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Background and Objective: The role of oxidative stress in the process of cardiac
remodeling, hypertrophy and heart failure is a current topic. The purpose of this
experimental study was to investigate the influences of periodontitis on levels of
cardiac oxidative stress.

Material and Methods: Twenty rats were separated into two groups: control and
experimental periodontitis (EP). Periodontitis was induced by placing a 3.0 silk
suture in the cervix of the left and right mandibular first molar teeth for 5 wk.
At the end of the experiment, the animals were killed and blood samples and
mandibular and ventricular cardiac tissue samples were collected. Levels of alve-
olar bone loss were determined using measurements performed on histological
slices and radiographies. Left ventricular tissue 8-hydroxy-2’-deoxyguanosine,
malonylaldehyde, glutathione peroxidase, total oxidant status, total antioxidant
status (TAS) levels and serum paraoxonase-1 activity were evaluated biochemi-
cally.

Results: Measurements performed on the histological slices and radiographies
demonstrated that applying the ligature caused obvious alveolar bone loss.
Oxidative damage markers (malonylaldehyde, 8-hydroxy-2’'-deoxyguanosine,
oxidative stress index: total oxidant status/TAS) were significantly higher, and
antioxidant markers (glutathione peroxidase, TAS) were statistically insignifi-
cantly higher, in the hearts of rats with EP when compared to the controls. In

addition, reduced serum paraoxonase-1 activity was also detected in the EP Oguz Kése, DDS, PhD, Faculty of Dentistry,
group. Department of Periodontology, Recep Tayyip

Erdogan University, TR-53100 Rize, Turkey
Conclusion: The pronounced increase in cardiac oxidative stress caused by peri- Tel: +90 464 222 00 01
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odontitis was due to an excessive increase in the production of reactive oxygen ; ]
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species, rather than due to decreased antioxidant capacity. The results indicate
that periodontitis-related cardiac oxidative stress might be one of the mecha-
nisms that contribute to the pathological process that leads to heart failure.
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failure; oxidative stress; periodontal disease
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Oxidative stress is the result of changes
in the balance between reactive oxygen
species (ROS) and antioxidant capac-
ity on behalf of oxidants or against
antioxidant capacity (1-3). ROS over-
production causes reversible and irre-
versible damage in biomolecules (such
as membrane lipids, proteins and
DNA) that are crucial for the function
of tissues and cells (1,4,5).

Current human (2,4) and animal
(3,6) studies have put forth that peri-
odontitis is an inflammatory disease
characterized by a systemic increase
in oxidative stress. In addition, the
role of oxidative stress in the patho-
genesis of cardiovascular diseases
(7,8), in particular, cardiac hypertro-
phy and heart failure (HF) (9-12), is
well known. The role of oxidative
stress in the process of cardiac remod-
eling that results in HF is becoming
clearer (10,12-14). ROS impairs con-
tractile functions via its direct effect
on the proteins responsible for the
contraction—excitation coupling of the
myocardium. It activates
hypertrophy signaling kinases and
impairs extracellular matrix remodel-
ing by activating matrix metallopro-
teinases (13,15-17).

In light of this information, we
hypothesized that periodontitis, which
is a chronic, low-level systemic oxida-
tive disease, might contribute to
oxidative stress-related degeneration
of the myocardium, which can result
in HF. While a few studies have
pointed out the negative effects of
periodontitis-related systemic oxida-
tive stress on cardiovascular diseases
(18-20), the potential effects on heart
tissue specifically are not known. As
such, in this study, we aimed to inves-
tigate the influence of ligature-induced
periodontitis on the level of cardiac
oxidative stress in left ventricular car-
diac samples.

various

Material and methods

Animal housing

This experimental study, using 20
male Sprague-Dawley rats (weight
range: 200-220 g), was conducted at
the Medical Experimental Application
and Research Center of Atatiirk

University in accordance with ethical
norms accepted by the Experimental
Ethics Committee of this university
(HADYEK 2013-122). All of the ani-
mals were sheltered under standard
laboratory conditions (light period:
06:00-19:00 h; temperature: 21 + 2°C;
and relative humidity: 58%) and fed
standard rat chow and water through-
out the study. The rats were separated
into two groups: control and experi-
mental periodontitis (EP).

Induction of periodontitis

Periodontitis was induced in the rats
using a procedure similar to those
used in our previous studies (6,21-24)
and other EP studies (3,25). The rats
in the EP group were anesthetized
with xylazine hydrochloride (10 mg/kg
bodyweight) (Rompun, Bayer, Istan-
bul, Turkey) and ketamine hydrochlor-
ide (40 mg/ kg bodyweight) (Ketalar,
Pfizer, Istanbul, Turkey), and the
mandibular right and left first molar
teeth were ligated with a 3.0 silk suture.
The ligatures were retained in the
submarginal position for 5 wk to pro-
voke the development of plaque accu-
mulation, inflammation and, finally,
periodontitis.

Blood and tissue sampling

On the last day of the fifth week, the
rats were anesthetized with the medi-
cations mentioned above and intrac-
ardiac blood samples were collected
via a needle and syringe. The rats
were then killed with a lethal injection
of pentobarbital (50 mg/kg). The first
molar teeth and the mandibular tissue
surrounding the neighboring tissues
were dissected out. The right
mandibular tissue samples were trans-
ferred to containers with 10% neutral
formaldehyde solution for light micro-
scopic analysis. Radiographic evalua-
tions were performed on the left
mandibular tissue samples. The left
ventricular heart tissue was also
removed, weighed, washed with cold
saline, quickly blotted with filter paper
and immediately frozen at —80°C for
biochemical analysis. Serum samples
were obtained by centrifuging the
blood at 1500 g for 10 min within 1 h

of collection. The samples were stored
at —80°C before they were analyzed.
Histopathological and biochemical
examinations were performed by two
expert researchers who were unaware
of the study group allocations.

Histometric and radiographic
analyses

Histometric and radiographic analyses
were carried out to determine and
compare the extent of alveolar bone
loss. Alveolar bone loss on the buccal
and lingual sides of the right first
molar teeth was determined histomor-
phometrically. The removed mandibu-
lar tissues were fixed in 10% neutral
buffered formalin for 3 d and then
decalcified in 6% nitric acid for 14 d.
These tissues were then dehydrated,
embedded in paraffin and sectioned
along the molars in a bucco-lingual
plane by microtome, for hematoxylin—
eosin staining. In each mandibular
first molar, histometric analyses were
performed on eight 5 pm thick sys-
tematically selected slices from among
all sections. Alveolar bone loss (dis-
tance between the cemento-enamel
junction and the alveolar bone crest)
was determined using a trinocular
light microscope integrated with ana-
lyzing software (Kameram SLR;
Mikro Sistem Ltd., Istanbul, Turkey)
(Fig. 1). Levels of loss in the mesial
and distal sides of the left first molar
teeth were measured with analyses
performed on the radiographies. Three
points were considered, as shown in
Fig. 2: (a) the alveolar crest on the dis-
tal/mesial side of the tooth; (b) apex of
the distal/mesial root; and (c) peak of
the distal/mesial cusp. The linear dis-
tances between points a—b and b—c
were evaluated to calculate the peri-
odontal bone support using the follow-
ing formula: a-b/b—c x 100. The
histometric and radiographic analysis
procedures were described in detail in
previous studies (6,21-25).

Biochemical analyses

Ventricular tissue analyses—Before dis-
section, all tissues were rinsed with
phosphate-buffered saline solution.
The 25 mg tissues were homogenized



CONTROL

Periodontitis and cardiac oxidative stress

Fig. 1. Histologic appearance of the control and EP groups. BC, bone crest; CEJ,
cemento-enamel junction; CEJ-BC, cemento-enamel junction-alveolar bone crest distance;
EP, experimental periodontitis; PL, periodontal ligament, hematoxylin—eosin staining.

CONTROL

EP

—
5 mm

Fig. 2. Assessment of medial and distal periodontal bone support percentages for the con-
trol and EP groups. (a) Crest bone on the distal/mesial side of the tooth; (b) apex of the
distal/mesial roots; and (c) tip of the distal/mesial cusp of the tooth. EP, experimental

periodontitis.

in ice-cold 2 mL phosphate buffers
(50 mm, pH 7.4) that were appropri-
ate for the variable to be measured.
The tissue homogenates were cen-
trifuged at 5000 g for 20 min at 4°C
and the supernatants were extracted
to analyze malonylaldehyde (MDA), 8-
hydroxy-2'-deoxyguanosine (8-OHdG),
glutathione peroxidase (GSH-Px), total
oxidant status (TOS), total antioxidant
status (TAS) and protein concentra-
tion. The protein concentration of the
supernatant was measured using the
method described by Bradford (26). All
tissue results were expressed by divid-
ing into grams of protein.

Determination of tissue malonylaldehyde,
and  glu-
tathione peroxidase levels—The method
described by Ohkawa et al. (27) was
used to measure MDA levels. GSH-
Px was also measured using a
colorimetric kit (Cayman Chemical

8-hydroxy-2'-deoxyguanosine

Company, Ann Arbor, MI, USA) that
determined GSH-Px activity indirectly
via a coupled reaction with glutathione
reductase-red oxidized glutathione,
according to the manufacturer’s proto-
cols. The results are expressed as mean
U/g protein + standard deviation
(SD). Levels of 8-OHdG were deter-
mined using a commercial enzyme-
linked immunosorbent assay kit (Sigma
Chemical Co., St. Louis, MO, USA).
The results are expressed as mean ng/g
protein + SD.

Determination of tissue total oxidant sta-
tus and total antioxidant status levels and
calculation of oxidative stress index—
The TOS and TAS levels of the super-
natants were determined using a novel
automated measurement method and
commercially available kits (Rel
Assay Diagnostics, Gaziantep, Tur-
key), both developed by Erel (28,29).
The results are expressed as pmol

605

hydrogen peroxide (H,O,) equivalent/
L and pmol Trolox equivalent/L,
respectively. The percentage ratio of
TOS to TAS was used as the oxida-
tive stress index (OSI). OSI was calcu-
lated as TOS (in pmol/L) divided by
TAS (umol Trolox equivalent/L)
divided by 100 (29).

Serum analysis

Serum paraoxonase (PON)-1 activity
was determined spectrophotometri-
cally at 412 nm at 37°C using a com-
mercially available kit (Rel Assay
Diagnostics) according to the manu-
facturer’s instructions. PON-1 activity
was expressed as U/L serum.

Statistical analysis

As all of the data presented a normal
distribution and the coefficient varia-
tion was less than 20%, intergroup
differences were tested by analysis of
variance and Duncan’s post-hoc test,
using SPSS 17.0 (SPSS, Inc., Chicago,
IL, USA). All data were expressed as
mean average = SD (p <0.05 was
considered significant).

Results

Histometric and radiographic results

Histometric evaluations demonstrated
that levels of alveolar bone loss (dis-
tances between the cemento-enamel
junction and alveolar bone crest) were
significantly higher in the EP group
when compared to the control group
(» <0.05) (Fig. 1; Table 1). In the
radiographic measurements, mesial
periodontal bone support and distal
periodontal bone support in the EP
group were significantly lower than in
the control group (p < 0.05) (Fig. 2;
Table 1).

Biochemical results

Heart ventricular tissue oxidative stress
biomarker levels—MDA and 8-OHdG
levels were higher in the EP group than
in the control group (p < 0.05) while
GSH-Px levels were statistically
insignificantly higher (p > 0.05). TOS
levels and the OSI of the cardiac tissues
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Table 1. Comparison of the alveolar bone losses between the groups

Histometric analysis: CEJ-BC (um)

Radiographic analysis: PBS (%)

Buccal Lingual Mesial Distal
Control 94.27 4 8.20° 105.05 & 10.02° 61.30 &+ 7.74° 62.82 + 8.20°
EP 381.86 + 32.71° 375.44 + 26.31° 44.70 + 6.08° 40.40 + 7.02°

CEJ-BC, the distance between the cemento-enamel junction and the alveolar bone crest;
EP, experimental periodontitis; PBS, periodontal bone support. Results are expressed in
mean + SD. Different superscript letters (a, b) in the same column indicate significant dif-
ferences between groups. ANOVA and post-hoc Duncan test were performed (p < 0.05).

were higher in the EP group when
compared to the control group
(p < 0.05). TAS levels were statistically
insignificantly higher in the rats with
periodontitis (p > 0.05) (Table 2).

Serum  paraoxonase-1 activity—Serum
PON-1 activity was lower in the EP
group compared to the control group
(p < 0.05) (Table 2).

Discussion

The present study shows that in rats
with ligature-induced periodontitis,
the level of oxidative stress in the left
ventricular cardiac tissue increased
significantly, while local antioxidant
capacity was not affected significantly.
To the best of our knowledge, only
one other study found in the literature
has investigated the effects of peri-
odontal inflammation on cardiac
oxidative stress. Tomofuji et al. (30)
reported that in Wistar rats with
bacterial  lipopolysaccharide-induced
periodontitis, cardiac 8-OHdG levels
increased more than twofold. The
authors found that 8-OHdG levels
increased not only in cardiac tissue,

tissue. It is clear that this particularly
valuable experimental study did not
aim to evaluate broadly the effects of
periodontitis on cardiac oxidative
stress levels. Moreover, it was not
made clear from which part of the
heart the samples used in the biochem-
ical evaluations were collected. In the
present study, periodontitis was
induced by applying a ligature to the
first molar teeth bilaterally at a sub-
marginal position for a period of
S wk. Because various studies
(10,13,31) have pointed out the
changes in ventricular tissue observed
in the early stages of HF pathogenesis,
we specifically collected tissue samples
from the left ventricle to perform
extensive evaluations of oxidative
stress levels.

Markers used in this experimental
study to evaluate levels of oxidative
stress were MDA, §8-OHdG, GSH-Px
and OSI. MDA and 8-OHdG are end
products that reflect the extent of oxida-
tive damage to membrane lipids and
DNA, respectively (3). Various studies
have pointed out the close relationship
between systemic levels of these markers
and HF (32-34). Kobayashi ez al. (32)

but also in liver, kidney and brain  reported a significant correlation
Table 2. Comparison of the biochemical results between the groups
Control EP

MDA (tissue: nmol MDA /g protein)
8-OHdG (tissue: ng/g protein)

GSH-Px (tissue: U/g protein)

TOS (tissue: pumol H,0, equiv/g protein)
TAS (tissue: mmol Trolox equiv/g protein)
OSI (ratio)

PON-1 activity (serum: U/L)

25.424 £ 5.210% 33.411 + 7.151°

0.511 £+ 0.107* 0.860 =+ 0.153°
4221 + 12.55° 45.88 £+ 14.20"
8.224 + 4.64% 12.451 + 4.48°

0.897 + 0.462*
1.935 + 0.754°
62.61 + 18.02°

0.886 + 0.325"
1.304 £+ 0.714%
78.42 + 14.33%

EP, experimental periodontitis; GSH-Px, glutathione peroxidase; MDA, malonylaldehyde;
8-OHdG, 8-hydroxy-2'-deoxyguanosine; OSI, oxidative stress index; PON-1, paraoxonase-
1; TAS, total antioxidant status; TOS, total oxidant status. Results are expressed in
mean + SD. Different superscript letters (a, b) in the same line indicate significant differ-
ences between groups. ANOVA and Post-Hoc Duncan Test were performed (p < 0.05).

between urinary 8-OHdG levels and
HF-related cardiac functional parame-
ters, and Suzuki er al. (33) stated that
serum 8-OHAG level might be a signifi-
cant indicator of HF risk. The
significantly elevated levels of MDA
and 8-OHAdG in the EP group in this
study demonstrate that periodontitis
causes serious oxidative damage in the
cellular membranes and genetic materi-
als of cardiac tissue, which is consistent
with the findings of Tomofuji et al. (30).

Although specific oxidative degrada-
tion products, such as MDA and 8-
OHAJG, are measured in the evaluation
of oxidative stress level, they fail to
demonstrate the final oxidative status of
the tissue. Similarly, evaluations of
enzymatic or non-enzymatic antioxidant
levels do not adequately reflect antioxi-
dant effectiveness. Recent studies have
reported that TOS and TAS measure-
ments reveal oxidative and antioxidant
statuses clearly (2,3,28,29). It has been
reported that TAS, which is a practical
and reliable method, reflects not only
the effectiveness of known antioxidants,
but also that of antioxidants that have
not yet been discovered (2,29). OSI, a
current parameter that is a proportional
value between TOS and TAS, was rec-
ommended by Erel (29) for revealing
the level of oxidative stress more pre-
cisely and practically. It is influenced by
both ROS production and antioxidant
status (2,3,29). Our findings, showing
that periodontitis causes a significant
increase in levels of TOS and OSI and a
statistically insignificant increase in TAS
levels, indicate that the pro-oxidative
effect of periodontitis on cardiac tissue
might be particularly related to its role
in provoking ROS production.

GSH-Px is an enzyme that is found
in large amounts in cardiac tissue,
particularly in cytosolic and mito-
chondrial compartments in which
ROS production is extensive. It has
more important functions in the
antioxidant protection of this tissue as
compared to other enzymatic antioxi-
dants (10,35). It is also a key antioxi-
dant that catalyzes the reduction of
H,0, and hydroperoxides (10). More-
over, Shiomi et al. (36) reported that
mice with GSH-Px gene overexpres-
sion were more resistant to myocar-
dial oxidative stress, remodeling and



ultimately, HF. In this study, we
determined that GSH-Px levels were
slightly higher in the cardiac tissue of
the rats with periodontitis. Similarly,
TAS levels were statistically insignifi-
cantly higher in the rats with peri-
odontitis. This slight increase in
antioxidant activity might be related
to an adaptive response. The study by
Tsutsui (10,37) supports our
findings that oxidative stress in HF is
the result of a diffuse increase in ROS
production rather than a decrease in
antioxidant capacity.

Although the present study clearly
revealed that periodontitis caused an
increase in oxidative stress in the left
ventricle, the underlying mechanisms
were not investigated, which repre-
sents an evident weakness in the
study. Tomofuji er al. (30) showed
that lipid peroxides that are exten-
sively released into circulation from
periodontal might trigger
oxidative DNA damage in the cardiac
tissue of rats with lipopolysaccharide-
induced periodontitis. It was also
clearly demonstrated that ligature-
induced periodontitis led to endothe-
lial dysfunction (38) and inflammation
(39) in the aorta. Miyajima et al. (39)
revealed that there was a significant
increase in the expression levels of
p65S nuclear factor-kappa B and vas-
cular cell adhesion molecule-1 in the
aortic endothelial cells of rats with
periodontitis compared to the control
group, resulting in the invasion of
these periodontitis-activated mono-
cytes/macrophages into the vascular
wall. Furthermore, it was reported in
that study that periodontitis increased
tumor necrosis factor-alpha-associated
mRNA expression in the aorta. It is
likely that periodontitis enables
inflammatory cells to penetrate into
deeper tissues by causing ventricular
endothelial dysfunction, similar to
that found in the aorta, and that this
condition triggers a complex inflam-
matory response, including ROS over-
production.  Duarte (40)
demonstrated that the composition of
the microbial plaque deposited on the
ligature that was placed on the cervix
of the teeth to provoke the formation
of periodontitis greatly resembled that
which is found in humans. Moreover,

et al.
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Hokamura ef al. (41) found that
intravenous administration of Porphy-
romonas gingivalis dramatically
induced aortic intimal hyperplasia in
the mouse model. In this context, it is
evident that there is a need for further
studies aiming to determine the direct
and/or indirect contributions of pla-
que bacteria in periodontitis-related
inflammatory and oxidative alter-
ations in cardiac tissue.

In the present study, we also eval-
uated the effects of periodontitis on
serum PON-1 activity and we con-
cluded that the mentioned activity
was clearly lower in the rats with
periodontitis. PON-1, a multitasking
protein, is one of three members of
the paraoxonase enzyme family
(PON-1, PON-2 and PON-3). PON-1
protects low- and  high-density
lipoproteins from lipid peroxidation
by catalyzing the degradation of oxi-
dized lipids contained in the oxidized
lipoproteins (42). It also protects cells
against oxidative damage (43). Previ-
ous studies have shown that PON-1
plays a vital role in limiting
atherosclerosis, vascular inflammation
and oxidative stress (44,45). In this
regard, the significant decrease in
PON-1 activity in rats with periodon-
titis might be one of the mechanisms
that provoke an increase in cardiac
oxidative stress. This view is sup-
ported by the Guns et al. (46) study,
which showed that the PON-1 gene
transferred reduced vascular oxidative
stress in mice with pre-existing
atherosclerosis.

The findings of this study support
our hypothesis that a significant
increase in oxidative stress in cardiac
tissue caused by ligature-induced peri-
odontal destruction is the result of ROS
production rather than a decrease in
antioxidant capacity. However, the pre-
sent study has some limitations. First,
alveolar bone loss is a late outcome of
periodontal disease. It was an impor-
tant deficiency of the present study that
the possible effects of many host
response events on cardiac oxidative
parameters occurring due to the early
stages of periodontitis pathogenesis
were not evaluated in a comprehensive
manner. In addition, because only male
rats were included in the study, the
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obtained findings cannot be considered
valid for both sexes. As such, there is
an obvious need for further and more
detailed studies to demonstrate the
mechanism by which periodontitis
influences cardiac oxidative stress.
Although the findings of this animal
study should not be correlated directly
with periodontitis in humans, it is obvi-
ous that periodontal treatment is essen-
tial in limiting oxidative degeneration
that might lead to HF.
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