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Abstract

Objectives The aim of the present study was to evaluate the antioxidant effect of systemically administered caffeic acid phenethyl
ester (CAPE) in periodontitis.

Materials and methods Forty rats were randomly divided into four groups: control, lipopolysaccharide-induced experimental
periodontitis (LPS), CAPE 5: LPS+5 umol/kg/day CAPE, and CAPE 10: LPS+10 umol/kg/day CAPE. Following
lipopolysaccharide-induced experimental periodontitis, CAPE was administered intraperitoneally for 28 days. Gingival and
serumal total antioxidant status (TAS) and total oxidant status (TOS) were analyzed by enzyme-linked immunosorbent assay
(ELISA).

Results Gingival tissue TAS was significantly higher with CAPE application compared with the LPS group and was highest in
the CAPE 10 group (p<0.05). Gingival tissue TOS was highest in the LPS group, and both of the CAPE dosages decreased the
gingival tissue TOS, with the highest decrease in the CAPE 10 group (p<0.05). The differences were not significant for serumal
TAS or TOS levels (p>0.05).

Conclusions The effect of CAPE on increased TAS and decreased TOS levels in inflamed gingival tissue indicates the antiox-
idant therapeutic potential of CAPE in periodontitis.

Clinical relevance Within the limitations of this study, CAPE may be suggested as an effective host modulator agent for reducing
oxidative stress in gingival tissue and might be considered as an adjunctive therapy in periodontitis.
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Introduction

Periodontal disease is one of the most common chronic dis-
eases and it is usually initiated by microbial dental plaque. It is
now accepted that the tissue destruction in periodontal disease
occurs as a result of host response to specific bacteria and their
products [1], involving the release of proteolytic enzymes and
reactive oxygen species (ROS) [2]. ROS production is a
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normal feature of cellular metabolism and induces oxidative
stress, which leads to excessive DNA damage in periodontal
tissues [3]. The increase in ROS formation and the reduction
in antioxidant capacity increase the risk of destruction of peri-
odontal tissues [4]. The role of antioxidants in both the pre-
vention and treatment of such inflammatory diseases, in which
tissue damage is known to be caused by oxidative stress, has
received much attention from scientists, clinicians, and the
general public [5]. It was aimed to increase antioxidant capac-
ity using diet-derived exogenous antioxidant compounds
against oxidative stress [6]. Due to the fact that dangerously
high doses of antioxidants should be taken in order to create
such a significant antioxidant effect, the search for natural
herbal products that have high antioxidant properties without
any side effects has intensified [7].

Caffeic acid phenethyl ester (CAPE) is a biologically active
ingredient of honey bee propolis. This naturally bioactive and
hydrophobic polyphenolic ester is also found in numerous
plants. CAPE has important biological activities including
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antiviral [8], anti-inflammatory [9, 10], and antioxidant activ-
ities [11], exerting its antioxidant activity by suppressing lipid
peroxidation, scavenging ROS, inhibiting xanthine oxidase
and nitric oxide synthase activities, and preventing the con-
sumption of superoxide dismutase activity [12—14]. CAPE
seems to act as a ROS scavenger and preventer of ROS pro-
duction, consequently resulting in an antioxidant effect direct-
ly or implicitly [15].

Growing evidence suggests that certain pharmacologic
agents could be of therapeutic value as host response modu-
lators in periodontal treatment. Although CAPE has been pre-
viously characterized as having numerous potentially benefi-
cial properties, including antioxidant, anticarcinogenic, im-
munomodulatory, and anti-inflammatory activities in different
disease states and in vitro study designs [8—14], the effects of
CAPE on the course of periodontal disease, especially in an
in vivo model, have not been sufficiently investigated. A very
few in vitro studies have investigated its effect on
periodontopathogens and cellular responses in culture media
[16, 17] and there has been one in vivo experimental peri-
odontitis study [18], but, to the best of our knowledge, the
effect of CAPE on the oxidant status of diseased periodontal
tissues has not been studied before.

Therefore, the present experimental periodontitis model
was used to determine the effect of CAPE application on the
oxidant status of rat gingival tissues and serum.

Materials and methods
Study design

The experimental protocols were designed in accordance with
ethical principles for the use of laboratory animals, as ap-
proved by the Ethics Committee for Animal
Experimentation at Ondokuz Mayis University (approval
number: 2014/29). All experimental procedures were per-
formed at the Ondokuz Mayis University Laboratory of
Experimental Animals Research Center. The biochemical
analysis was carried out in the Department of Medical
Biochemistry of the Faculty of Medicine at Ondokuz May1s
University.

Forty adult (67 weeks old) male Wistar rats (=125 to 150 g)
were housed with food and water ad libitum at a constant room
temperature (22+1 °C) under a 12-h light/dark cycle in individ-
ual cages. The rats were randomly divided into four groups of
ten animals each: (1) control; (2) lipopolysaccharide-induced
experimental periodontitis (LPS); (3) LPS+5 umol/kg/day
CAPE (CAPE 5); and (4) LPS+10 umol/kg/day CAPE
(CAPE 10). The control group did not receive any treatment
until the end of the experiment. Gingival oxidant status was
evaluated based on the total antioxidant status (TAS) and total
oxidative stress (TOS) alterations in healthy and diseased
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conditions. Alveolar bone loss was measured morphometrical-
ly. The animals were anesthetized with ketamine-HCI (75 to
100 mg/kg intraperitoneal injection) and xylazine-HCI (5
mg/kg intraperitoneal injection) sedation on the lipopolysaccha-
ride injection days.

Periodontitis induction and CAPE application

Experimental periodontitis was induced in the left mandibular
molar teeth of all rats except the controls using an endotoxin-
induction model. The method to create periodontitis was cho-
sen so as to obtain localized, controlled, and rapid destruction
[19, 20]. The buccal and lingual gingiva of the first and second
left mandibular molars was injected with 10 mL of a
phosphate-buffered saline (PBS) solution containing 1 mg/
mL lipopolysaccharide from Porphyromonas gingivalis
(InvivoGen, San Diego, CA, USA) using an insulin syringe
equipped with a blunted edge 30-gauge needle to induce peri-
odontitis. This injection was followed by two additional injec-
tions at 48-h intervals for 1 week. The control group received
pure saline by the same route and of the same dosage and
duration. Induction of periodontitis was verified by taking
radiographs 24 days after the last injection. After the experi-
mental periodontitis induction, the LPS group did not receive
any treatment, while the CAPE 5 and CAPE 10 groups con-
tinued with intraperitoneal CAPE injections at the same times
of the day for 28 days until the end of the experiment.

CAPE preparation and administration

The CAPE was supplied by Sigma—Aldrich (C8221, St.
Louis, MO, USA), dissolved in ethanol, and subsequent dilu-
tions were made using saline (0.9% NaCl, w/v). The rats were
weighed with precision weighing scales (Precisa XB 220 A,
Dietikon, Switzerland). CAPE at 5 and 10 umol/kg/day was
intraperitoneally administered once a day for 28 days based on
comparable studies that revealed its anti-inflammatory and
antioxidant properties at similar dosages [15, 21, 22].

Analysis of TAS, TOS, and OSI

At the end of the experiment, the animals were anesthetized
and blood samples were collected from each one via cardiac
puncture. Serum samples were separated by centrifugation
(Shimadzu UV160A, SNo: 28006648, Japan) for 10 min at
3000xg and were immediately stored at —80 °C until use. The
animals were sacrificed using an anesthesia overdose and
neck—vertebra dislocation. Gingival tissues around the left
molar teeth were excised and refrigerated at —80 °C until
use. The TOS and TAS levels of serum and gingival tissues
were measured using commercially available kits (Rel Assay,
Mega Tip, Gaziantep, Turkey) specific for rats according to
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the manufacturer’s instructions. The oxidative stress index
(OSI) is defined as the ratio of the TOS to the TAS level [23].

Morphometric analysis

For the morphometric analyses, left mandibular halves were
boiled for 10 min and the soft tissues were cleaned manually.
Then, the jaw bones were soaked in 0.2 N NaOH solution at
room temperature for 5 min to remove the remaining soft
tissue debris. The alveolar bone height was measured under
a stereomicroscope (Olympus SZ61, Olympus Optical Co.,
Japan) (x40 magnification) by recording the distance from
the cementoenamel junction to the alveolar bone crest.
Measurements were made at three points on the buccal and
lingual sides to quantify the alveolar bone level. The mean
alveolar bone loss (ABL) was calculated around each tooth
[24]. Images were obtained with an Olympus C-5060 digital
camera. ABL was measured by an examiner who was blinded
to the study groups (E.D.).

Statistical analyses

The data were analyzed using statistical software (SPSS V.23,
Chicago, IL, USA). The sample size was calculated based on
the data of a previous study with a similar design to estimate
the sample size [24]. The parameter used for sample size cal-
culation was morphometric analysis of ABL in experimentally
induced periodontitis by lipopolysaccharide in rats. Taking
into account a type I error equal to 0.05, a confidence interval
0f'95%, and a power of 90%, a minimum sample size of 7 rats
per group was necessary. To compensate for possible losses,
three rats were added to each group. The normal distribution
of data was analyzed with the Shapiro—Wilk test. One-way
ANOVA was used to compare the variables showing normal
distribution and a post hoc Tukey test was used for multiple
group comparisons. The variables not showing normal distri-
bution were analyzed by the Kruskal-Wallis test. When there
were significant differences (p<0.05), post hoc two-group
comparisons were assessed using the Mann—Whitney U test
with Bonferroni adjustment and p<0.008 was considered sta-
tistically significant. Spearman correlation tests were used to
identify relationships between the biochemical parameters. A
p value of <0.05 was considered statistically significant. The
data were presented as mean = standard deviation (SD) and
median (min—max).

Results

Alveolar bone loss

Periodontitis developed in all the experimental groups.
Morphometric measurements of ABL demonstrated different

bone levels among the four groups (p<0.01, ANOVA). The
bone level measurement was given as mean = SD. ABL was
significantly higher in the LPS, CAPE 5, and CAPE 10 groups
compared to the control group (»p<0.01 for all, post hoc
Tukey) (Table 1). Although the amount of bone loss was
highest in the LPS group, no differences were detected be-
tween the experimental periodontitis groups depending on
the CAPE application or dosages (p<0.05 for all, post hoc
Tukey) (Table 1) (Fig. 1, Fig. 2).

TAS, TOS, and OSI values

The oxidative statuses of tissue and serum samples of the
study groups are summarized in Table 1 and Fig. 3. The tissue
level of TAS was significantly different among the four study
groups (p<0.001, ANOVA). The highest tissue TAS level was
detected in the CAPE 10 group, followed by the control,
CAPE 5, and LPS groups in that order. The only significant
difference was detected between the CAPE 10 and LPS
groups (p<0.001, post hoc Tukey test).

The four groups differed significantly in terms of tissue
TOS levels (p<0.001, ANOVA). The highest tissue TOS level
was detected in the LPS group and the difference was signif-
icant compared to the other three groups (p<0.001 for each,
post hoc Tukey test). The lowest tissue TOS level was detect-
ed in the control group compared to the LPS and CAPE 5
groups (p<0.01 for each, post hoc Tukey test) and the levels
were similar between the control and the CAPE 10 groups
(p>0.05, post hoc Tukey test).

Tissue OSI values showed statistically significant differ-
ences among the four groups (p<0.001, Kruskal-Wallis test).
The values were highest in the LPS group and the OSI was
significantly higher in the LPS group compared to the control
and CAPE 10 groups (p<0.008, Mann—Whitney U test with
Bonferroni adjustment). The tissue OSI values of the CAPE
10 and control groups were statistically similar (p>0.008,
Mann—Whitney U test with Bonferroni adjustment).

Significant differences were not observed in serumal TAS,
TOS, or OSI values (p>0.05) (Table 1).

Correlations

Correlations between the tissue TOS, TAS, and OSI values
and the morphometric measurements of alveolar bone level
were investigated for each group (Table 2). No correlation test
was performed as there was no statistically significant differ-
ence between the oxidative parameters in serum. In the control
group, a significantly strong negative correlation was detected
between the tissue OSI and tissue TAS. With respect to the
tissue OSI values, there was a strong positive correlation with
the ABL, a strong negative correlation with the tissue TAS,
and a moderate positive correlation with the tissue TOS in the
LPS group. In the CAPE 5 group, the correlation was strongly
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Table 1 The oxidative status of

gingival tissue and serum samples Control LPS CAPE 5 CAPE 10 P values

of the study groups
tTAS 0.22+0.13 0.10+0.05 0.20+0.15 0.42+0.17 0.00*
tTOS 0.02+0.00 0.063+0.02 0.041+0.00 0.024+0.01 0.00*
tOSI 0.06 (0.02-0.27) 0.63 (0.24-7.56) 0.25 (0.06-2.61) 0.09 (0.05-0.49) 0.00%*
sTAS 0.334+0.03 0.29+0.004 0.35+0.05 0.37+0.05 0.06*
sTOS 0.01+0.00 0.01+0.01 0.01+0.00 0.01+0.00 0.75%
sOSI 0.03 (0.02-0.05) 0.03 (0.00-0.07) 0.02 (0.01-0.03) 0.02 (0.01-0.04) 0.37%*
ABL 6.66+1.67 13.09+2.43 11.47+2.53 11.04+1.99 0.00*

LPS, lipopolysaccharide-induced experimental periodontitis; CAPE 5, LPS+5 pmol/kg/day of CAPE-applied
group; CAPE 10, LPS+10 pmol/kg/day of CAPE-applied group; tTAS, total antioxidant status of tissue; t70S,
total oxidant status of tissue; tOSI, oxidative stress index of tissue; s TAS, total antioxidant status of serum; s7OS,
total oxidant status of serum; sOSI, oxidative stress index of serum; ABL, alveolar bone loss

*One-way ANOVA, post hoc Tukey; values are given as mean =+ standard deviation

**Kruskal-Wallis, followed by Mann—Whitney U test with Bonferroni adjustment; values are given as median

(min—max)

positive with the ABL, strongly negative with the tissue TAS,
and weakly positive with the tissue TOS. In the CAPE 10
group, the tissue OSI values revealed a strong positive corre-
lation with the tissue TOS, a moderate positive correlation
with the ABL, and a strong negative correlation with the tissue
TAS.

Discussion

The host modulatory agents that can influence tissue response
may have beneficial effects in blocking the initiation and pro-
gression of periodontal disease. The important role of oxida-
tive stress in the pathologic mechanism of periodontal disease
has been clearly proven in recent years [2—4, 25, 26]. CAPE is

a promising novel extract possessing strong antioxidant, anti-
inflammatory, and healing properties and has been used in
folk medicine for many years [10, 11, 27]. The findings of
the present study revealed that CAPE ameliorated oxidative
stress and had an antioxidant effect in a dose-dependent man-
ner in gingival tissues. To the best of our knowledge, this is
the first in vivo study evaluating the host modulatory effect of
CAPE on the oxidant status of inflamed periodontal tissues. In
the present study, CAPE was shown to have a beneficial effect
on reducing the local oxidant status of gingival tissues in an
experimental periodontitis model.

Antioxidants present a strong defense function against
ROS; therefore, numerous studies have attempted to examine
the role of antioxidants in the treatment of periodontal dis-
eases. It has been shown that supplemental therapies like vit

Fig. 1 Morphometric measurement revealed that alveolar bone loss was greatest in the LPS group (b) and lowest in the control group (a). Bone loss was
not significantly different between the LPS (b), CAPE 5 (c¢), and CAPE 10 (d) groups
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Fig. 2 Alveolar bone loss in the study groups. The groups are defined on
the x axis. The unit for alveolar bone loss is 10" mm

C, vit E, taurine, and lycopene improve clinical parameters,
increase the activities of local and systemic antioxidants, and
decrease the levels of local and systemic ROS, in comparison
with the conventional periodontal treatment [28]. CAPE was
reported to exert its antioxidant activity via several biological

Table 2 Correlations related with tissue TOS and TAS levels, OSI
values, and morphometric measurements
tOSI-ABL tOSI-tTAS tOSI-tTOS
Control r=0.321 r=—0.988 r=0.224
p=0.362 p=0.000 p=0.533
LPS r=0.909 r=—0.827 0.636
p=0.000 p=0.002 p=0.035
CAPE 5 r=0.721 r=—0.976 =0.492
p=0.019 p=0.000 p=0.04
CAPE 10 r=0.697 r=—0.806 7=0.721
p=0.025 p=0.005 p=0.019

Values were calculated using Spearman’s correlation analysis

tTAS, total antioxidant status of tissue; 708, total oxidant status of tissue;
tOSI, oxidative stress index of tissue; sTAS, total antioxidant status of
serum; sTOS, total oxidant status of serum; sOSI, oxidative stress index
of serum; ABL, alveolar bone loss; LPS, lipopolysaccharide-induced ex-
perimental periodontitis; CAPE 5, LPS+5 pmol/kg/day of CAPE-applied
group; CAPE 10, LPS+10 umol/kg/day of CAPE-applied group

mechanisms and cellular interactions [12—14]. In a more spe-
cific manner, CAPE was shown to mediate the nuclear trans-
location of transcription factors such as nuclear factor-kappa
B (NF-«kB) and nuclear factor erythroid 2—related factor 2
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Fig. 3 The oxidative status of tissue and serum samples in the study groups. The results are expressed as mean + SD. The groups are defined on the x
axis. The unit for TAS is mmol TroloxEq/L and for TOS is pmol HO, Eq/L
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(Nrf2) [29] and prevent ROS production. NF-kB is a multi-
unit transcriptional factor that plays pivotal roles in
lipopolysaccharide-induced periodontal inflammation. In
periodontal diseases, bacterial lipopolysaccharide was demon-
strated to activate the NF-«kB signaling cascade, inducing the
secretion of pro-inflammatory cytokines, and consequently
increase the oxidant status of the tissue with inflammatory
response [30]. CAPE suppressed the lipopolysaccharide-
induced toll-like receptor-4 (TLR4)/MyD88 and nuclear fac-
tor kappa B (NF-kB) activation and attenuated the production
of IL-6, IL-8, iINOS, and COX-2 in human gingival fibroblasts
[17]. Nrf2 (encoded by the Nfe2l2 gene) is a transcription
factor responsible for the regulation of cellular redox balance
and protective antioxidant responses [31, 32] and was shown
to be released from its suppressor Kelch-like ECH-associated
protein 1 (Keapl) upon stimulation by CAPE [33, 34]. The
antioxidant effect of CAPE in periodontal disease through the
Nrf2 mechanism has been demonstrated in several studies [35,
36]. CAPE regulated Nrf2 release and initiated the transcrip-
tion of heme oxygenase 1 (HOI1), which in turn activated
cellular defense mechanisms against oxidative stress includ-
ing decreases in superoxide dismutase (SOD), catalase (CAT),
and glutathione S-transferase (GST) expression [35]. From
this point of view, the positive effect of CAPE on reducing
oxidant status becomes prominent in inflammatory periodon-
tal disease.

In the present study, the antioxidant effects of CAPE on
lipopolysaccharide-induced experimental periodontal disease
were investigated for the first time by means of tissue and
serum levels of TAS and TOS and OSI values. CAPE appli-
cation reduced TOS and increased TAS levels only in dis-
eased tissues in a dose-dependent manner. An insignificant
decrease was detected in morphometric measurements in the
same dose-dependent manner. In our study, the decreased OSI
values with CAPE application demonstrated that CAPE coun-
terbalances the oxidant/antioxidant level in a way that reduces
the oxidant status of diseased tissues. In an in vitro study, the
culture supernatant of a murine macrophage cell line was in-
cubated with different doses of CAPE and Prevotella
intermedia lipopolysaccharide for 24 h. CAPE was shown to
exert significant inhibitory effects on P. intermedia
lipopolysaccharide—induced production of nitric oxide. In
the same study, CAPE also decreased the nuclear transloca-
tion of NF-kB with lipopolysaccharide and inhibited
lipopolysaccharide-induced signal transducer [16]. As men-
tioned above, the reduction in the oxidant status and the rela-
tive decrease in the morphometric tissue loss levels can be
attributed to the suppressive effect of CAPE on nuclear trans-
location of the transcription signaling pathways.

The measurements of TAS, TOS, and recently added OSI
in serum and gingival crevicular fluid (GCF) were reported as
reliable methods and proposed as new and practical ap-
proaches to determine oxidative status in periodontal disease
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[23, 37, 38]. The compromised balance of antioxidant and
pro-oxidant species such as decreased TAS and increased
TOS in GCF, saliva, and even in serum samples of the patients
with periodontal disease has been demonstrated [37—40].
Periodontitis was associated with higher values of TOS and
OSI in the GCF and saliva [38, 41]. The findings of the present
study are consistent with the results of previously reported
studies emphasizing that periodontal disease is a pro-oxidant
condition.

According to the findings presented herein, there are posi-
tive moderate correlations between morphometric measure-
ments of ABL and tissue TOS and OSI values, and negative
moderate correlations between ABL and TAS values.
Moreover, there exists a positive strong correlation between
tissue OSI and TOS measurements and a strong negative cor-
relation between tissue OSI and TAS measurements. In agree-
ment with our results, Baltacioglu et al. [38, 41] demonstrated
significant correlations between the gingival inflammation,
periodontal clinical parameters, and GCF and salivary mea-
surements of TAS, TOS, and OSI in periodontally affected
patients. In the light of the previous studies, OSI values were
estimated as a disease marker of ongoing tissue deterioration
and severity because an imbalance between the pro- and anti-
oxidants leads to further oxidative damage and eventually
results in the progressive destruction of periodontal tissues.
OSI is a new parameter suggested to show the level of oxida-
tive stress in disease states [23]. Based mainly on the measure-
ment of oxidant/antioxidant imbalances, the ratio of TOS/
TAS was suggested to be more advantageous and reliable in
determining the oxidant status of tissue, instead of examining
several anti-/pro-oxidant species separately [38]. OSI deter-
mined as a local tissue oxidant stress factor may be an early
and descriptive marker of the initiative or progressive state of
periodontal diseases. CAPE can be a promising natural agent
for a new treatment or host modulatory strategy for inflamma-
tory periodontal diseases by decreasing local periodontal pro-
oxidant state and/or increasing local antioxidant capacity.

In untreated diabetic rats, cardiac tissue levels of
malondialdehyde, superoxide dismutase, and catalase were
reduced, while glutathione peroxidase activity was reduced
in CAPE-treated groups. CAPE was introduced as an amelio-
rating agent in diabetes mellitus and had antioxidant effects
[42]. In an in vitro study, the production of inducible nitric
oxide synthase, an oxidative stress marker, was inhibited by
CAPE in a dose-dependent manner (10-, 20-, 30-uM applica-
tion) in culture supernatants of human gingival fibroblasts
(inhibition increased with increasing dosage) [17]. Yigit
et al. [18] compared low-dose doxycycline (LDD) treatment
with CAPE application to evaluate the latter’s anti-
inflammatory and antioxidant effect as a novel host modula-
tory agent in a ligature-induced experimental periodontitis
model. The CAPE (10 umol/kg) was administered intraperi-
toneally and had greater antioxidant effects than the LDD.
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Serum levels of malondialdehyde decreased, while glutathi-
one and glutathione peroxidase increased, indicating a greater
antioxidant effect than LDD treatment [18]. Those results are
in accordance with our results of a local reduction in TOS.
However, our findings indicate a more specific and local re-
sponse in gingival tissues with systemically administered
CAPE.

The present study is the first study evaluating the positive
antioxidant effect of different dosages of CAPE on gingival
tissue levels of TAS and TOS in a dose-dependent manner in
lipopolysaccharide-induced periodontitis. In the current study,
serum TAS, TOS, and OSI values were also investigated. The
difference between the study groups of serum TAS, TOS, and
OSI values was not statistically significant. It has been stated
that the systemic (intraperitoneal) administration of CAPE in
several experimental designs resulted in decreases in serum
TOS and OSI values and had a positive effect on oxidant
status [43—45]. However, those experiments were designed
using a systemic stimulant such as drug administration, intox-
ication, or disease stimulation to determine the effect of CAPE
on general homeostasis. The stability of the serum oxidant
status in our study can be explained by its being in a system-
ically homeostatic state without fluctuations in serumal oxi-
dant markers. In our experimental model, P. gingivalis lipo-
polysaccharide was locally injected into the gingiva rather
than being reflected in circulation and so no serumal changes
were expected to appear in the same line, which is consistent
with the results previously reported by Buduneli et al. [46],
regardless of what was happening locally in tissues.

Apart from the limitation regarding serum measurements,
different dose groups could not be included in the study, since
there is no study in the literature on ideal dose adjustment for
CAPE. Studies with different doses, durations, and adminis-
tration methods are needed within the limits of the study.
Since our study is the first study investigating the antioxidant
effect of CAPE on periodontal disease, there is a need for
additional studies in which the effects on all periodontal tis-
sues are examined and other host modulatory agents are com-
pared, and dose-dependent/nondependent and systemic ef-
fects are monitored.

Conclusions

Host modulation therapies are an area of considerable interest
in periodontal therapy. In conclusion, CAPE reduced oxida-
tive stress in inflamed gingival tissue in this experimental
periodontitis model, enabling the antioxidant therapeutic po-
tential of CAPE in periodontitis. Modulation of host response
by CAPE may represent an attractive strategy for the treatment
of periodontal diseases and CAPE may be valuable as an
alternative host modulating agent without any known side
effects.
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