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Abstract
Background. Caffeic acid phenethyl ester (CAPE) may be considered as alternative treatment for periodontitis and benefit the heart by way of its ameliorative effects.
Objectives. The aim of the study was to evaluate the effects of CAPE on cytokine levels and the oxidative
status in the serum and heart tissue in a rat model of periodontitis.
Material and methods. Experimental animals were randomly assigned to 3 groups: control group
(C; n = 8); periodontitis group (P; n = 10); and periodontitis + CAPE group (PC; n = 10). Caffeic acid
phenethyl ester, at a dose of 10 µmol/kg/day, was administered by intraperitoneal injection over a 14-day
period. Interleukin (IL)-1β, IL‑10 and tumor necrosis factor-alpha (TNF-α) were assessed in the serum.
Glutathione (GSH), glutathione peroxidase (GSH-Px) and malondialdehyde (MDA) were assessed in both
the serum and the heart tissue homogenate.
Results. Increased IL‑1β, IL‑10 and TNF-α serum levels were observed in the P group (p < 0.05). Caffeic
acid phenethyl ester significantly decreased alveolar bone loss (ABL) and cytokine levels in the PC group
(p < 0.05). Malondialdehyde, one of the strongest oxidants, was significantly decreased in the PC group
as compared to the P group (p < 0.05). In both the serum and the heart tissue homogenate there were no
differences in MDA levels between the PC and C groups. Furthermore, CAPE significantly increased GSH and
GSH-Px levels in the serum and heart tissue (p < 0.05).
Conclusions. Caffeic acid phenethyl ester has beneficial effects on the tissues affected by periodontitis.
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Introduction
Caffeic acid phenethyl ester (CAPE) is an active polyphenolic compound and a valuable element of propolis,
which is a component of honey. It has numerous health
benefits due to its antioxidative, antiproliferative, antitumoral, anti-inflammatory, immunomodulatory, and antineoplastic properties. An epidemiological study reported
a reduction of blood pressure and the lessening of cardiovascular problems, mainly related to coronary heart disease, i.e., antithrombotic, anti-ischemic and vasorelaxant
effects, following a regular intake of honey.1 The timely
cardioprotective activity of CAPE, which decreased the
diversion of xanthine oxidase (XO) and adenosine deaminase (ADA) as well as had a direct antioxidant effect, has
been demonstrated in short-term myocardial ischemia in
rats.2 Many studies have discussed the links between CAPE
and mitogen-activated protein kinase (MAPK) pathways,
which are an important part of treating cardiac disease.3,4
Caffeic acid phenethyl ester inhibits the stimulation of p38
MAPK, the activity of caspase-3, and the production of
proinflammatory cytokines (interleukin (IL)-1β and tumor
necrosis factor-alpha (TNF-α)). It also reduces cardiomyocyte apoptosis in cardiac tissues.5 The anti-inflammatory
effect of CAPE is related to decreases in c-Jun N-terminal
kinase, nuclear factor-kappa B (NF-κB) and cyclooxygenase (COX)-2 expression.6 Thus, the CAPE-based protection of cardiac myocytes is likely accomplished through inhibition – not only through the inhibition of inflammatory
signaling, but also via the inhibition of cell death.6 Another
useful effect of CAPE on cardiomyocyte cells is the control
of accumulation of reactive oxygen species (ROS). Reactive
oxygen species play a pivotal role in tissue harm and diseases. Several pathological conditions, such as cardiovascular diseases (CVD) (atherosclerosis, hypertension and
congestive failure), can be stimulated when intracellular
redox homeostasis is impaired.7,8 Cells always need oxygen
for energy, which is obtained through oxidative phosphorylation. The production of adenosine triphosphate (ATP)
begins with the reaction of 4 electrons and 4 protons joining O2 to form 2 water molecules (H2O). This process is
sensitive, because, if a molecule of O2 gets only 1 electron,
it is modified into a superoxide anion (O2•−). Hydrogen
peroxide (H2O2), hydroxyl radical (OH•) and peroxynitrite
(ONOO−) are examples of highly reactive ROS that can afford to keep more electrons as well as 4 protons to form
H2O. Antioxidant defense mechanisms act to prevent the
pathophysiological damage caused by ROS. Nevertheless,
oxidative stress can induce many different diseases, such as
CVD (e.g., atherosclerosis or hypertension), diabetes mellitus, neurodegenerative disorders, rheumatoid arthritis,
and periodontitis, as well as ageing.9,10
Periodontitis is a chronic inflammatory disease characterized by the destruction of periodontal tissues, such
as connective tissue, bone, and teeth.11 Host and bacterial
challenges are the key factors in the progression of peri-

odontal disease and responses to systemic inflammation.12
In fact, physiological ROS, stimulated by immune cells,
have antibacterial effects that support the immune regulation and host defense. Cytotoxic effects on cell growth
and the cell cycle, the oxidative destruction of DNA and
proteins, and the induction of gingival fibroblast apoptosis
can all be stimulated by excessive ROS. When periodontal
tissue destruction begins, the main role of ROS is as intracellular signaling molecules during osteoclastogenesis. As
a result, bone destruction is indirectly induced.10,13
The triad of inflammation, oxidative stress and periodontitis has often been emphasized in previous studies.
Inflammation and oxidative stress are the main elements
of this pattern, and can also have pathological effects on
other tissues. For example, periodontitis can have a negative effect on heart tissue because of increased pro-inflammatory cytokine levels and systemic oxidative stress.
To some degree, oxidative stress can be blocked by autoimmune protective mechanisms, starting with the production of cytoprotective enzymes.10 One of these protective mechanisms may involve CAPE, as assessed in the
present study. Specifically, we evaluated the antioxidant
and anti-inflammatory effects of CAPE on cytokine levels
and the oxidative status in the serum and heart tissue.

Material and methods
Animals
Twenty-eight male Wistar albino rats weighing approx.
200 ±20 g were individually housed in plastic cages. The
rats were kept in standard environmental conditions, fed
with standard rat food and had tap water ad libitum. The
room temperature was set at 24.0 ±0.6°C and the cages
were kept in a 12h/12h dark/light cycle (the lights were
turned on at 07:30 a.m.). The animals were maintained
and used in accordance with the Animal Welfare Act and
the Guide for the Care and Use of Laboratory Animals
prepared by Süleyman Demirel University, Isparta, Turkey (study approval No. 26-09/12).

Induction of periodontitis
The experimental animals were randomized into
3 groups: control group (C; n = 8); periodontitis group
(P; n = 10); and periodontitis + CAPE group (PC; n = 10).
The ligature-induced periodontitis model is a consistent
and safe method in which the accumulated plaque evokes
periodontitis and stimulates the host response in the dentogingival region.14,15 Periodontitis is induced by placing
ligatures on molar teeth. The waiting period for the periodontal reaction to begin should be less than 15 days.14 In
this study, the histomorphometric analysis revealed that
periodontal destruction successfully occurred in the experimental groups after 14 days (Fig. 1).
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Determination of serum cytokine levels

Fig. 1. Microscopic image of bone loss
magnification ×4.

Experimental periodontitis was induced under general
anesthesia, using intramuscular ketamine (90 mg/kg) and
xylazine (10 mg/kg) injection (Pfizer, Tadworth, UK).11
Sterile 3/0 silk ligatures (Doğsan, Istanbul, Turkey) were
subgingivally wrapped around maxillary second molars
in both groups for a duration of 14 days.14 Caffeic acid
phenethyl ester (Sigma-Aldrich, St. Louis, USA)12 was administered at a dose of 10 µmol/kg/day via intraperitoneal
injection for 14 days.16 All chemicals were of analytical
grade.

Histomorphometric analysis
After the rats were sacrificed under general anesthesia,
the maxillae and hearts were resected and immediately
fixed in H2O2 for 24 h. The right maxillary halves were
used for histomorphometric evaluation and stained with
1% methylene blue (Ceristain®; Merck, Darmstadt, Germany) (1 g/100 mL) diluted with water for 60 s to fix the
cementoenamel junction (CEJ). The distance between
CEJ and the alveolar bone crest (ABC) was measured at
3 buccal points under a stereomicroscope (DP-Soft 3.2,
Olympus Europa, Hamburg, Germany) at ×40 magnification. Morphometric alveolar bone loss (ABL) was recorded using standardized digital photography (Leica MZ6;
Leica, Wetzlar, Germany) and the images were analyzed
using the ImageJ software, v. 1.46r (National Institutes
of Health, Bethesda, USA).

Centrifugation was used to separate the serum samples
(at 1,500 rpm for 10 min at 4°C). The samples were then
poured into Eppendorf tubes and stored at −20°C until
testing began. Interleukin-1β, IL‑10 and TNF-α levels
were assessed using enzyme-linked immunosorbent assay
(ELISA) kits (eBioscience, Vienna, Austria) with a microplate reader (Infinite® M200; Tecan, Männedorf, Switzerland). The concentrations of IL‑1β, IL‑10 and TNF-α were
assayed from a standard curve and following the manufacturer’s recommendations. The minimum assay detection limit was 4 pg/mL for IL‑1β, 1.5 pg/mL for IL‑10 and
11 pg/mL for TNF-α.

Determination of MDA, GSH
and GSH-Px levels
The method of Placer et al. was used for the analysis
of lipid peroxidation (LPO) levels.18 Briefly, a pink color is
a marker produced by mixing thiobarbituric acid (TBA)
with MDA to design a colored MDA–TBA adduct. Lipid
peroxidation levels, as presented by MDA, were observed
using a spectrophotometric assay (Shimadzu UV-1800,
Shimadzu Corp., Kyoto, Japan) at a wavelength of 532 nm.
The samples were assessed for GSH at 412 nm, using
the method of Sedlak and Lindsay.19 Glutathione peroxidase spectrophotometric assessments were performed at
412 nm at 37°C, based on the Lawrence and Burk technique.20 Malondialdehyde, GSH and GSH-Px levels were
evaluated in the serum and heart tissue. The whole experimental protocol is presented in Fig. 2.

Statistical analysis
All statistical analyses were performed using the SPSS
Statistics for Windows software, v. 17.0 (SPSS Inc., Chicago, USA). Group significance levels were assessed with the
one-way analysis of variance (ANOVA). The results were
reported as means (M) and standard deviations (SD). The
Shapiro–Wilk test was used to assess the normal distribution of the variables. A p-value <0.05 indicated statistical
significance. The independent t test was used to determine differences between the groups.

Heart tissue homogenization
The hearts were cleaned with cold isotonic water, packaged in aluminum foil, and then stored at −85°C in a deep
freezer until analysis. Homogenization was performed
at 16,000 rpm. The samples were placed in a refrigerated centrifuge (Kubota, Tokyo, Japan) and centrifuged at
3,220 rpm for 30 min at 6°C. The supernatant 1/1 (v/v)
mixture of chloroform/ethanol (3/5, v/v)17 was transferred to glass tubes, vortexed, and then centrifuged at
3,220 rpm for 40 min at 4°C.

Fig. 2. Experimental protocol
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Results
Both experimental groups showed periodontitis symptoms. Alveolar bone loss occurred more commonly in the
P group than in the PC group (p < 0.05). Inﬂammatory
inﬁltration was observed in the P group as increased
IL‑1β, IL‑10 and TNF-α serum levels as compared to the
control (all p < 0.05). The 3 cytokines were downregulated due to the administration of CAPE. Hence, cytokine
levels were downregulated in the PC group as compared
to the P group (p < 0.05). Additionally, in the PC group,
the antioxidative activity of CAPE was observed through
the highest GSX and GSH-Px serum levels. Since periodontitis was induced without the administration of any
agent, these 2 antioxidants were lower in the P group as
compared to other groups (p > 0.05). The serum levels
of the strongest oxidative marker – MDA – were significantly increased in the P group. For the other 2 groups,
they were higher in the PC group than in the C group,
although the difference was not statistically significant
(p > 0.05).
Indeed, a significant relationship was observed between
periodontitis, ROS and the affected heart in this study. The
heart analysis almost repeated the pattern of the serum
oxidant and antioxidant results. The highest MDA heart
levels were observed in the P group and the lowest in the
C group. However, the differences were not statistically
significant (p > 0.05). These values returned to the original levels after the administration of CAPE. Additionally,
GSH and GSH-Px heart levels were lower in the P group
than in the C and PC groups (p < 0.05). Of course, the PC
group had the highest levels due to oxidative stress. After
the administration of CAPE, both antioxidant parameters
were improved in the PC group (p < 0.05). All group comparisons are shown in detail in Table 1.

Discussion
The objective of this study was to reveal the effect
of CAPE on cytokine levels and the oxidative status in the
serum and heart tissue, using a rat periodontitis model.
Our results demonstrated that CAPE is a good antioxidant and anti-inflammatory agent for decreasing the progression of periodontitis and its related effects on the
heart in rats.
Caffeic acid phenethyl ester produces the most significant anti-inflammatory and antioxidant effects of all extracts of propolis.21 In recent studies using CAPE, it has
been reported that CAPE has a protective effect with regard to cellular mechanisms in which oxidative stress is
increased due to inflammation, and thus CAPE can protect many cell groups, including nerve cells, against oxidative damage.22,23 Caffeic acid phenethyl ester inhibits
the lipoxygenase pathway of arachidonic acid metabolism
and ROS production during inflammation.24 It is a potent
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inhibitor of NF-κB, which plays an important role in bone
destruction. It has been found that these properties are
helpful in healing bone defects and preventing alveolar
bone loss.25,26
Hence, CAPE may be a beneficial additive agent in
treating many diseases. Various studies have shown that
CAPE and propolis reduce pro-inflammatory cytokine
levels.27,28 Caffeic acid phenethyl ester was shown to relieve inflammatory pressure by decreasing the expression of NF-κB and COX-2 in an obese mouse model.29
The cardioprotective effects of CAPE following cardiac
injury have been found to consist in decreasing apoptosis, oxidative stress and cardiomyocyte damage after
suppressing pro-inflammatory cytokines, especially
TNF-α expression.30 In addition, the oxidative stress induced by inflammation can provoke various pathological processes in the heart. The administration of CAPE
was found to decrease MDA levels in aged rat heart.31
Increases in oxidative stress and the inflammatory response can result in CVD or negatively affect their
course. Different studies have reported a possible crossconnection between MDA and heart disease via effects
on genetics and cellular membranes in heart tissue.32
Tomofuji et al. reported that increased LPO products in
periodontal inﬂammation contributed to oxidative DNA
damage in the heart.33
Several studies have indicated that CAPE might be a regeneration alternative for bone resorption, as it improves
the bone healing process and prevents receptor activator for NF-κB ligand (RANKL)-induced osteoclastogenesis. Previous studies have reported stimulating effects
of antioxidants on bone healing in periodontitis.28 The
formation of OH•, H2O2 and O2•− radicals in periodontal
tissue is mainly caused by neutrophils and macrophages.
The O2•− radical is thought to be associated with osteoclastic activity and bone resorption. It starts a dangerous
attack against the host response and causes DNA damage due to enzymatic oxidation, vasodilation, the release
of proinflammatory cytokines, such as IL‑1, IL‑6, IL‑8,
TNF-α, TNF-β, and interferon, through NF-κB-based signal transduction pathways, and LPO activation related to
bone resorption. Uncontrolled LPO can result in oxidative stress that severely damages cell integrity.17
Many studies have highlighted how an increased
amount of pro-inflammatory cytokines can cause periodontal destruction.11,25 The administration of CAPE has
been shown to slow down alveolar bone resorption and
to decrease pro- and anti-inflammatory cytokine serum
levels in periodontitis.28 Caffeic acid phenethyl ester was
also shown to increase the filling rates of calvaria bone
defects in rats.25 Our findings are similar to those of previous research. The highest amount of ABL occurred in
the P group and bone gain started after the administration
of CAPE. Malondialdehyde levels increased and the activity of basic antioxidant enzymes, such as GSH and GSHPx, decreased in experimental periodontitis.15
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Table 1. Comparison of alveolar bone loss (ABL), and cytokine, oxidant and antioxidant levels in the 3 groups (ANOVA)
Variable

ABL
[mm]

IL-1β
[pg/mL]
in the serum

IL-10
[pg/mL]
in the serum

TNF-α
[pg/mL]
in the serum

MDA
[μmol/g of protein]
in the serum

GSH
[μmol/g of protein]
in the serum

GSH-Px
[IU/g of protein]
in the serum

MDA
[μmol/g of protein]
in the heart

GSH
[μmol/g of protein]
in the heart

GSH-Px
[IU/g of protein]
in the heart

Group C

0.118 ±0.040

15.135 ±0.920

1.245 ±0.840

2.536 ±0.470

1.702 ±0.107

2.562 ±0.080

60.361 ±8.962

20.341 ±3.014

6.882 ±1.027

31.346 ±2.726

Group P

0.718 ±0.242

92.231 ±1.730

14.742 ±1.780

16.574 ±0.730

2.462 ±0.270

2.236 ±0.065

50.814 ±11.712

30.346 ±1.726

4.205 ±0.647

29.856 ±2.269

Group PC

p-values

0.319 ±0.031

C vs P (MD: −0.600)
p < 0.05*
C vs PC (MD: −0.201)
p < 0.05*
P vs PC (MD: 0.399)
p < 0.05*

11.248 ±2.180

C vs P (MD: −77.096)
p < 0.05*
C vs PC (MD: 3.887)
p < 0.05*
P vs PC (MD: 80.983)
p > 0.05

2.578 ±0.630

C vs P (MD: −13.497)
p < 0.05*
C vs PC (MD: −1.333)
p < 0.05*
P vs PC (MD: 12.164)
p < 0.05*

2.988 ±0.340

C vs P (MD: −14.038)
p < 0.05*
C vs PC (MD: −0.452)
p > 0.05
P vs PC (MD: 13.586)
p < 0.05*

1.805 ±0.070

C vs P (MD: −0.760)
p < 0.05*
C vs PC (MD: −0.103)
p > 0.05
P vs PC (MD: 0.657)
p < 0.05*

2.851 ±0.219

C vs P (MD: 0.326)
p < 0.05*
C vs PC (MD: −0.289)
p > 0.05
P vs PC (MD: −0.615)
p < 0.05*

80.136 ±5.777

C vs P (MD: 9.547)
p < 0.05*
C vs PC (MD: −19.775)
p > 0.05
P vs PC (MD: −29.322)
p < 0.05*

20.634 ±2.493

C vs P (MD: −10.005)
p > 0.05
C vs PC (MD: −0.293)
p > 0.05
P vs PC (MD: 9.712)
p > 0.05

8.075 ±1.300

C vs P (MD: 2.677)
p < 0.05*
C vs PC (MD: −1.193)
p < 0.05*
P vs PC (MD: −3.870)
p < 0.05*

37.075 ±1.318

C vs P (MD: 1.490)
p < 0.05*
C vs PC (MD: −5.729)
p < 0.05*
P vs PC (MD: −7.219)
p < 0.05*

C – control group; P – periodontitis group; PC – periodontitis + caffeic acid phenethyl ester (CAPE) group; IL – interleukin; TNF-α – tumor necrosis factor-alpha;
MDA – malondialdehyde; GSH – glutathione; GSH-Px – glutathione peroxidase; IU – international units; MD – mean difference; * statistically significant (p < 0.05).
Data presented as mean ± standard deviation (M ±SD).
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Similar to previous studies, the present study found
that IL‑1β, IL‑10 and TNF-α serum levels were high in
periodontitis. In the P group, increased MDA levels and
decreased GSH and GSH-Px levels in the serum and
heart tissue were found. The administration of CAPE to
the PC group not only decreased the levels of MDA in
heart tissue, it also increased GSH and GSH-Px levels in
heart tissue.
A recent meta-analysis reported that an extra missing
tooth due to periodontitis is associated with a 1.5% increment in the risk of heart disease and a 1.5% increment
in the risk of stroke.34 Periodontal disease and CVD have
nearly the same etiology, such as an increased risk with
age, male sex, and history of smoking, diabetes, hypertension, and obesity. The relationship between periodontitis
and CVD may be due to chronic inflammation and recurrent oral bacteremia, as inflammation plays a pivotal role
in the pathogenesis of atherosclerosis.

Conclusions
To the best of our knowledge, this is the first experimental study to assess the effects of CAPE on ABL, cytokine levels and the oxidative status in the serum and
heart tissue in an experimental periodontitis model. Our
results suggest that periodontal infection may affect the
heart due to increased inflammatory and oxidative reactions. We predicted that CAPE would protect periodontal tissues in periodontitis model rats via anti-inflammatory and antioxidant pathways. Caffeic acid phenethyl
ester may induce a good host modulatory response to
periodontitis. Given that the administration of CAPE reduced the inflammatory burden and systemic oxidative
stress affecting heart tissue in our periodontitis model,
these findings suggest that CAPE can protect against the
adverse effects of excessive ROS in periodontitis, such as
oxidative damage to heart tissue in CVD pathogenesis,
etc. Clinical studies further evaluating the relationship
between periodontal disease and CVD are needed to
confirm these findings.
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