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Abstract

Introduction: The inflammatory process caused by periodontitis is 
associated with systemic repercussions and other non-communicable 
chronic diseases, including cardiovascular diseases. Objective: To 
conduct a systematic review on cardiac tissue alterations in animals 
with experimental periodontitis following the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (Prisma) guidelines. 
Material and methods: The systematic literature search employed 
PubMed, SciELO, Medline, Lilacs, and Scopus databases. Experimental 
studies using animal models of experimental periodontitis that 
evaluated cardiac tissue were deemed eligible. The search strategy 
yielded 1548 articles, from which 13 experimental studies were 
selected based on the defined inclusion and exclusion criteria. They 
were then qualitatively analyzed and tabulated. Study quality was 
assessed using the Systematic Review Center for Laboratory Animal 
Experimentation (Syrcle) risk of bias tool for animal studies. Results: 
Studies showed cardiac tissue alterations induced by experimental 
periodontitis in animals, potentially leading to various pathological 
processes in the heart, characterized by elevated levels of oxidative 
stress biomarkers in cardiac tissue, increased serum levels of tumor 
necrosis factor-alpha (TNF-α), IL-1β, IL-10, and C-reactive protein (CRP), 
and histological changes in cardiac tissue. Conclusion: This review 
provides evidence regarding cardiac tissue alterations in animals with 
experimental periodontitis, suggesting that changes in cardiac tissue 
may occur in animals with this inflammatory condition; however, 
we found that the literature is limited. Therefore, further studies 
are necessary to validate and elucidate the mechanisms linking 
cardiovascular diseases to periodontitis.
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Introduction

Periodontit is is a multifactorial chronic 
inflammatory disease associated with dysbiotic 
biofilm. It is characterized by the progressive 
destruction of tooth-supporting tissues. If untreated, 
it can lead to tooth loss [7]. More than 50% of 
the global population suffers from periodontitis. 
Its severe form ranks as the sixth most prevalent 
disease worldwide, affecting approximately 743 
million people, or 11% of the human population 
[38]. The prevalence of periodontitis begins in late 
adolescence and peaks around the age of 55. Men 
and women are equally affected [42].

In addition to its local effects, periodontitis is 
associated with systemic changes and is considered 
a public health issue [19]. There is a well-established 
relationship between periodontal inflammation 
and systemic alterations such as cardiovascular 
diseases (CVDs) [31, 34], diabetes mellitus [13], 
Alzheimer’s disease [26], chronic kidney disease 
[9], among others. One possible explanation for 
this association is that periodontitis generates 
low-grade inflammation, which may facilitate the 
development of other comorbidities [14]. Additionally, 
periodontitis is part of the non-communicable 
chronic diseases (NCDs) group. According to the 
Pan American Health Organization/World Health 
Organization, such diseases are the leading causes of 
death globally, with an estimated 31% of all deaths 
attributed to cardiovascular diseases alone [30].

The current scientific consensus is that chronic 
inf lammatory diseases can induce a state of 
systemic inflammation, thereby increasing the risk 
of CVDs [23]. Recent studies show that the harmful 
effects of periodontitis are not limited to the oral 
cavity, but can also affect the entire organism [32]. 
Periodontitis is associated with systemic diseases 
such as CVDs, diabetes, and osteoporosis [41]. 
Some studies in the current literature already 
consider them as risk factors for CVDs, diabetes, 
and respiratory infections [35].

Preclinical studies demonstrate degenerative 
changes induced by periodontitis in the cardiac 
tissue of animals. Periodontitis acts as a chronic 
source of stress for cardiomyocytes, which may 
prompt myocardial inflammation, thus leading 
to cardiovascular dysfunction in the long term 
[21, 23, 25, 29, 36]. It is believed that systemic 
inf lammation associated with the microbiota 
present in periodontal disease may contribute to 
the development of endothelial dysfunction [36].

However, the mechanism linking periodontitis 
to cardiac tissue remains unclear. Thus, this study 

aims to conduct a systematic review to evaluate 
cardiac tissue changes in animals with induced 
periodontitis.

Material and methods

A systematic review was conducted following the 
standards established by the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(Prisma) up to February 2024. The protocol 
was registered in Prospero (registration number 
CRD42022346153).

Focused question

The research question was formulated using 
the PICOT format – Population: animals with 
experimentally induced periodontitis; Intervention: 
methods for inducing experimental periodontitis in 
animals; Control: animals without periodontitis; 
Outcome of interest: changes in cardiac tissue of 
animals with experimental periodontitis; Study 
type: in vivo animal study. The resulting question 
was: “What are the alterations in the cardiac tissue 
of animals subjected to experimental periodontitis 
induction?”.

Eligibility criteria

Only in vivo studies with experimentally induced 
periodontitis using animal models that analyzed 
cardiac tissue were considered eligible for this 
study. Studies published in languages other than 
English, Spanish, or Portuguese were excluded. 
Reviews, clinical trials in humans, and studies not 
addressing periodontitis and cardiac tissue were 
excluded. Studies that addressed periodontal disease 
but did not induce bone loss in their experimental 
models and/or lacked a control group were also 
excluded.

Search strategies

The search strategy was developed using the 
terms/keywords “Periodontitis” and “cardiovascular 
diseases” combined with the “AND” operator. The 
terms were chosen from the MeSH/DeCS1 Thesaurus 
(supplementary table I). The search was conducted in 
the following databases: PubMed, SciELO, Medline, 
Lilacs, and Scopus, up to January 2024 (January 
31, 2024). Alerts were set in the databases to 
identify studies published after the search date, up 
to February 2024. In addition to these databases, 
gray literature references were consulted.

1 DeCS (Health Sciences Descriptors): a controlled vocabulary by Bireme/PAHO/WHO for standardizing descriptors in the indexing 
of scientific articles in health, similar to MeSH.
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Study selection process

References from the consulted databases were 
aggregated and exported to the Rayyan® software, 
where duplicates were first identified and removed, 
as described in the PRISMA flow diagram (figure 
1). The screening process consisted of two phases: 
initially, articles that contained the search strategy 
terms identified in MeSH/DeCS explicitly present in 
their title or abstract underwent title and abstract 
screening using the eligibility confirmation process. 
This initial phase was conducted by two independent 
reviewers (CRF and RTM), who classified studies 
as included/excluded. Those classified as irrefutable 
or questionable were re-evaluated by a third 
reviewer (GIK) for consensus. Articles classified 
as included proceeded to the second phase, in 
which the texts were fully read to confirm their 
eligibility (supplementary table II). Studies meeting 
all eligibility criteria were included and used for 
data extraction.

Data extraction

Data was extracted using a standardized 
Excel spreadsheet. From the included articles, 

the following data was extracted: author; year 
of publication; title; publication venue (journal); 
reference (DOI/PMID); study objective; animal 
model; experimental periodontitis model; duration 
of experimental periodontitis induction; sample 
size and comparison groups; variables analyzed; 
cardiac tissue outcomes (primary outcome of 
interest); other results; and conclusions. The 
collected information was organized into tables 
(table I and supplementary table II).

Risk of bias assessment

The methodological quality of ev idence 
wa s  a ssessed  us i ng  t he  Sy rc le  tool  for 
animal studies, recommended by Cochrane, 
t o  e v a l u a t e  b i a s  r i s k  ( t a b l e  I ) .  T h i s  
assessment was conducted by two reviewers (CRF, 
GIK). For each bias domain, studies were classified 
as presenting a low, unclear, or high risk of bias. 
Discrepancies were discussed with a third reviewer 
for consensus (RTM). No studies were excluded 
based on the risk of bias.

Table I – Risk of bias assessment
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Results

Figure 1 depicts 1548 articles identified through electronic searches using keywords and additional 
filters (799 from Medline; 538 from PubMed; 91 from Lilacs; 84 from Scopus; and 36 from SciELO). 
Following the removal of duplicates and/or triplicates (n = 212), 1336 studies underwent title and 
abstract screening. 1258 studies were subsequently excluded, predominantly due to the wrong publication 
type (n = 1016) and the absence of cardiac tissue evaluation and/or periodontal disease induction (n 
= 242). A subsequent thorough examination of the remaining 59 publications’ full text, excluded 46 
studies. Finally, the 13 remaining studies were included in this review and deemed suitable for data 
extraction (figure 1).

Figure 1 – Prisma 2020 flowchart of search results

Study characteristics 

The main characteristics of the studies were summarized and tabulated according to the following 
parameters, established by authors CRF and RTM: author/year of publication, animal model, experimental 
periodontitis model, induction time, comparison groups, methods of cardiac tissue analysis, and cardiac 
tissue results (outcome of interest) (table II).
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Table II – Summary of study characteristics included

Author/
year

Animal 
model

Experimental 
periodontitis 

model

Follow-up 
time Comparison groups

Methods of 
cardiac tissue 

analysis
Results

Xiang et 
al. [40]

Rats Ligation of 
upper second 

molars followed 
by bi-daily 
application 

of a bacterial 
mixture 

(Porphyromo-
nas gingivalis 

[Pg] and 
Aggregatibacter 
actinomycetem-
comitans [Aa]) 
for 2 weeks.

4 weeks Control group (n=7) 

Periodontitis group 
(n=7)

In vivo 
electrophysiological 

measurement; 
immunohis-

tochemistry (RGS1 
expression); 

histology 
(Hematoxylin-Eosin 
[HE] and Masson’s 

Trichrome [TM] 
staining); Western 

blotting.

• RGS1 expression 
was significantly 

higher in the 
periodontitis group 

compared to the 
control.

• Histology 
revealed extensive 

inflammatory 
cell infiltration 
in atrial tissues 

(HE staining) and 
fibrous deposits in 
the periodontitis 
group (Masson’s 

trichrome).

Elhaieg 
et al. 
[10]

Rats Ligation of the 
mandibular 
first molar.

5 weeks Sham-operated 
group (Control 

group; n=8) 

Experimentally 
induced periodontitis 

group (IP; n=8)

Histological 
staining with 

Hematoxylin-Eosin 
(HE).

• The sham 
group exhibited 

normal myocardial 
structure.

• The periodontitis 
group showed 

significant 
histopathological 

alterations, 
including myocyte 

degeneration, 
disorganized 
arrangement, 

and absence of 
nucleation, along 
with increased 

interstitial tissue 
and inflammatory 
infiltration around 

arterioles.

To be continued...
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Author/
year

Animal 
model

Experimental 
periodontitis 

model

Follow-up 
time Comparison groups

Methods of 
cardiac tissue 

analysis
Results

Chen et 
al. [8]

Rats Ligation of the 
maxillary first 

molar and 
application of 

bacterial liquid 
locally.

4 weeks Control group (Con 
group; n=8)

Type I diabetes 
mellitus* group (DM 

group; n=8)
Periodontitis group 

(PD group; n=8)
Type I diabetes 
mellitus* with 

periodontitis group 
(DM + PD group; 

n=8)
Artesunate 10 mg/
kg treatment group 

[DM* + PD + ART** 
(10 mg/kg); n=8]

Artesunate 30 mg/
kg treatment group 

[DM* + PD + ART** 
(30 mg/kg); n=8]

Artesunate 60 mg/
kg treatment group 

[DM* + PD + ART** 
(60 mg/kg); n=8]

* Type I diabetes mellitus 
established by a single 

intraperitoneal injection of 
streptozotocin 60 mg/kg

** Artesunate: ART

Histological 
staining (HE, 

Masson, Sirius 
red, TUNEL), 

immuno-
histochemistry 
(NF-κB, P38 

MAPK, TGF-β, 
SMAD2, MMP9), 
quantitative RT-
qPCR (NF-κB, 
ICAM-1, P38 

MAPK, TGF-β, 
MMP9).

• Cardiac changes 
in DM and DM + 

PD groups: edema, 
cell degeneration, 
and disordered 

interstitial fibers.
Significant apoptosis 

in cardiomyocytes 
in DM and DM + 

PD groups (TUNEL 
assay).

• Higher expression 
of NF-κB, p38 
MAPK, TGF-β, 
SMAD2, and 
MMP9 in DM 
and DM + PD 

groups, indicating 
inflammation, 
fibrosis, and 

apoptosis compared 
to the control.

• Elevated mRNA 
expression of NF-
κB, p38 MAPK, 

TGF-β, and MMP9 
in the DM + PD 

group.
Heart weights 

in DM and DM 
+ PD groups 

were significantly 
reduced.

Ribeiro 
et al. 
[32]

Rats Bilateral 
ligation of the 
mandibular 
first molar.

15 days Spontaneously 
hypertensive 

group (SHR) with 
periodontal disease 
(SHR+PD; n= 5-7).

SHR without 
periodontal disease 

(SHR+Sham; 
n = 5-7).
WKY with 

periodontal disease 
(WKY + PD; 

n= 6-10).
WKY rats without 

periodontal disease 
(WKY + Sham; 

n = 6-7).

Measurement of 
myocardial IL-1β 

concentration.

Experimental 
periodontitis 

increased 
myocardial IL-1β 

concentrations only 
in the SHR + PD 

group. A significant 
positive relationship 

was observed 
between mandibular 
bone loss, plasma 
nitrate (indirect 
measurement of 
nitric oxide), and 
myocardial IL-1β.

Continuation of table II

To be continued...
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Author/
year

Animal 
model

Experimental 
periodontitis 

model

Follow-up 
time Comparison groups

Methods of 
cardiac tissue 

analysis
Results

Yiğit et 
al. [44]

Rats Ligation of the 
upper second 

molars

14 days Control group 
(C;n=8)

Periodontitis group 
(P; n=10)

Periodontitis 
+ caffeic acid 

phenethyl ester* 
(CAPE) group 

(PC;n=10)

* Administered at a dose 
of 10 μmol/kg/day via 

intraperitoneal injection 
for 14 days

Determining the 
levels of MDA, 

GSH, and GSH-
Px evaluated in 
cardiac tissue.

No significant 
differences in MDA 

levels were observed 
between groups C 
and P, with group 

P showing the 
highest levels. MDA 
levels returned to 

baseline after CAPE 
administration. 

Cardiac GSH and 
GSH-Px levels 

were significantly 
lower in group P 

compared to C and 
P + CAPE. CAPE 
treatment restored 
antioxidant levels.

Kocaman 
et al. 
[21]

Rats Ligation on the 
right upper 

second molars

30 days Control group (n=10)

Periodontitis group 
(PD; n=10)

Periodontitis + 
crocin* group 
(PD+Cr; n=10)

* Received 100 mg/kg/
day of oral crocin after 

ligation removal

Measurement 
of MDA levels 

in tissues; 
Measurement 

of tissue 
glutathione levels; 

Measurement 
of tissue 

SOD activity; 
Measurement of 

CAT tissue activity; 
Measurement 
of total tissue 
oxidant status; 
Measurement 
of total tissue 

antioxidant 
status; Tissue 
histopathology.

Periodontitis (PD) 
induced significant 

increases in 
TOS levels and 
reductions in 

antioxidant activity 
(GSH, SOD, CAT) 
in cardiac tissue 

compared to 
control and PD + 
crocin groups. No 
significant changes 
were observed in 

MDA levels between 
PD and control 
groups. Crocin 

treatment (PD + 
Cr) reduced MDA 
and TOS levels 
while enhancing 

antioxidant activity. 
Histological 

damage in the PD 
group included 
disorganized 

cardiomyocytes, 
hyalinization, 

vacuolization, and 
nuclear pyknosis, 

with a total damage 
score of 12. Crocin 

significantly reduced 
these damage 

parameters in the 
PD + Cr group.

Continuation of table II

To be continued...
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Author/
year

Animal 
model

Experimental 
periodontitis 

model

Follow-up 
time Comparison groups

Methods of 
cardiac tissue 

analysis
Results

Köse et 
al. [25]

Rats Bilateral 
ligation of the 
mandibular 
first molar

5 weeks Group control (n=8)

Experimental 
periodontitis group 

(EP; n=8)

Experimental 
periodontitis group 

with melatonin* 
treatment (Ep+Mel; 

n=8).

*Melatonin administered 
intraperitoneally (10 

mg/body weight) for 14 
consecutive days after 

ligature removal.

Ventricular 
tissue analysis of 
malonyl aldehyde 
(MDA), glutathione 
(GSH), superoxide 

dismutation 
(SOD), catalase 
(CAT), matrix 

metalloproteinase-9 
(MMP-9) and 

cardiac troponin-T 
(cTnT)

In the Ep group, 
the MDA level was 
significantly higher, 

and the levels of 
GSH, SOD, and CAT 
were slightly higher 

compared to the 
control group. MMP-

9 and cTnT levels 
were higher in the 

Ep group compared 
to the control group. 
Melatonin caused a 
significant decrease 

in MDA, MMP-9, 
and cTnT levels 

compared to the Ep 
group. Melatonin 

did not cause 
significant changes 

in tissue antioxidant 
parameters (GSH, 

SOD, and CAT) 
compared to the 
control and Ep 

groups.

Köse et 
al. [23]

Rats Bilateral 
ligation of the 

first molar

5 weeks Control group (no 
ligature; n=9)

Experimental 
periodontitis group 

(EP; n=9)

Histopathological 
analysis (triple 

Mallory staining 
modified from 

Crossman): 
Evaluation of 
inflammatory 

activity, cellular 
changes, 

cardiomyocyte 
cross-sectional 

area, and myocyte 
nuclear volume.
Immunohisto-

chemical analysis: 
NF-κB-p65 and 

β-MHC expression, 
cell density, and 

positive cell 
counts.

Cardiac tissue 
in the EP group 

demonstrated 
significant 

histopathological 
alterations, 

including cellular 
degeneration, 

collagen 
accumulation, 

inflammatory cell 
infiltration around 
arterioles, capillary 
endothelial changes, 

and perivascular 
fibrosis. NF-κB-

positive cell counts 
were significantly 
higher in the EP 

group, and β-MHC 
positivity was more 
intense compared 

to the control 
group, indicating 

heightened 
inflammatory 
and molecular 

stress responses. 
Although the cross-

sectional area of 
cardiomyocytes 

showed significant 
differences between 
groups, the volume 
of cardiomyocyte 

nuclei was not 
significantly altered.

Continuation of table II

To be continued...



86 – RSBO. 2026 Jan-Jun;23(1):78-95
Finger et al. – Heart tissue alterations in animal models of periodontitis – a systematic literature review

Author/
year

Animal 
model

Experimental 
periodontitis 

model

Follow-up 
time Comparison groups

Methods of 
cardiac tissue 

analysis
Results

Köse et 
al. [24]

Rats Bilateral 
ligation of the 
mandibular 
first molar.

5 weeks Control group (no 
ligature;n= 10)

Experimental 
periodontitis group 

(EP; n=10)

Evaluation of left 
ventricular tissue 

levels of 8-hydroxy-
2’-deoxyguanosine 

(8-OHdG), 
malondialdehyde 

(MDA), glutathione 
peroxidase (GSH-
Px), total oxidant 
status (TOS), and 
total antioxidant 

status (TAS).

Markers of oxidative 
stress, including 
MDA, 8-OHdG, 
and oxidative 

stress index (TOS/
TAS ratio), were 

significantly 
elevated in the EP 
group compared to 
controls, indicating 
increased oxidative 
damage. However, 

antioxidant 
markers (GSH-

Px, TAS) did not 
show statistically 

significant 
differences between 

the groups.

Özdem 
et al. 
[29]

Rats Ligation of the 
upper second 

molars

4 weeks Healthy + saline 
(Hs, n = 7)

Healthy + 
melatonin* 

(Hm, n = 7) 

Periodontitis + 
saline (Ps, n = 8)  

Periodontitis + 
melatonin* 

(Pm, n = 8). 

* The melatonin was 
applied intraperitone-ally 
(10 mg/kg) every day for 

2 weeks

Measurement of 
malondialdehyde 

(MDA), superoxide 
dismutase (SOD), 
and glutathione 

peroxidase (GSH-
Px) levels in 

cardiac tissues.

SOD levels were 
similar between 

groups, while MDA 
in the Ps group 
was higher than 
in the Hs group. 

Furthermore, 
GSH-Px levels were 

higher and MDA 
levels were lower in 
Hm rats compared 
to Hs rats. The Pm 

group had lower 
MDA levels and 
higher GSH-Px 

levels compared to 
the P group.

Tomofuji 
et al. 
[36]

Rats Topical 
application 
of bacterial 
pathogens 
[25 μg/μL 

Escherichia 
coli (E. coli) 
lipopolysac-

charide (LPS) 
and 2.25 U/

μLStreptomy-
ces griseus 
proteases]. 

LPS (0.5 μL × 
3 times) and 
proteases (0.5 
μL × 3 times) 
or pyrogen-free 
water (0.5 μL × 
6 times) were 

introduced 
daily into 

the gingival 
sulcus of both 

upper first 
molars under 

anesthesia.

4 weeks Periodontal 
inflammation* group 

(n=6); Received 
bacterial pathogens 

topically

Control group** 
(n=6); Received 

pyrogen-free water 
topically

Histopathological 
analysis of cardiac 
tissue (hematoxylin 

and eosin); 
Measurement of 

tissue 8-hydroxy-
2’-deoxyguanosine 

(8-OHdG). 

Mitochondrial 
8-OHdG levels were 
2.01 times higher 
in the periodontal 

inflammation 
group than in the 

control group. 
However, no damage 

or inflammatory 
changes were 

observed in the 
cardiac tissue of 

either group.

Continuation of table II

To be continued...
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Author/
year

Animal 
model

Experimental 
periodontitis 

model

Follow-up 
time Comparison groups

Methods of 
cardiac tissue 

analysis
Results

Herrera 
et al. 
[15]

Rats Ligation of the 
lower right first 

molar

3, 7 and 
14 days

1.Sham groups (no 
ligature):

oSham 3 days (S; 
n=10)

Sham 7 days (S; n 
= 10)

Sham 14 days (S; n 
= 10)

2.Sham + L-NAME 
groups (NO 

synthase inhibitor 
administered):

Sham + L-NAME 3 
days (S + L-NAME; 

n = 10)
Sham + L-NAME 7 
days (S + L-NAME; 

n = 10)
Sham + L-NAME 14 
days (S + L-NAME; 

n = 10)
3.Ligation groups 

(periodontitis-
induced):

Ligation 3 days 
(L; n = 10)

Ligation 7 days 
(L; n = 10)

Ligation 14 days 
(L; n = 10)
4.Ligation + 

L-NAME groups 
(periodontitis + NO 
synthase inhibitor):
Ligation + L-NAME 

3 days (L + 
L-NAME; n = 10)

Ligation + L-NAME 
7 days (L + 

L-NAME; n = 10)
Ligation + L-NAME 

14 days (L + 
L-NAME; n = 10) 

L-NAME treatment: 
Two weeks before 
ligature placement, 
animals received.

L-NAME (200 mg/L 
in drinking water, 
equivalent to ~45-

60 mg/kg/day). 
Treatment continued 

until euthanasia 
at 3, 7, or 14 days 

post-ligation.

TBARS (Thiobarbi-
turate Reactive 
Substances): 
Index of lipid 
peroxidation.
Nitrotyrosine 
protein (NT): 

Marker of protein 
nitration.

Myeloperoxidase 
activity (MPO): 

Marker of 
neutrophil 
infiltration.

Cardiac NT 
content increased 

significantly 7 
days after ligature 

placement in 
normotensive rats. 
L-NAME treatment 

completely abolished 
ligation-induced 

cardiac NT. MPO 
activity was higher 

in the hearts of 
group ligation + 

L-NAME compared 
to the ligation-only 
group on day 3. On 
days 7 and 14 no 

significant changes 
in cardiac MPO 
were observed. 

Ligature-induced 
periodontitis did not 

induce significant 
changes in TBARS. 

No significant 
differences were 
found between 

groups in cardiac 
TBARS on the 7th 
or 14th day after 

ligature placement.

Continuation of table II

To be continued...
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Author/
year

Animal 
model

Experimental 
periodontitis 

model

Follow-up 
time Comparison groups

Methods of 
cardiac tissue 

analysis
Results

Yu et al. 
[45]

Dogs Ligation on 
the second 

premolar of the 
mandible

90 days Control group* 
(n=10)

Periodontitis group* 
(n=12)

* Before the ligation 
procedure and on days 

30, 60, and 90 after 
ligation, a single atrial 
extrastimulation was 

performed in the right 
upper atrium, atrial 

septum (SA), and coronary 
sinus (CS), respectively 
for electrophysiological 
evaluation (to measure 

atrial refractoriness and 
the inducibility of AF)

Histopatho-logical 
analysis of cardiac 

tissues stained 
with hematoxylin 

and eosin.

The atrial effective 
refractory period 
was reduced, and 
atrial fibrillation 

inducibility 
progressively 

increased in the 
periodontitis 

group. The long 
and short-axis 

diameters of atrial 
cardiomyocytes in 
the periodontitis 

group were 
significantly larger 
than those in the 

control group. 
The number of 

inflammatory cells 
in the left atrial 

appendage, atrial 
septum, and right 
atrial appendage 

in the periodontitis 
group was higher 

than in the control 
group. The number 

of inflammatory 
cells in the ventricle 
of the periodontitis 

group was not 
statistically different 

from the control 
tissue. Myolysis 

affected some atrial 
cardiomyocytes 
from dogs with 
periodontitis. In 
the ventricles, 
cardiomyocyte 

hypertrophy and 
myolysis were not 

observed, and 
the inflammatory 
infiltration was 

not as general and 
severe as in the 
atria, therefore it 

was not statistically 
different from the 

control tissue.

Twelve out of the thirteen studies used rats as the animal model, with only one study [45] employing 
dogs. The majority of studies employed ligature-induced experimental periodontitis [8, 10, 15, 21, 23-
25, 29, 32, 40, 44, 45]. Two studies [8, 40] utilized a combination of models; Chen et al. [8] used 
ligature combined with lipopolysaccharide (LPS) application (Porphyromonas gingivalis, Pg, ATCC 
BAA-308TM), while Xiang et al. [40] used ligature followed by bacterial mixture application comprising 
Porphyromonas gingivalis (Pg) and Aggregatibacter actinomycetemcomitans (Aa) on the ligature 

Continuation of table II
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thread. Only one study [36] did not use ligature 
as the primary method for inducing experimental 
periodontitis; instead, bacterial LPS and proteases 
applied to the gingival sulcus were chosen. There 
were also variations in experimental periodontitis 
induction protocols; the longest duration was 90 
days [45], followed by 35 days [10, 23-25], 30 days 
[21], 28 days [8, 36, 40], 15 days [32], 14 days [29, 
44], and 3, 7, and 14 days [15].

Alveolar bone loss analysis

Histomorphometric analysis to assess alveolar 
bone loss was conducted in six studies [21, 23-25, 
36, 44]. Only two studies [8, 25] performed analysis 
using computed microtomography (μCT), allowing 
two- and three-dimensional results. In the other 
studies, data were obtained through morphometric 
analysis [10, 29, 32, 40] radiographic evaluation 
[10, 15, 24, 40], and macroscopic evaluation using 
a calibrated periodontal probe [45] to assess bone 
loss. All studies showed significant alveolar bone 
losses in the experimental periodontitis groups 
compared to the control groups.

Serological analyses 

The inflammatory biomarkers evaluated in each 
study are summarized in table III.

Table III – Inflammatory biomarkers by study

References Inflammatory biomarkers

Chen et al. [8] CRP

Yiğit et al. [44] IL-1β, IL-10, TNF-α
Köse et al. [23] IL-1β, TNF-α, CRP

Tomofuji et al. [36] CRP

Yu et al. [45] CRP, TNF-α

Four studies evaluated C-reactive protein [8, 23, 
36, 45]. Among these, two studies [23, 36] reported 
a significant increase in serum CRP levels due to 
periodontal inflammation. Chen et al. [8] did not 
find a statistically significant difference in serum 
levels between the periodontitis and the control 
groups. However, in Yu et al. [45], which assessed 
four different time points, differences were observed 
only after 60 and 90 days of periodontitis induction; 
similar results were found for serum TNF-α levels.

In the study by Yiğit et al. [44], which induced 
experimental periodontal disease for 14 days, a 
significant increase in serum TNF-α levels was 
evident when compared to the control group, 
while Köse et al. [23], which used an experimental 

periodontal disease induction time of 5 weeks, did 
not find this difference in animals with periodontitis.

When analyzing the inflammatory biomarker 
IL-1β, both studies [23, 44] used the ligature 
model and found significant differences between 
the periodontitis and the control groups. IL-10 
was also significantly elevated in the presence of 
experimental periodontitis [44].

Yiğit et al. [44] analyzed lipid peroxidation levels 
by measuring MDA, GSH, and GSH-Px in serum; 
MDA levels increased, and the activity of basic 
antioxidant enzymes GSH and GSH-Px decreased 
in experimental periodontitis serum compared to 
the control group. Tomofuji et al. [36] evaluated 
serum levels of hexanoyl-lysine (HEL), a biomarker 
for early-stage lipid peroxidation, and found higher 
serum levels in the periodontal inflammation group 
compared to the control group. In the same study, 
serum LPS levels were evaluated, and no difference 
was found between the groups.

Kocaman et al. [21] conducted biochemical 
analyses showing indicators of serum bone 
destruction (C-telopeptide of type I collagen: CTx1; 
bone alkaline phosphatase: b-ALP) and cardiac 
tissue injury (lactate dehydrogenase: LDH and 
creatine kinase myocardial band: CK-MB). Serum 
levels of CTx1 were higher and b-ALP levels were 
lower in the periodontitis group compared to the 
control group. Significant elevations in LDH and 
CK-MB levels were observed in the periodontitis 
group.

Köse et al. [24] assessed the ef fects of 
periodontitis on serum paraoxonase-1 (PON-1) 
activity, which was significantly lower in rats with 
periodontitis compared to the control group.

Only one study [32] measured plasma nitrate 
levels (an indirect measurement of nitric oxide). The 
periodontitis group showed a significant increase in 
plasma nitrate levels in both evaluated rat strains 
(Wistar Kyoto: WKY and spontaneously hypertensive 
rats: SHR) with experimental periodontitis.

In the study by Chen et al. [8], other serological 
analyses were performed, such as terminal blood 
glucose, total cholesterol, high-density lipoprotein 
cholesterol (HDL-C), and low-density lipoprotein 
cholesterol (LDL-C). However, none of those showed 
significant alterations between the control and 
periodontitis groups.

In the study performed by Köse et al. [23], 
lipid profile analysis was conducted, including total 
cholesterol (Tcho), high-density lipoprotein (HDL), 
low-density lipoprotein (LDL), triglycerides, and 
HDL/LDL ratio. Significant differences were found 
in Tcho, LDL, triglycerides, and HDL/LDL.
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Histological analyses of cardiac tissues

Histopathological evaluation was conducted 
in six studies [8, 10, 21, 23, 40, 45]. The primary 
significant histopathological findings observed with 
HE staining included: inflammatory cell infiltration 
[10, 23, 40], histopathological alterations including 
cell degeneration [10, 21, 23], collagen deposition 
[23, 40], and changes in cardiomyocyte diameter 
[45]. In the study conducted by Chen et al. [8], 
various staining techniques, including HE, Masson, 
PSR, and TUNEL (used to identify apoptosis in 
cardiomyocytes), were applied to analyze the cardiac 
tissue of rats that underwent 4 weeks of experimental 
periodontitis induction. The periodontitis group 
did not show significant changes compared to 
the control group in any of the stains performed; 
however, changes were found with the combination 
model of type I diabetes and periodontitis.

Immunohistochemical and immunoenzymatic 
analyses of cardiac tissue

Only three studies [8, 23, 40] performed 
immunohistochemical analyses of cardiac tissue. In 
the study by Köse et al. [23], immunohistochemical 
analyses of nuclear factor kappa B-p65 (NF-
κB-p65) and beta-myosin heavy chain (β-MHC) 
were conducted. The number of cardiomyocytes 
positive for NF-κB-p65 and β-MHC significantly 
increased in the left ventricle tissue samples of 
rats with periodontitis. Chen et al. [8] performed a 
qualitative analysis of the expression of apoptosis 
and inflammatory pathway proteins in myocardial 
tissue through immunohistochemical staining of 
NF-κB, p38 MAPK, TGF-β, Smad2, and MMP9 
to explore the relevant pathway mechanism. The 
periodontitis group showed higher expression levels 
of each protein than the control group, indicating 
that apoptosis, inflammation, and fibrosis occurred 
in the myocardium of the periodontitis group. In 
the same study, quantitative analysis of the gene 
expression of apoptosis and inflammatory pathways 
in myocardial tissue by RT-PCR was also performed. 
The mRNA expression levels of NF-κB, p38 MAPK, 
TGF-β, and MMP9 were significantly increased in the 
periodontitis group compared to the control group 
[8]. Xiang et al. [40] conducted immunohistochemical 
and western blotting analyses, revealing that the 
expression of the regulator of the G-protein signaling 
(RGS1) target gene was significantly higher in the 
periodontitis group compared to the control group.

ELISA (Enzyme-linked Immunosorbent Assay) 
analysis of cardiac tissue showed higher levels of 
matrix metalloproteinase-9 (MMP-9) and cardiac 
troponin-T (cTnT) in the periodontitis group 

compared to the control group [25]. Ribeiro et al. [32] 
demonstrated an increase in cardiac concentrations 
of IL-1β (ELISA) in the periodontitis group.

Analysis of oxidative stress biomarkers in 
cardiac tissue

Six out of the eleven included studies conducted 
oxidative stress biomarkers analysis in cardiac 
tissue [21, 24, 25, 29, 36, 44]. The most commonly 
used biomarkers were malondialdehyde (MDA) 
[21, 24, 25, 29, 44] glutathione (GSH) [21, 25, 44], 
superoxide dismutase (SOD) [21, 25, 29], glutathione 
peroxidase (GSH-Px) [24, 29, 44], catalase (CAT) 
[21, 25], total oxidant status (TOS) [21, 24], total 
antioxidant status (TAS) [21, 24], and 8-hydroxy-
2’-deoxyguanosine (8-OHdG) [24, 36]. Table IV 
summarizes the biomarkers evaluated in each study.

Table IV – Oxidative stress biomarkers by study

References Oxidative stress biomarkers

Kocaman et al. 
[21]

MDA, GSH, SOD, CAT, TOS, 
TAS

Yiğit et al. [44] MDA, GSH, GSH-Px

Köse et al. [25] MDA, GSH, SOD, CAT

Özdem et al. 
[29] MDA, SOD, GSH-Px

Tomofuji et al. 
[36] 8-OHdG

Köse et al. [24] MDA, GSH-Px, TOS, TAS, 
8-OHdG

The level of MDA was significantly higher in the 
periodontitis groups than in the control groups in 
three studies [24, 25, 29]. Two other studies [21, 
44] showed higher MDA levels than the control, 
but the elevation was not significant between the 
groups. Among the studies that evaluated GSH levels 
[21, 25, 44], none showed a significant increase 
compared to the control group. In contrast, Yiğit 
et al. [44] and Kocaman et al. [21] found reduced 
GSH levels compared to the control group. SOD 
levels in cardiac tissues, although increased in the 
study by Kose et al. [25], were not significant; in 
the study by Özdem et al. [29], they were similar 
between the groups. Conversely, in the study by 
Kocaman et al. [21], SOD levels were significantly 
reduced in the cardiac tissue of rats with induced 
periodontitis compared to the control group. 

The GSH-Px biomarker did not show significant 
changes in the studies by Özdem et al. [29] and 
Köse et al. [24], while Yiğit et al. [44] observed 
significantly lower levels in the periodontitis group 
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compared to the control group. In the study by Köse 
et al. [25], CAT tissue levels were slightly increased 
compared to the control group but did not show 
a statistically significant difference. In contrast, 
Kocaman et al. [21] demonstrated that CAT and TAS 
levels were significantly reduced in the periodontitis 
group compared to the control group. In the study 
by Köse et al. [24], these levels were statistically 
higher in animals with periodontitis. TOS levels in 
the periodontitis group were significantly elevated 
compared to the control group [21, 24]. Köse et al. 
[24] determined the oxidative stress index (OSI) 
through the percentage ratio of TOS to TAS, and 
periodontitis caused a significant increase in OSI 
levels. Tomofuji et al. [36] analyzed the levels of 
8-hydroxydeoxyguanosine (8-OHdG) in cardiac 
tissue, and the levels in the periodontitis group 
were 1.40 times higher compared to the control. In 
the study by Köse et al. [24], they were higher in 
the periodontitis group than in the control group.

Risk of bias analysis

When analyzing the ten items for risk of bias 
(table I), all included studies (n=13) presented a low 
risk of bias in three items: “baseline characteristics”, 
“incomplete outcome”, “selective outcome reporting”, 
and “other sources of bias”. However, the topics 
“allocation concealment” (n=12), “blinding” (n=10), 
“random housing” (n=9), “random outcome assessor” 
(n=7), and “blinding outcome assessors” (n=7) 
had the most uncertain risks. Only three studies 
showed uncertain risks in the “sequence generation” 
item. It is worth noting that some studies lacked 
information to judge the domains.

Discussion

This review sought to evaluate the alterations 
in cardiac tissue resulting from periodontitis in 
experimental studies conducted on animal models. 
The studies included in this review used different 
interventions to induce experimental periodontitis 
(ligature alone, ligature + bacteria, bacteria alone) 
and all observed alveolar bone loss.

Among the thirteen included studies, there 
was significant variation in methodology and 
methodological quality, making standardization 
challenging. There are various models for inducing 
experimental periodontitis; however, regardless of 
study design, outcome measures, animal models, 
and type of periodontal disease induction, our 
results indicate that experimental periodontitis is 
associated with changes in cardiac tissue.

Stud ies  t hat  assessed ca rd iac  t i ssue 
histopathologically [8, 10, 21, 23, 40, 45] found 
infiltration of inf lammatory cells [8, 10, 23] 
and histopathological changes including cellular 
degeneration [10, 21, 23], collagen deposition [23, 
40], and changes in cardiomyocyte diameter [45]. 
These findings indicate that periodontitis has the 
potential to cause pathological changes in heart 
tissue, and therefore may have the potential to 
exacerbate cardiovascular problems and/or increase 
the risk of CVDs.

In the study by Chen et al. [8], different 
staining techniques (HE, Masson, PSR, and TUNEL 
[cardiomyocyte apoptosis]) were used to evaluate 
cardiac tissue. The periodontitis group showed no 
significant changes compared to the control in any 
of the stains performed; however, changes were 
found with the combined model of type I diabetes 
and periodontitis. In the study by Ziebolz et al. 
[46], using HE staining of atrial and ventricular 
tissues collected from patients undergoing aortic 
valve surgery with periodontitis, cardiac tissue 
inf lammation was evident with an increase in 
inflammatory cells migrating to the atrium and 
ventricular myocardium. Based on these results, we 
hypothesize that periodontitis exacerbates cardiac 
tissue damage resulting from other diseases that 
affect cardiac tissue.

Different findings were observed among the 
included studies, including alterations in oxidative 
stress biomarkers in cardiac tissue such as MDA, 
GSH [21, 25, 29, 44], SOD [21, 29, 44], GSH-Px 
[25, 29], CAT [21, 25], and TOS [21]. Oxidative 
stress results from the excessive and uncontrolled 
generation of free radicals under pathological 
conditions due to excessive activation of phagocytic 
cells. When there is an imbalance between the 
production of free radicals (or reactive non-radical 
species) and antioxidation, the primary induction 
of tissue degeneration occurs in diseases such as 
diabetes mellitus [22], chronic kidney disease [28], 
cardiovascular diseases [4], among others. 

Experimental [23, 25, 29, 36] and clinical 
studies [3, 43] suggest that periodontitis is a 
chronic inf lammatory disease associated with 
local and systemic oxidative stress. Clinical 
[16, 18] and preclinical studies [5, 27] have 
documented endothelial dysfunction associated 
with periodontitis, leading to decreased nitric oxide 
production [11, 16, 27].

In the study by Tomofuji et al. [36], the increase 
in LPO products in periodontal inflammation was 
found to contribute to oxidative DNA damage in 
the heart. Furthermore, oxidative stress induced 
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by inflammation can trigger various pathological 
processes in the heart. Studies indicate that pro-
oxidation and reduced antioxidation can cause more 
cellular and tissue damage, linking periodontitis 
to different types of oxidative damage, including 
lipid [1, 6], protein [2], and DNA [6, 39] damage.

The activation of the inflammatory response 
was demonstrated, with a significant increase in 
acute phase proteins such as CRP [23, 45]. It is 
important to note that serum CRP levels may be a 
significant indicator of cardiovascular disease risk, 
particularly myocardial infarction [20]. Additionally, 
CRP appears to play an active role during endothelial 
dysfunction [45]. Clinical [16, 37] and preclinical 
[5, 12, 27] studies also associate periodontitis with 
endothelial dysfunction.

In this review, three studies [23, 44, 45] 

observed changes in pro-inflammatory cytokines. 
The studies that evaluated the impact of IL-1β, 
IL-10, and TNF-α levels found an elevation in 
serum levels [23, 44, 45]. It is noteworthy that 
pro-inflammatory cytokines aid in the recruitment 
of polymorphonuclear leukocytes. Periodontitis is 
linked to changes in peripheral inflammatory cell 
patterns, which may influence the connection of 
the disease with other common systemic diseases, 
such as cardiovascular disease [17]. In a systematic 
review aiming to analyze the effects of periodontal 
treatment on cardiovascular risk parameters in 
patients with atherosclerotic cardiovascular disease, 
periodontal treatment was found to improve some 
biochemical parameters involved in the development 
of atherosclerotic cardiovascular disease, including 
CRP, TNF-α, IL-6, fibrinogen, leukocytes, oxidized 
LDL, and VLDL-C [33].

Only one study [18] measured levels of matrix 
metalloproteinase-9 (MMP-9) and cardiac troponin-T 
(cTnT). The analysis of MMP-9 levels in rats with 
periodontitis showed that periodontitis-related 
inflammation disrupts the extracellular matrix 
balance of left ventricular cardiac tissue, and 
cTnT levels may indicate that periodontitis-related 
inf lammation impairs the homeostasis and 
vascularization of ventricular cardiac tissue.

This review presents a somewhat limited 
synthesis of evidence due to the variety of animal 
models and experimental techniques used in the 
analyzed studies. Although the studies had the 
risk of bias scores ranging from low to unclear, 
the lack of reporting on blinding in animal model 
experiments may suggest significant bias. On the 
other hand, the absence of information about 
random allocation and concealment (not directly 
relevant to study designs and outcomes) does not 

represent selection or confounding bias. Nonetheless, 
there is consistency in the results indicating 
possible alterations in cardiac tissues resulting 
from experimental periodontitis in animals. A 
limitation of our review is the scarcity of included 
studies and the non-possibility of performing a 
meta-analysis. Additional research in experimental 
models of periodontitis and CVDs may help 
clarify the association between periodontitis and 
cardiovascular disease.

Limitations

The studies included in this review did not 
specify the sex of animals as a controlled or 
analyzed variable. Therefore, the analysis of 
potential sex-based differences in cardiac tissue 
alterations could not be explored, representing a 
limitation for the generalizability of the findings. 
Incorporating sex-based analyses may contribute 
to greater precision and reproducibility in future 
research within this field.
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