism and microbiota. The authors 

F I G U R E  5  The histological representative images of each 
experimental group (HE ×200). Note that the most evident 
alterations were found in groups where oral lesion was induced 
and combined. NC: naïve control; AP: Apical periodontitis; PD: 
Periodontal disease; APPD: Apical periodontitis +Periodontal 
disease; t: treated group
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report that AP induction led to dysbiosis, indicated by a 
significant reduction of faecal A. muciniphila expression, 
bacteria present in the intestinal microbiota, and is in-
versely correlated with the presence of obesity, diabetes, 
cardiometabolic diseases and chronic inflammation.

Findings from the present study emphasize the asso-
ciation between oral diseases and CVD and reinforce the 

importance of integrating oral health into primary care by 
providing patient education and developing referral net-
works to support collaborative practice between general 
practitioners and dentists. The prevention and treatment 
of oral diseases must be done from both local and sys-
temic perspectives. Research efforts need to be increased 
to expand knowledge about systemic molecular activities 

F I G U R E  6  Histopathological 
changes in the liver. (A) –  Normal liver. 
(B/C) –  Presence of hepatocyte steatosis 
(arrows). (d) –  Presence of steatosis with 
disorganization of hepatocyte trabeculae 
(circle)

F I G U R E  7  Prevalence of steatosis in the different experimental groups of obese and non- obese rats. NC: naïve control; AP: Apical 
periodontitis; PD: Periodontal disease; APPD: Apical periodontitis +Periodontal disease; t: treated group
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involving metabolic syndromes and the correlation be-
tween oral health and the systemic repercussions through 
well- delineated experimental animal and human studies.

CONCLUSION

Histological alterations in the aortic arch of obese and 
non- obese rats were observed in the presence of periodon-
tal disease and apical periodontitis. Obesity was associ-
ated with liver steatosis. The combination of PD and AP 
increased the aorta thickness in obese rats. A reduction of 
vascular endothelial lesions was observed with the treat-
ments of PD and AP.

ETHICAL STATEMENT

Authors affirm that this is an original work, which has not 
been previously published elsewhere. Furthermore, the 
paper reflects the authors’ research and analysis wholly 
and truthfully. All sources used are appropriately dis-
closed and cited. We also affirm that authors have been 
personally and actively involved in substantial word lead-
ing to the paper and will take public responsibility for its 
content.

ACKNOWLEDGEMENTS
We thank Dr. Maria Teresa Ayala (National University of 
Asunción -  School of Medicine) for her collaboration in 
the interpretation of the histological images and Raquel 
Dal Sasso Freitas, nutritionist at the Toxicology and 
Pharmacology Research Center –  ECSV –  PUCRS for the 
contribution with the diet’s caloric calculations.

CONFLICT OF INTEREST
The authors have stated explicitly that there are no con-
flicts of interest in connection with this article.

AUTHOR CONTRIBUTION
All authors contributed to the development of this origi-
nal research. In addition, all authors read, revised, and 
approved the manuscript. The authors Cynthia Mireya 
Jara, Karina Kimiko Yamashina Pereira and Maximiliano 
Schünke Gomes also contributed to the original study de-
sign and performed the animal experiments. The authors 
Cynthia Mireya Jara, Karina Kimiko Yamashina Pereira 
and Fábio Luiz Dal Moro Maito contributed to the histo-
logical processing and histological analysis. The authors 
Carlos Gabriel Adorno and Maximiliano Schünke Gomes 
contributed to the statistical analysis. All authors contrib-
uted to the interpretation of data and preparation of text 
and manuscript.

ORCID
Cynthia Mireya Jara   https://orcid.
org/0000-0002-7345-1529 
Fábio Luiz Dal Moro Maito   https://orcid.
org/0000-0001-8716-9578 
Carlos Gabriel Adorno   https://orcid.
org/0000-0002-7118-2361 
Maximiliano Schünke Gomes   https://orcid.
org/0000-0002-0394-5400 

REFERENCES
Alakhali, M.S., Al- Maweri, S.A., Al- Shamiri, H.M., Al- Haddad, K. 

& Halboub, E. (2018) The potential association between peri-
odontitis and non- alcoholic fatty liver disease: a systematic re-
view. Clinical Oral Investigation, 22, 2965– 2974.

Arboleda, S., Vargas, M., Losada, S. & Pinto, A. (2019) Review of obe-
sity and periodontitis: an epidemiological view. British Dental 
Journal, 227, 235– 239.

Bergandi, L., Giuggia, B., Alovisi, M., Comba, A., Silvagno, F., Maule, 
M. et al. (2019) Endothelial dysfunction marker variation in 
young adults with chronic apical periodontitis before and after 
endodontic treatment. Journal of Endodontics, 45, 500– 506.

Berlin- Broner, Y., Febbraio, M. & Levin, L. (2017) Association be-
tween apical periodontitis and cardiovascular diseases: a sys-
tematic review of the literature. International Endodontic 
Journal, 50, 847– 859.

Carrizales- Sepúlveda, E.F., Ordaz- Farías, A., Vera- Pineda, R. & 
Flores- Ramírez, R. (2018) Periodontal disease, systemic inflam-
mation and the risk of cardiovascular disease. Heart, Lung and 
Circulation, 27, 1327– 1334.

Cavagni, J., de Macedo, I.C., Gaio, E.J., Souza, A., de Molon, R.S., 
Cirelli, J.A. et al. (2016) Obesity and hyperlipidemia modulate 
alveolar bone loss in wistar rats. Journal of Periodontology, 87, 
9– 17.

Chapman, M.J. (1986) Comparative analysis of mammalian plasma 
lipoproteins. Methods in Enzymology, 128, 70– 143.

Chauhan, N., Mittal, S., Tewari, S., Sen, J. & Laller, K. (2019) 
Association of apical periodontitis with cardiovascular dis-
ease via noninvasive assessment of endothelial function 
and subclinical atherosclerosis. Journal of Endodontics, 45, 
681– 690.

Cintra, L.T.A., Samuel, R.O., Azuma, M.M., Ribeiro, C.P., Narciso, 
L.G., de Lima, V.M.F. et al. (2014) Apical periodontitis and 
periodontal disease increase serum IL- 17 levels in normo-
glycemic and diabetic rats. Clinical Oral Investigation, 18, 
2123– 2128.

Conti, L.C., Segura- Egea, J.J., Cardoso, C.B.M., Benetti, F., Azuma, 
M.M., Oliveira, P.H.C. et al. (2020) Relationship between apical 
periodontitis and atherosclerosis in rats: lipid profile and histo-
logical study. International Endodontic Journal, 53, 1387– 1397.

Criqui, M.H., Kamineni, A., Allison, M.A., Ix, J.H., Carr, J.J., 
Cushman, M. et al. (2010) Risk factor differences for aortic ver-
sus coronary calcified atherosclerosis: the multiethnic study 
of atherosclerosis. Arteriosclerosis, Thrombosis, and Vascular 
Biology, 30, 2289– 2296.

Cullinan, M.P. & Seymour, G.J. (2013) Periodontal disease and sys-
temic illness: will the evidence ever be enough? Periodontology 
2000, 62, 271– 286.

https://orcid.org/0000-0002-7345-1529
https://orcid.org/0000-0002-7345-1529
https://orcid.org/0000-0002-7345-1529
https://orcid.org/0000-0001-8716-9578
https://orcid.org/0000-0001-8716-9578
https://orcid.org/0000-0001-8716-9578
https://orcid.org/0000-0002-7118-2361
https://orcid.org/0000-0002-7118-2361
https://orcid.org/0000-0002-7118-2361
https://orcid.org/0000-0002-0394-5400
https://orcid.org/0000-0002-0394-5400
https://orcid.org/0000-0002-0394-5400


2084 |   
IMPACT OF ENDODONTIC AND PERIODONTAL DISEASES AND TREATMENTS ON THE AORTA AND 

LIVER OF OBESE AND NON- OBESE RATS

Dahiya, P., Kamal, R. & Gupta, R. (2012) Obesity, periodontal and 
general health: relationship and management. Indian Journal 
of Endocrinology and Metabolism, 16, 88– 93.

Davis, N.E. (2005) Atherosclerosis– an inflammatory process. Journal 
of Insurance Medicine, 37, 72– 75.

de Melo, A.F., Moreira, C.C.L., Sales, C.F., Rentz, T., Raposo, H.F., 
Garófalo, M.A.R. et al. (2018) Increase in liver cytosolic lipases 
activities and VLDL- TAG secretion rate do not prevent the non- 
alcoholic fatty liver disease in cafeteria diet- fed rats. Biochimie, 
150, 16– 22.

Fernandes, L.A., Martins, T.M., Almeida, J.M.D., Nagata, M.J.H., 
Theodoro, L.H., Garcia, V.G. & et al. (2010) Experimental peri-
odontal disease treatment by subgingival irrigation with tetra-
cycline hydrochloride in rats. Journal of Applied Oral Science, 
18, 635– 640.

Fischer, R.G., Lira Junior, R., Retamal- Valdes, B., Figueiredo, L.C.d., 
Malheiros, Z., Stewart, B. & et al. (2020) Periodontal disease 
and its impact on general health in Latin America. Section V: 
treatment of periodontitis. Brazilian Oral Research, 34, 26.

Galvão, M.P., Chapper, A., Rösing, C.K., Ferreir, M.B. & de Souza, 
M.A. (2003) Methodological considerations on descriptive 
studies of induced periodontal diseases in rats. Pesquisa 
Odontológica Brasileira, 17, 56– 62.

Gomes, M.S., Blattner, T.C., Sant'Ana Filho, M., Grecca, F.S., Hugo, 
F.N., Fouad, A.F. & et al. (2013) Can apical periodontitis modify 
systemic levels of inflammatory markers? A systematic review 
and meta- analysis. Journal of Endodontics, 39, 1205– 1217.

Graziani, F., D’Aiuto, F., Gennai, S., Petrini, M., Nisi, M., Cirigliano, 
N. et al. (2017) Systemic inflammation after Third Molar 
Removal: a Case- Control Study. Journal of Dental Research, 96, 
1505– 1512.

Grønkjær, L.L. (2015) Periodontal disease and liver cirrhosis: a sys-
tematic review. SAGE Open Medicine, 3, 2050312115601122.

Hadie, S.N.H. & Abdul, M.H. (2013) Thyroid gland resection in eu-
nthanised rat: a Practical Guide. International Medical Journal 
(1994), 20, 102.

Hegde, R. & Awan, K.H. (2019) Effects of periodontal disease on sys-
temic health. Disease- a- month, 65, 185– 192.

Hill, A.B. (1965) The environment and disease: association or causation? 
Proceedings of the Royal Society of Medicine, 58, 295– 300.

Jakovljevic, A., Duncan, H.F., Nagendrababu, V., Jacimovic, J., 
Milasin, J. & Dummer, P.M.H. (2020) Association between car-
diovascular diseases and apical periodontitis: an umbrella re-
view. International Endodontic Journal, 53, 1374– 1386.

Jara, C.M., Hartmann, R.C., Böttche, D.E., Souza, T.S., Gomes, 
M.S. & Figueiredo, J.A.P. (2018) Influence of apical enlarge-
ment on the repair of apical periodontitis in rats. International 
Endodontic Journal, 51, 1261– 1270.

Kakehashi, S., Stanley, H.R. & Fitzgerald, R.J. (1965) The effects 
of surgical exposures of dental pulps in germ- free and con-
ventional laboratory rats. Oral Surgery, Oral Medicine, Oral 
Pathology, 20, 340– 349.

Kapellas, K., Maple- Brown, L.J., Jamieson, L.M., Do, L.G., 
O’Dea, K., Brown, A. et al. (2014) Effect of periodontal ther-
apy on arterial structure and function among aboriginal 
australians: a randomized, controlled trial. Hypertension, 
64, 702– 708.

Kerekes, K. & Olsen, I. (1990) Similarities in the microfloras of root 
canals and deep periodontal pockets. Endodontics & Dental 
Traumatology, 6, 1– 5.

Koliak, C., Liatis, S. & Kokkino, A. (2019) Obesity and cardiovas-
cular disease: revisiting an old relationship. Metabolism, 92, 
98– 107.

Komazaki, R., Katagiri, S., Takahashi, H., Maekawa, S., Shiba, T., 
Takeuchi, Y. et al. (2017) Periodontal pathogenic bacteria, 
Aggregatibacter actinomycetemcomitans affect non- alcoholic 
fatty liver disease by altering gut microbiota and glucose me-
tabolism. Scientific Reports, 7, 13950.

Li, H., Guan, R., Sun, J. & Hou, B. (2014) Bacteria community study 
of combined periodontal- endodontic lesions using denaturing 
gradient gel electrophoresis and sequencing analysis. Journal 
of Periodontology, 85, 1442– 1449.

Libby, P., Ridker, P.M. & Maseri, A. (2002) Inflammation and athero-
sclerosis. Circulation, 105, 1135– 1143.

Lockhart, P.B., Bolger, A.F., Papapanou, P.N., Osinbowale, O., 
Trevisan, M., Levison, M.E. et al. (2012) American Heart 
Association Rheumatic Fever, Endocarditis, and Kawasaki 
Disease Committee of the Council on Cardiovascular Disease 
in the Young, Council on Epidemiology and Prevention, 
Council on Peripheral Vascular Disease, and Council on 
Clinical Cardiology. Periodontal disease and atherosclerotic 
vascular disease: does the evidence support an independent 
association?: a scientific statement from the American Heart 
Association. Circulation, 125, 2520– 2544.

López, N.J., Quintero, A., Casanova, P.A., Ibieta, C.I., Baelum, V. 
& López, R. (2012) Effects of periodontal therapy on systemic 
markers of inflammation in patients with metabolic syndrome: 
a controlled clinical trial. Journal of Periodontology, 83, 267– 278.

Maeda Júnior, A., Constantin, J., Utsunomiya, K., Gilglioni, E., 
Gasparin, F., Carreño, F. et al. (2018) Cafeteria diet feeding in 
young rats leads to hepatic steatosis and increased gluconeo-
genesis under fatty acids and glucagon influence. Nutrients, 
10(11), 1571.

Marchesini, G., Bugianesi, E., Forlani, G., Cerrelli, F., Lenzi, M., 
Manini, R. et al. (2003) Nonalcoholic fatty liver, steatohepatitis, 
and the metabolic syndrome. Hepatology, 37, 917– 923.

Mattila, K.j., Nieminen, M.s., Valtonen, V.v., Rasi, V.p., Kesaniemi, 
Y.a., Syrjala, S.l. et al. (1989) Association between dental health 
and acute myocardial infarction. British Medical Journal, 298, 
779– 781.

Miesel, A., Müller, H., Thermann, M., Heidbreder, M., Dominiak, P. & 
Raasch, W. (2010) Overfeeding- induced obesity in spontaneously 
hypertensive rats: an animal model of the human metabolic syn-
drome. Annals of Nutrition and Metabolism, 56, 127– 142.

Nagendrababu, V., Kishen, A., Murray, P.e., Nekoofar, M.h., 
Figueiredo, J.a.p., Priya, E. et al. (2021) PRIASE 2021 guidelines 
for reporting animal studies in endodontology: a consensus- 
based development. International Endodontic Journal, 54, 
848– 857.

Nakahara, T., Hyogo, H., Ono, A., Nagaoki, Y., Kawaoka, T., Miki, 
D. et al. (2018) Involvement of porphyromonas gingivalis in 
the progression of non- alcoholic fatty liver disease. Journal of 
Gastroenterology, 53, 269– 280.

Navarro, M.a., Arbonés, J.m., Acín, S., Carnicer, R., Sarría, A.j., 
Surra, J.c. et al. (2005) Animales de experimentación utilizados 
como modelos en la investigación de la arteriosclerosis. Clínica 
e Investigación en Arteriosclerosis, 17, 82– 93.

Neuschwander- Tetri, B.A. & Caldwell, S.H. (2003) Nonalcoholic ste-
atohepatitis: summary of an AASLD Single Topic Conference. 
Hepatology, 37, 1202– 1219.



   | 2085JARA ET AL.

Ozcan, U., Cao, Q., Yilmaz, E., Lee, A.H., Iwakoshi, N.N., Ozdelen, 
E. et al. (2004) Endoplasmic reticulum stress links obesity, insu-
lin action, and type 2 diabetes. Science, 306, 457– 461.

Piconi, S., Trabattoni, D., Luraghi, C., Perilli, E., Borelli, M., Pacei, 
M. et al. (2009) Treatment of periodontal disease results in 
improvements in endothelial dysfunction and reduction 
of the carotid intima- media thickness. FASEB Journal, 23, 
1196– 1204.

Pontes Andersen, C.C., Buschard, K., Flyvbjerg, A., Stoltze, K. & 
Holmstrup, P. (2006) Periodontitis deteriorates metabolic 
control in type 2 diabetic Goto- Kakizaki rats. Journal of 
Periodontology, 77(3), 350– 356.

Prpić, J., Kuis, D. & Pezelj- Ribarić, S. (2012) Obesity and oral health– is 
there an association? Collegium Antropologicum, 36, 755– 759.

Rocha, V.Z. & Libby, P. (2009) Obesity, inflammation, and athero-
sclerosis. Nature Reviews Cardiology, 6, 399– 409.

Rupf, S., Kannengiesser, S., Merte, K., Pfister, W., Sigusch, B. & 
Eschrich, K. (2000) Comparison of profiles of key periodontal 
pathogens in periodontium and endodontium. Endodontics & 
Dental Traumatology, 16, 269– 275.

Sampey, B.P., Vanhoose, A.M., Winfield, H.M., Freemerman, A.J., 
Muehlbauer, M.J., Fueger, P.T. et al. (2011) Cafeteria diet is a 
robust model of human metabolic syndrome with liver and ad-
ipose inflammation: comparison to high- fat diet. Obesity (Silver 
Spring), 19, 1109– 1117.

Santos- Gallego, C.G., Badimon, J.J. & Ibáñez, B. (2013) Modelos ex-
perimentales de aterosclerosis. Revista Española de Cardiología, 
13, 3– 12.

Segura- Egea, J.J., Cabanillas- Balsera, D., Jiménez- Sánchez, M.C. & 
Martín- González, J. (2019) Endodontics and diabetes: associ-
ation versus causation. International Endodontic Journal, 52, 
790– 802.

Semenkovich, C.F. (2006) Insulin resistance and atherosclerosis. 
Journal of Clinical Investigation, 116, 1813– 1822.

Stashenko, P., Wang, C.Y., Tani- Ishii, N. & Yu, S.M. (1994) 
Pathogenesis of induced rat periapical lesions. Oral Surgery, 
Oral Medicine, Oral Pathology, 78, 494– 502.

Svensson, A.M., Hellerström, C. & Jansson, L. (1996) Diet- induced 
obesity and pancreatic islet blood flow in the rat: a preferen-
tial increase in islet blood perfusion persists after withdrawal 
of the diet and normalization of body weight. Journal of 
Endocrinology, 151, 507– 511.

Tavares, C.O., Rost, F.L., Silva, R.B.M., Dagnino, A.P., Adami, B., 
Schirmer, H. et al. (2019) Cross talk between apical periodonti-
tis and metabolic disorders: experimental evidence on the role 
of intestinal adipokines and akkermansia muciniphila. Journal 
of Endodontics, 45, 174– 180.

Vargas- Sanchez, P.K., Pitol, D.L., Sousa, L.G., Beloti, M.M., Rosa, 
A.L., Rossi, A.C. et al. (2020) Green tea extract rich in epigal-
locatechin gallate impairs alveolar bone loss in ovariectomized 
rats with experimental periodontal disease. International 
Journal of Experimental Pathology, 101, 277– 288.

World Health Organization (2017) Cardiovascular diseases (CVDs) 
[WWW Document]. https://www.who.int/news- room/fact- 
sheet s/detai l/cardi ovasc ular- disea ses- (cvds)accessed 1.27.21.

World Health Organization (2021) Obesity and over overweight 
[WWW Document]. https://www.who.int/news- room/fact- 
sheet s/detai l/obesi ty- and- overw eight accessed 7.26.21 .

Yu, S.M. & Stashenko, P. (1987) Identification of inflammatory cells 
in developing rat periapical lesions. Journal of Endodontics, 13, 
535– 540.

Zeng, X.- T., Leng, W.- D., Lam, Y.- Y., Yan, B.P., Wei, X.- M., Weng, H. 
& et al. (2016) Periodontal disease and carotid atherosclerosis: 
a meta- analysis of 17,330 participants. International Journal of 
Cardiology, 203, 1044– 1051.

Zhang, J., Huang, X., Lu, B., Zhang, C. & Cai, Z. (2016) Can apical 
periodontitis affect serum levels of CRP, IL- 2, and IL- 6 as well 
as induce pathological changes in remote organs? Clinical Oral 
Investigation, 20, 1617– 1624.

SUPPORTING INFORMATION
Additional supporting information may be found online 
in the Supporting Information section.

How to cite this article: Jara, C.M., Pereira, K.K.Y., 
Maito, F.L.D.M., Adorno, C.G. & Gomes, M.S. (2021) 
Impact of endodontic and periodontal diseases and 
treatments on the aorta and liver of obese and 
non- obese rats. International Endodontic Journal, 54, 
2074– 2085. https://doi.org/10.1111/iej.13601

https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)accessed
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)accessed
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweightaccessed
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweightaccessed
https://doi.org/10.1111/iej.13601

