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Abstract.

Context: Epidemiological and microbiological studies have reported association
between periodontitis and coronary artery disease (CAD), experimental study that
simulated cause—effect of periodontitis in CAD, however, was lacking. Aims: This
study aimed to demonstrate the occurrence of coronary artery disease as a
consequence of induced periodontitis in a rat model. Settings and Design: This in
vivo experimental study using the post test only control group design. Methods and
Material: A total of 12 rats (Rattus norvegicus) were divided into control and
periodontitis groups (six rats in each group). Periodontitis was induced by injection
of periodontitis bacteria Porphyromonas gingivalis in buccal gingival sulcus of left
mandibular teeth, thrice a week for 4 wk. All rats were fed with normocholesterol
diet. At the end of study, all rats were sacrificed. The rats’heart containing coronary
arteries were removed, cut cross-sectionally and prepared for histochemistry assay.
Statistical analysis used: Descriptive analysis was used to assess the frequency of
CAD lesion, and t test for IMT Results: All of rats in periodontitis group
demonstrated signs of CAD. Coronary artery local inflammation indicated by
leukocytes and erythrocyte accumulation were identified in all rats in periodontitis
group (100 %). Parameters of intimal collagen disintegration and endotelial
disintegration were also commonly occured (91.66 % each), atheroma (41.66 %),
stenosis (41.66 %). Periodontis group demonstrated significantly higher mean IMT
(p < 0.05) compared to control group, 3.6 um + 1.4 um and 2.1 ym £ 0.7 um,
respectively. Conclusions: Periodontitis induced CAD. Periodontitis rat model
might be used to represent as atherosclerotic model as well.
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Introduction

Interests in the role of chronic bacterial periodontitis (chronic bacterial
inflammatory disease of tooth supporting tissue) in the pathogenesis of coronary
artery disease (CAD) have been increasing during the last two decades. Studies
have reported the association of periodontitis and increase risk of
CAD!!H2HBHALSHS 1y addition, the main periodontitis bacteremia, Porphyromonas
gingivalis (Coykendall, et al. 1980, Shah and Collins 1988) has been identified in
specimen of coronary atherosclerotic plaque in patients who suffered from
atherosclerotic cardiovascular disease "H#H%),

Periodontitis as a cause of CAD have been studied both in vitro and in vivo. Some
studies have reported that periodontitis bacteremia were capable of inducing
formation of foam cells and promoting the secretion of pro-inflammatory
cytokines'""M M2 This  might subsequently lead to the development of
atherosclerosis and acceleration of its early stage. P. gingivalis bacteremia have also
been reported to induce coronary and aortic  atherosclerosis in
normocholesterolemic and hypercholesterolemic pigs''®.. To understand further the
role of periodontitis in CAD, it is important to study using a periodontitis model,
since it has the ability to delineate the pathway of infection from periodontal origin.

This study aimed to demonstrate the occurrence of coronary artery disease
as a consequence of induced periodontitis in a rat model. Parameters of CAD were
intima-media thickening, atheroma, stenosis, disintegration of endothelial cell and
intimal collagen. In addition, local inflammatory signs i.e. leucocytes and
erythrocyte accumulation in coronary arterial walls were studied as well.

Materials and Methods

Animals and groups

A number of 12 (£ 0.2 kg, 12 wk old) male rats (Rattus norvegicus
[Berkenhout, 1769]) in this research were purchased from the Department of
Physiology Faculty of Medicine Brawijaya University, Malang, Indonesia. The
animal were maintained under standard laboratory conditions in concordance with
the guideline established by the institutional Animal Care and Ethics Committee
No. 1100/H25.1.11/KE/2016. Animal treatment procedure was approved by Ethical
committee at Faculty of Medicine, Universitas Jember, Indonesia. Dry pellet
normocholesterol standard diet and water were given ad libitum. All rats were
housed in pens in identical condition to minimize environment factors. A total of
12 rats were randomly divided into two groups: i) periodontitis, and ii) control
(healthy, non—periodontitis).
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Periodontitis rat model

Periodontitis model was induced in rats by injecting periodontitis bacteremia
P. gingivalis (ATTC, 33277) in buccal gingival sulcus of left mandibular teeth!"*,
Before injection, these teeth were tided using a loop wire ligature (0 = 5 x 10" m),
for obtaining a better retention for bacterial plaque that allowed bacterial
accumulation on periodontal tissue leading to periodontitis. This procedure was
performed under intramuscular anesthesia using ketamin 0.02 mL rat'. P.
gingivalis was prepared in a culture medium Brain Heart Infusion Broth (BHI-B)
enriched by vitamin K; and Hemin (Sigma) under anaerobic atmosphere for 48 h.
To confirm bacterial purity, P. gingivalis was stained using Gram dye, and
identification under light microscope shown that P. gingivalis was Gram negative
bacteremia with uniform rod-shaped morphology. P. gingivalis concentration was
adjusted to McFarland standard 0.5. Chronic periodontitis was conditioned by
regular injection of 5 x 107 L P. gingivalis thrice a week for 4 wk. Periodontitis
was confirmed by the occurrence of alveolar bone resorption.

Histologic samples preparation

At the end of experiment, all of rats were fasted overnight then sacrificed using
intramuscular ketamin 0.02 mL rat'. Their rats’ heart containing coronary arteries
were removed and fixed in 10 % formalin (in [Phosphate Buffer Solution] PBS),
and then trimmed crossectionally (perpendicular to the direction of blood flow) in
about coronal half area of the heart, and prepared for histologic samples by frozen
section. Serial cryosections (1 x 10° m thickness) were made and then mounted on
to microscope slides (three sections on each slide).

Histologic samples analysis

To analyze coronary morphology and IMT, samples were stained using
Hematoxylin—Eosin staning (Sigma), and collagen staining kit (Picrosirius Red,
ScyTek, USA. The histologic images were assessed under light microscope
magnification x 400 and visualized using optilab microscope camera. Although
samples were crossectional section of heart, however, analysis was focused on
coronary artery only. Each sample was represented by two images of coronary
artery, therefore, each group (consisted of six rats) represented by 12 images of
coronary artery

Analysis of coronary artery morphology and IMT

Morphologic analysis was conducted to assess the CAD (atherosclerotic) indicators.
There were the existence of atheroma (protruding of arterial wall into the lumen),
stenosis/luminal narrowing/occlusion, these were analyzed qualitatively as present
or absent. While coronary IMT was measured in the thickest area or atheroma.

Measurement was done using available software in optilab (um).

Analysis of intimal collagen thickness and integrity
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Intimal collagen thickness and integrity is focused since this structure composed a
fibrous cap that is very important to maintain the resistance of the vessel and
atherosclerotic plaque against rupture and thrombosis. Thinning and disintegration
of intimal collagen could increase the risk of atherosclerotic plaque rupture.
The present study analyzed the quality of intimal collagen as intact or disintegrated.

Analysis of inflammatory markers

To observe the occurence of local inflammation in coronary arteries, accumulation
of leukocytes and erythrocytes on the arterial wall were observed.

Statistic analysis

Descriptive analysis was used to assess the frequency of CAD lesion parameters.
Data of IMT were expressed as mean + standard deviation, and statistically
analyzed by t test.

Result

All periodontitis rat models demonstrated signs of CAD. Morphometric analysis
revealed that the periodontitis rat models had significantly thicker coronary artery
IMT than control group (p < 0.05) (Table 1). Since IMT were measured in thickest
area, the occurrence of atheroma seemed to contributed to the higher IMT mean in
periodontitis group. Morphologic analysis revealed that signs of coronary
atherosclerotic lesion in all samples of periodontitis group including atheroma,
stenosis, endothelial denudation, intimal collagen thinning and disintegration
(Table 2 and Figure 1). Signs of local inflammation was characterized by the
accumulation of leukocytes and erythrocyte (Figure 2 and Figure 3). Atherosclerotic
lesions were found in some specimens of control group as well, but in a lower
frequency.

Table 1. Coronary artery intima—media thickness (IMT) of the rats
Intima—media thickness

Gtiey Mean £ SD (x 10® m)
Control 12 2.1+0.7

Periodontitis 12 3.6+1.4

P 0.003*

*significantly different, p < 0.05 (t test)
n : number of specimen

Table 2. Coronary atherosclerotic lesion in periodontitis rat model
Control (N = 12) Periodontitis (N = 12)

Atherosclerotic lesion

n (%) n (%)
Atheroma 0 0 5 41.66
Stenosis 0 0 5 41.66
Intimal collagen disintegration 3 25 11 91.66
Endotel disintegration 5 41.66 11 91.66
leukocytes & erythrocyte 2 16.66 12 100
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accumulation
n : number of specimen
N  :total number of specimens

Figure 1. Worsening of coronary artery morphology in periodontitis rat model
(Picro sirius red staining), indicated by progression of atheroma, stenosis and
intimal collagen disintegration

Figure 2. Coronary atherosclerosis in periodontitis rat model (Hematoxilin-Eosin
staining). A, magnification x 400 showed atheroma morphology (circles). B and C,
magnification x 1 000 showed leucocyte infiltration (arrow) and erythrocyte
accumulation in area atherosclerotic lesion

Figure 3. Coronary atherosclerosis in periodontitis rat model (Hematoxilin-Eosin
staining). A, magnification x 100 showed morphology atheroma (box) and luminal
narrowing, B, magnification x 400. C, magnification x 1 000 showed leucocytes
infiltration (arrow), endothelial denudation (circle)
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Discussion

Coronary artery disease (CAD) or Coronary atherosclerosis is an inflammatory
disease characterized by thickening of coronary arterial wall, which is the result of
accumulation of atheromatous plaques. This plaque is made up of fat mainly
cholesterol (in the core) and cover by collagenous tissue called fibrous cap. The
currently accepted hypothesis is that atherosclerosis develops as a response to injury
and that is primarily a chronic inflammatory condition>"'®"!” " Bacterial
inflammatory disease such as periodontitis had been alleged to play an important
role in pathogenesis of atherosclerosis.

This study revealed the cause-effect of periodontitis in pathogenesis of CAD. Rat
model that was created by P. gingivalis challenged on periodontal tissue mimicking
periodontitis, and it was shown that periodontitis induced the formation of the
coronary atherosclerotic lesion, characterized by thickening of the arterial wall,
formation of atheroma, intimal collagen disintegration, endothelial denudation, and
local inflammation is used in this research. These characters of the lesion were
consistent with atherosclerosis.

This study is used periodontitis rat model in order to simulate the effect of infection
from periodontal origin. Previously Li et al. demonstrated that mice with ApoE—
deficient exhibited increased aortic atherosclerosis when challenged intravenously
with invasive strain of P. gingivalis """"® Other study by Brodala et al. reported
recurrent intravenous injection with P. gingivalis, mimicking periodontitis-
associated bacteremia, promoted coronary artery and aortic atherosclerosis in
pigs""#" This study is supported and extended these finding. One important
difference between this study and others previous studies was the challenged of P.
gingivalis via periodontitis model, this method probably served evidence more
closely to the real condition.

In this study, rats in both of periodontitis and non-periodontitis group were fed with
the same normocholesterol standard diet, in order to exclude factor of lipid intake,
and therefore we assumed that the independent variable was periodontitis. In other
word, the distinctive feature of coronary artery structure was assumed due
to periodontitis condition. Regarding the level of cholesterol, this study measured
serum lipoprotein, low density lipoprotein (LDL) and high density lipoprotein
(HDL), (data not shown). Periodontitis rat model exhibited higher serum LDL
(although not significant, p > 0.05), and a significant lower HDL (p < 0.05). This
can be noticed that periodontitis might affect atherogenesis indirectly via lipid
metabolism. Further studies, however, were needed to confirm this.

Limitations noticed, this study did not measure the severity of periodontitis and

level of bacteremia, therefore it could not be concluded, whether severity of
periodontitis affected severity of atherosclerosis. Further studies however were
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needed to confirm the effect of duration and severity of periodontitis in
pathogenesis atherosclerosis.

Atherosclerosis is a chronic inflammatory disease, the dynamic structural change in
arterial wall was alleged to be related to the dynamic change of systemic and
vascular inflammatory condition. This study identified local vascular change of
coronary artery due to the occurence of local inflammation, indicated by erythrocyte
and leucocyte accumulation around atherosclerotic lesion. Local inflammatory
response in coronary arterial wall probably due to circulating antigen from
periodontitis origin.
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