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Objective: The purpose of this study was to observe the 
direct effects of oral bacteria, such as Porphyromonas gingi-
valis (Pg) and Treponema denticola (Td), on the peripheral 
vasculature.
Materials and Methods: Beagles were directly injected 
(at various doses) with Pg or Td. Each leg vein was exposed, 
ligated at proximal and distal sites, and then injected with 
bacteria diluted with sterile saline. The collected vascular 
tissue was examined microscopically, and samples of the 
vascular tissue and blood were cultured and then subjected 
to the polymerase chain reaction (PCR) in order to detect 
the bacterial deoxyribonucleic acid (DNA).
Results: No genes of the injected bacteria were detected in 
the Td-inoculated blood or vascular tissue samples col-
lected 2 weeks after the injection. The Pg gene was also 
not detected in the blood samples collected 4 weeks after 
the injection although it was detected in the vascular 
tissue using PCR. Microscopic examinations showed that 
the inflammatory reactions in the perivascular tissue 
increased in a bacterial dose-dependent manner, as 
expected.
Conclusion: We observed the direct effects of oral bacte-
ria on vascular tissue. Further studies are needed to investi-
gate the correlations between oral bacteria and systemic 
diseases. (This article is a translation of Jpn J Phlebol 2015; 
26: 41-6.)
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Introduction

Many previous studies have examined the association 
between intraoral infections, periodontal disease, and 
systemic illnesses.1) In particular, numerous studies have 
investigated the association between cardiovascular 
disease and periodontal disease, in which the so-called 
periodontal disease bacteria, that is, the causative micro-
organisms of periodontal disease, have been detected in 
atheromatous lesions in coronary arteries with coronary 
artery disease,2) clots in lump walls associated with aortic 
aneurysms,3,4) blocked blood vessels associated with 
Buerger disease,5) and blocked blood vessel walls associ-
ated with arteriosclerosis obliterans.6) In these clinical 
conditions, periodontal disease bacteria are said to enter 
the systemic circulation from the oral cavity by changing 
to a bacteremic state, before they damage the target tis-
sues directly or via lipopolysaccharides originating from 
the bacteria and/or inflammatory mediators.7,8) However, 
the idea that periodontal disease bacteria directly dam-
age target tissues remains a hypothesis,9) and the actual 
effects of administering periodontal disease bacteria to a 
target tissue, particularly blood vessels, remain unknown. 
The purpose of this study was to examine whether peri-
odontal disease bacteria directly damage blood vessels by 
producing a model of periodontal disease bacteria- 
induced peripheral vascular disorder.

Materials and Methods

In this study, 3-year-old beagles (males, approximately 
8 kg) were used. As Porphyromonas gingivalis (Pg) and 
Treponema denticola (Td) were the strains of periodon-
tal bacteria that were most commonly detected in the 
artery wall in cases of arteriosclerosis obliterans treated 
at our department,6) we decided to administer Pg and Td 
in this study. The bacteria were isolated and cultured for 
the study. We exposed veins in the limbs of the beagles 
under general anesthesia and ligated them after securing 
them at central and peripheral sites. Then, we injected 
1 ml of the chosen substance into the ligated veins using 
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a 23G needle (Fig. 1). One dog was injected with various 
concentrations of Pg (3.63 × 107 colony-forming units 
(CFU)/ml, 2.90 × 108 CFU/ml, and 3.63 × 109 CFU/ml), 
and the saline was injected into another vein as a control. 
Another dog was injected with various concentrations of 
Td (1.88 × 106 CFU/ml, 1.88 × 108 CFU/ml, and 1.88 × 
109 CFU/ml), and the saline was injected into another 
vein as a control.

At 2 weeks after the injection in the Td-administered 
group and 4 weeks after the injection in the Pg- 
administered group, we collected the veins in which 
bacteria from the oral cavity had been injected as well as 
samples of the circulating blood (Fig. 2). The veins were 
collected after 4 weeks in the Pg-administered group 
because in previous experiments involving rats performed 
at our department, the changes induced in the blood 
vessels by the administration of Pg were more prominent 
after 4 weeks than after 2 weeks.10) We subjected the 
collected blood and veins to examine the deoxyribonu-
cleic acid (DNA) of each bacterial strain based on the 
polymerase chain reaction (PCR) using a high-pure PCR 
template preparation kit (Roche Corporation, Germany).4) 
In addition, we conducted a histopathological examina-
tion using an optical microscope and hematoxylin and 
eosin (H&E) staining. We determined the degree of 
inflammation of the veins as follows: mild–inflammatory 
cells had infiltrated less than one-third of the overall cir-
cumference of the vein wall; moderate–inflammatory cells 
had infiltrated from one-third to two-thirds of the overall 
circumference of the vein wall; and severe–inflammatory 
cells had infiltrated more than two-thirds of the overall 
circumference of the vein wall.

Results

Although it was easy to collect the target veins from the 
control limbs, which were injected with saline, it was dif-
ficult to collect them from the limbs that were injected 
with bacteria from the oral cavity, due to significant 
inflammatory changes in the vicinity.

In the beagles-administered Td, we were unable to 
detect the bacteria in either the control or bacterial- 
injected limbs using PCR. Furthermore, we were also 
unable to detect the bacteria in the collected blood using 
PCR. As for the beagles that were injected with Pg, we 
were unable to detect the bacteria in the collected blood 
samples using PCR. While we were unable to detect the 
bacteria in the veins that were injected with saline, we 
were able to detect the bacteria in the veins injected with 
Pg (Table 1). Furthermore, H&E staining revealed 
inflammatory changes in the veins into which bacteria 
from the oral cavity had been injected, whereas no 
inflammatory changes were seen in the veins into which 

the saline was injected. This suggested that the inflamma-
tory changes had been caused by the periodontal disease 
bacteria. The vessel wall, particularly the intima, was 
thickened; moreover, the formation of clots due to the 
deposition of hemosiderin was observed in parts of the 
vein lumen (Fig. 3).

Discussion

Many studies have examined the involvement of peri-
odontal disease in peripheral vascular disease. For exam-
ple, periodontal disease exhibits similar associations with 
arteriosclerosis obliterans to hypertension and dyslipid-
emia according to an epidemiological survey, that is, 
patients with periodontal disease have a relative risk 
(1.77) of developing arteriosclerosis obliterans.11) On the 
other hand, while there have been few epidemiological 
surveys of Buerger disease, which is a representative of 
peripheral artery disease, it has been examined in other 
types of studies.12) The mechanism responsible for arterio-
sclerosis obliterans condition has been reported to be as 
follows: periodontal disease bacteria coaggregate in ath-
erosclerosis lesions, adhere to vascular endothelial cells, 
and activate coagulation factor X, resulting in a tendency 
to clot; furthermore, Hgp44 adhesion on the surfaces of 
the bacteria gives rise to FcγRIIa production in platelets 
and platelet aggregation via IgG.13) In other words, in 
arteriosclerosis obliterans, intimal injuries, such as the 
formation of atheroma, occur first, and the clinical condi-
tion develops due to the presence of periodontal disease 
bacteria. In addition, animal studies have obtained similar 

Fig. 1  �An experimental image taken during the bacterial inocula-
tion procedure. We injected the oral bacteria into three leg 
veins, with each vein receiving a different dose of bacteria, 
and one control leg vein was injected with normal saline. 
Pg: Porphyromonas gingivalis; Td: Treponema denticola; 
CFU: colony-forming units
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Fig. 2  �An experimental image obtained during the harvesting procedure. Leg veins (a) and blood 
samples (b) were collected 2 or 4 weeks after the injection. The leg veins were examined 
microscopically, and the PCR was used to detect bacterial DNA. We also subjected blood 
samples to DNA detection. PCR: polymerase chain reaction; DNA: deoxyribonucleic acid

Table 1  �The inoculations of bacteria and the results of the detection of DNA and microscopic findings

No. Location of leg
Bacteria, concentration 

(CFU/ml)

Detection of DNA by PCR Microscopic 
reactionsBlood Leg vein

1-1 U, Rt Normal saline, control - - -
1-2 U, Lt Td, 1.88 × 106 - - Mild
1-3 L, Rt Td, 1.88 × 108 - - Mild
1-4 L, Lt Td, 1.88 × 109 - - Moderate
2-1 U, Rt Normal saline, control - - -
2-2 U, Lt Pg, 3.63 × 107 - + Moderate
2-3 L, Rt Pg, 2.90 × 108 - + Moderate
2-4 L, Lt Pg, 3.63 × 109 - + Severe

DNA: deoxyribonucleic acid; PCR: polymerase chain reaction; U: upper; L: lower; Rt: right; Lt: left; CFU: colony-forming 
unit; Pg: Porphyromonas gingivalis; Td: Treponema denticola

Fig. 3  �The microscopic findings of the leg veins injected with Porphyromonas gingivalis solution. 
(a) The intima (black bar), media, and adventitia (white bar) were thick due to inflammatory 
reactions, and the perivascular tissue had become fibrotic (hematoxylin and eosin stain, 20×). 
(b) In the lumen of the injected leg vein, organized thrombi with hemosiderin (white arrow) 
were recognized, and the disruption of smooth muscle cells (black arrow) was seen at the 
injection site (hematoxylin and eosin stain, 40×).
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bacteria, the detection rate of Pg is said to be high in 
arteriosclerotic disease,4) whereas the detection rate of 
Td is high in Buerger disease.5) Such inter-disease varia-
tions in the detection rates of periodontal disease bacte-
ria might explain why Pg was detected but Td was not 
detected in this study. In addition, regarding the point 
that Pg produced more marked changes than Td, it is 
possible that this was partly due to the abovementioned 
differences in the detection rates of these bacteria. As the 
detection rate of Pg was high, whereas Td was not 
detected, we consider that it is possible that Pg induced 
more sustained reactions in the veins. As for the fact that 
Pg displayed stronger reactions with platelets than Td, 
this was considered to be related to differences between 
the strains.

Conclusion

By intravenously administering periodontal disease bacte-
ria into beagles, we were able to confirm that periodontal 
disease bacteria have direct effects on blood vessels, which 
has merely been a hypothesis until now. Going forward, 
by selectively administering periodontal disease bacteria 
into other tissues, we will attempt to observe the direct 
effects of periodontal disease bacteria on organs other 
than blood vessels, which might help to elucidate the 
associations between periodontal disease bacteria and 
systemic illnesses.
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