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ABSTRACT Objective: This study aimed to investigate the anti-in-
flammatory effect of two different dosages of caffeic acid phenethyl
ester (CAPE) on lipopolysaccharide-induced experimental periodonti-
tis (EP). Material and Methods: Forty Sprague Dawley rats were ran-
domly divided into four groups: control, EP, EP treated with 5
umol/kg/day of CAPE (EP+CAPE 5), and EP treated with 10
umol/kg/day of CAPE (EP+CAPE 10). Followed by the EP, CAPE was
administered intraperitoneally to the EP+CAPE groups for 28 days.
Samples were investigated biochemically using an enzyme-linked im-
munosorbent assay kit and alveolar bone loss was measured morpho-
metrically. Results: In both of the CAPE groups, the levels of
interleukin-1 beta and tumor necrosis factor alpha (TNF-a) in the gin-
giva were significantly lower than those in the EP group (p<0.001).
The decrease in tissue levels of TNF-o was greater in the EP+CAPE 10
group than in the EP+CAPE 5 group in a dose-dependent manner.
Serum analysis of the cytokines showed no significant difference bet-
ween the groups. Conclusion: Within the limits of this study, CAPE
showed an anti-inflammatory effect and is claimed to be a novel agent
in improving the results of periodontal therapy. CAPE may be valuable
as an alternative host modulating agent for the treatment of periodon-
tal disease.

Keywords: Caffeic acid phenethyl ester; periodontal diseases;
interleukin-1 beta; tumor necrosis factor-alpha

OZET Amagc: Bu calisma, 2 farkli dozda kafeik asit fenetil esterin
(KAFE) lipopolisakkarit ile indiiklenen deneysel periodontitis (DP) tiz-
erindeki antiinflamatuar etkisini arastirmay1 amaglamistir. Gereg ve
Yontemler: Kirk Sprague Dawley sicani rastgele 4 gruba ayrilmistir:
kontrol, DP, 5 pmol/kg/giin KAFE ile tedavi edilen DP (DP+KAFE 5)
ve 10 umol/kg/giin KAFE ile tedavi edilen DP (DP+KAFE 10). DP’yi
takiben DP+KAFE gruplarina 28 giin siireyle intraperitoneal olarak
KAFE uygulanmistir. Numuneler, enzim bagli immiinosorbent tahlil
kiti kullanilarak biyokimyasal olarak arastirilmis ve alveolar kemik
kayb1 morfometrik olarak Olgiilmiistir. Bulgular: Her iki KAFE
grubunda da dis eti interlokin-1 beta ve tiimor nekroz faktorii-alfa
(TNF-a) seviyeleri DP grubuna gore anlamli derecede diisiik
bulunmustur (p<0,001). TNF-o’'nin doku seviyelerindeki disiis, doza
baglt bir sekilde DP+KAFE 5 grubuna gére DP+KAFE 10 grubunda
daha fazla olmustur. Sitokinlerin serum analizi, gruplar arasinda
anlamli bir farklilik géstermemistir. Sonug¢: Bu ¢alismanin sinirlari
dahilinde, KAFE’nin antiinflamatuar etkisi gosterilmis ve periodontal
tedavinin sonuglarini arttirmada etkili bir ajan olabilecegi ileri
stiriilmustiir. KAFE, periodontal hastaligin tedavisi i¢in alternatif bir
konak modiile edici ajan olarak degerli olabilir.

Anahtar Kelimeler: Kafeik asit fenetil ester; periodontal hastaliklar;
interlokin-1 beta; tiimor nekroz faktorii-alfa

Periodontitis is a chronic inflammatory disease
initiated by specific plaque bacteria, resulting in grad-
ual breakdown of supporting tissues.! The complex
interaction between dental plaque bacteria and the
host immune response induces production of inflam-
matory mediators such as interleukin-1 beta (IL-1p)
and tumor necrosis factor alpha (TNF-a), which are
well-investigated markers that act to induce break-

down of periodontal tissues.? Levels of these media-
tors have been shown to be elevated in inflamed sites
in comparison to healthy sites in both gingival tissue
and gingival crevicular fluid.>* Inhibition of TL-1p and
TNF-a resulted in decreases in tissue breakdown and
alveolar bone resorption, and antagonists of these cy-
tokines have been reported to be potential therapeutic
choices for blocking the periodontal disease process.’
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Host modulation therapies aim to inhibit the
proinflammatory aspect of the host response as well
as to increase anti-inflammatory responses. For this
purpose, anti-inflammatory drugs, bone-stimulating
agents, and antiproteases have been tested against pe-
riodontal diseases.®’ Due to the potential side effects
of prolonged use of host modulators, there is now
growing interest in natural products with antibacte-
rial and anti-inflammatory effects as well as fewer
side effects for periodontitis treatment.® '

Caffeic acid phenethyl ester (CAPE), an active
component of honeybee propolis extracts, has bene-
ficial properties such as antibacterial, antioxidant, an-
titumor, anti-inflammatory, and immunomodulatory
activity without any known harmful side effects.!*-°
It is commercially sold as a white powder, soluble in
ethyl acetate and ethanol. CAPE has been shown to
reduce proinflammatory cytokines and has antiapop-
totic activity by suppressing NF-kb activation.'®!” Di-
etary intake of CAPE has been suggested as an
alternative therapeutic strategy for treatment of aller-
gic disorders, bronchial asthma, and metabolic alter-
ations caused by obesity and for prevention of
atherosclerosis.!®?° In previous in vivo studies, the
anti-inflammatory and antioxidant properties of
CAPE have been shown to prevent the occurrence of
experimental periodontitis (EP).?'>* However, the ef-
fects of CAPE on tissue destruction and proinflam-
matory responses after periodontitis has occurred are
still unknown. Moreover, no studies have investi-
gated the dose-dependent effect of CAPE on EP.

Therefore, the aim of the present study was to
elucidate the immunomodulatory effect of two dif-
ferent dosages of CAPE on alveolar bone loss, gingi-
val tissue, and serum levels of IL-1B and TNF-a in
rats with EP.

I MATERIAL AND METHODS

ANIMALS AND EXPERIMENTAL DESIGN

The study protocol was approved by the Ondokuz
Mayis University Ethics Committee for Animal Ex-
perimentation (no: July 24, 2014, no: 2014/29) and
all the experimental procedures were conducted in
accordance with the standard established guidelines
of the Laboratory Animal Care Committee of the
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Faculty of Medicine and the Helsinki Declaration for
experimental studies. All experimental procedures
were performed at Ondokuz Mayis University Labo-
ratory of Experimental Animals Research Center.
The biochemical analysis was carried out in Ondokuz
Mayis University Faculty of Medicine Department of
Medical Biochemistry.

Forty adult (6-7 weeks old) male Sprague Daw-
ley rats (=125 to 150 g) were housed with food and
water ad libitum at constant room temperature (22+1
°C) under a 12-h light/dark cycle in individual cages.
The rats were randomly divided into four groups of
ten animals each: control, EP, EP treated with 5
umol/kg/day of CAPE (EP+CAPE 5), and EP treated
with 10 pmol/kg/day of CAPE (EP+CAPE 10) based
on our previous study with a similar design.>* Proin-
flammatory cytokine profiles of gingival tissues were
evaluated according to the IL-1B and TNF-a alter-
ations in healthy and diseased conditions. Alveolar
bone loss was measured morphometrically. For all in-
vasive and surgical interventions, the animals were
anesthetized with ketamine-HCI (75 to 100 mg/kg in-
traperitoneal injection) and xylazine-HCI (5 mg/kg
intraperitoneal injection) sedation.

INDUCTION OF EP

EP was induced in the left maxillary molar teeth of all
rats except the control group using an endotoxin-in-
duction model.>>** A commercially available Por-
phyromonas gingivalis lipopolysaccharide (LPS)
(Invivogen, San Diego, CA, USA) was injected into
the palatal gingiva between the first and second
maxillary molars on the left side as 10 ul of endo-
toxin solution (1 mg/mL prepared in saline) every
other day for 5 days (three injections in total).
Saline was injected into the control rats in the same
way and at the same times. The injections were ad-
ministered using an insulin syringe equipped with a
blunted edge 30-gauge needle. Periodontitis induc-
tion was verified by radiographs taken 24 days after
the last injection.

PREPARATION AND ADMINISTRATION OF CAPE

CAPE was obtained from Sigma-Aldrich (C8221, St
Louis, MO, USA), dissolved in ethanol, and subse-
quent dilutions were made using saline (0.9% NacCl,
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w/v). Weights of the rats were determined with pre-
cision weighing scales (Precisa XB 220 A, Dietikon,
Switzerland). After EP induction, the EP group did
not receive any treatment, while the EP+CAPE 5 and
EP+CAPE 10 groups continued with CAPE injec-
tions until the end of the experiment. CAPE in
dosages of 5 and 10 umol/kg/day was intraperi-
toneally administered to the EP+CAPE 5 and
EP+CAPE 10 groups, respectively, once a day for 28
days.?!2#?728 The control and EP groups received the
same volume of saline intraperitoneally at the same
times. A flow chart summarizing the study is given in
Figure 1. The procedures were successfully per-
formed without any significant problems and all an-
imals survived until sacrifice.

GINGIVA/SERUM SAMPLES AND DETERMINATION
OF CYTOKINE LEVELS

At the end of the experiment, the animals were anes-
thetized and blood samples were collected from each
one via cardiac puncture. Serum samples were sep-
arated by centrifugation (Shimadzu UV160A, SNo:
28006648, Japan) for 10 min at 3,000xg 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 stored
refrigerated at -80 °C until use. IL-13 (ELISA kit;
eBioscience An Affymetrix Company, Cat No.
BMS630/BMS630 TEN, Vienna, Austria)
and TNF-a (ELISA kit; eBioscience An
Affymetrix Company, Cat No. BMS622/BMS622
TWO/BMS622 TEN, Vienna, Austria) levels in the
serum and gingiva were determined using ELISA kits
specific to rats according to the manufacturer’s in-
structions.

&

P

<=
L]

# Creation of groups

l Injection of LPS (1, 3, 5th days; Group B, C, D

= Application of CAPE (from 29th day to 57th day; Group C,D
0  Sacrification

FIGURE 1: Flow chart of the study.
LPS: Lipopolysaccharide; CAPE: Caffeic acid phenethyl ester.
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MORPHOMETRIC ANALYSIS

The maxilla was dissected and then the left halves
were boiled for 10 minutes and the soft tissue was re-
moved manually. Then the jawbones were soaked in
0.2 N NaOH solution at room temperature for 5 min-
utes to remove the remaining soft tissue debris. The
alveolar bone height was measured under a stere-
omicroscope (Olympus SZ61, Olympus Opticalco,
Japan) (40x magnification) by recording the distance
from the cementoenamel junction to the alveolar
bone crest (Figure 2). Measurements were made at
three points on the buccal and lingual sides to quan-
tify alveolar bone level. Mean alveolar bone loss
level was calculated around each tooth. Images were
taken with an Olympus C-5060 digital camera. Alve-
olar bone loss was measured by a single examiner
(ED) who was blinded to the samples.

STATISTICAL ANALYSES

The data from all groups were imported to SPSS for
Windows version 23.0 (SPSS Inc., Chicago, IL,
USA). The normal distribution of data was analyzed
with the Shapiro-Wilk normality test. One-way anal-
ysis of variance was used for comparing the values
that fit a normal distribution and Tukey’s HSD test
was used for multiple comparisons. The data were
presented as meantstandard deviation. Differences
were considered statistically significant at p<0.05.

I RESULTS
MEASUREMENT OF ALVEOLAR BONE LOSS

Alveolar bone loss demonstrated different values
between the groups. Pairwise analysis of the groups
revealed lower bone loss in the control group com-
pared to the EP, EP+CAPE 5, and EP+CAPE 10
groups. However, the difference between the EP
groups was not statistically significant (Table 1,
Figure 2, Figure 3).

IL-1B AND TNF-A FINDINGS

IL-1p and TNF-a levels in the gingival tissue were
significantly different between the groups (p<0.05).
Cytokine levels were highest in the EP group fol-
lowed by the EP+CAPE 5, EP+CAPE 10, and the
control groups, in that order. IL-1B levels were not
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TABLE 1: Comparison of cytokine and alveolar bone loss values between the groups.

Control EP EP+CAPE 5 EP+CAPE 10 p value
Alveolar bone loss (10-1 mm) 7.241.3 12.2+3.7° 12.2+3.2° 11.1£2.0° <0.001 *
Gingival IL-1B (pg/mg prot) 36.748.3° 160.2+47.2¢ 102.3+29.4¢ 88.4+20.8° <0.001*
Gingival TNF-a(pg/mg prot) 72.1£3.01 135.14.19 99.4+6.2" 87+5.0¢ <0.001*
Serum IL-1B (pg/mL) 27.8+13.9 35.119.1 25.8+8.3 26.08.1 0.377
Serum TNF-a (pg/mL) 56.9+1.1 58.9+3.3 58.5+1.5 57.5+1.1 0.127

The results are presented as meantstandard deviation; EP: Experimental periodontitis; CAPE: Caffeic acid phenethyl ester; EP+CAPE 5: EP group with 5 umol/kg/day of CAPE;
EP+CAPE 10: EP group with 10 umol/kg/day of CAPE; IL-1B: Interleukin-1 beta; TNF-a: Tumor necrosis factor alpha; There is a significant difference between a, b, ¢, d, e, f, g, h, and
k; There is no difference between the groups with the same letters; Tukey’s HSD test (p<0.05).

FIGURE 2: Representative photographs of the alveolar bone loss in the ma-
xillary first molar tooth in the control (A), EP (B), EP+CAPE 5 (C), and
EP+CAPE 10 (D) groups. The distance between the cemento enamel junc-
tion and alveolar bone crest was measured to calculate the alveolar bone
loss. Alveolar bone loss was lowest in the control group (a) (A). The diffe-
rence in bone loss was not significant between the EP, EP+CAPE 5, and
EP+CAPE 10 groups (B, C, D).

EP: Experimental periodontitis; CAPE: Caffeic acid phenethyl ester.
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FIGURE 3: Comparison of the alveolar bone loss between the groups. Gro-
ups are defined on the x axis. The results are presented as meanzstandard
deviation. A significant difference was seen between the control and the EP,
EP+CAPE 5, and EP+CAPE 10 groups (p<0.05) (a, b).

ABL: Alveolar bone loss; EP: Experimental periodontitis; CAPE: Caffeic acid
phenethyl ester.
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significantly different between the EP+CAPE groups
(»p>0.05). However, TNF-a levels of gingival tissue
in the EP+CAPE 10 group were lower than those in
the EP+CAPE 5 group (p<0.05). There were no sta-
tistically significant differences between the cytokine
levels in serum (p>0.05) (Table 1, Figure 4).

I DISCUSSION

Based on the fact that CAPE has anti-inflammatory
and antioxidant activity against many chronic diseases,
our study was designed to examine the effect of CAPE
on inflammatory periodontal disease.'>'*!® For this
purpose, two different therapeutic dosages based on
previously published studies were selected to deter-
mine its effect on gingival tissue and serum levels of
IL-1B and TNF-a.*?7*8 The findings clearly demon-
strated that CAPE reduced the levels of IL-1p and
TNF-a in inflamed gingiva but had no beneficial effect
on serum cytokine levels or the present alveolar bone
loss. In addition, the decrease in TNF-a. in gingival tis-
sue was greater in the 10 umol/kg/day CAPE group.
This finding supports the idea that CAPE is able to re-
duce host inflammatory mediators (IL-1 and TNF-a)
in response to both bacterial and host inflammatory
signals. To the best of our knowledge, this is the first
in vivo study to evaluate the host modulatory effect of
two different dosages of CAPE on the inflammatory
statuses of inflamed periodontal tissues.

Due to the well-known interaction between the
pathogenesis of periodontitis and the host immune re-
sponse, there is growing interest in natural host mod-
ulatory agents that may control periodontal disease
or prevent further breakdown of the surrounding tis-
sues.””** Numerous studies have shown the antibac-
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FIGURE 4: Comparison of the gingival tissue levels of (A) IL-1 and (B) TNF-a. The values are presented as meanzstandard deviation. IL-1B and TNF-a levels
in gingival tissues were significantly different between the groups (p<0.05) (c, d, ¢, f, g, h, k). IL-1B levels were not significantly different between the EP+CAPE
5 and EP+CAPE 10 groups (p>0.05) (e). TNF-a values were significantly different between the EP+CAPE 5 and EP+CAPE 10 groups (p<0.05) (h, k).

IL-1B: Interleukin-1 beta; TNF-a: Tumor necrosis factor alpha; EP: Experimental periodontitis; CAPE: Caffeic acid phenethyl ester.

terial, antifungal, and anti-inflammatory effects of
plant extracts in maintaining gingival health.?!-33

CAPE, one of the most abundant active compo-
nents of propolis, was introduced as an antibacterial,
antioxidant, anti-inflammatory, and immunomodula-
tory naturopathic medicine.®!'*!® However, there is
limited understanding of its potential mechanisms
and there are only a few studies about its efficacy in
periodontitis.?!>*3* Choi et al. reported that CAPE ex-
erted significant inhibitory effects on increased pro-
duction of NO, IL-1B, and IL-6 and recommended it
as a potential host modulatory agent for the treatment
of periodontal disease.**

In studies involving EP, a single dosage of
CAPE (10 umol/kg/day) was administered concur-
rent with induction of EP.?'">* The present study ex-
amined whether the suppressive effect of CAPE on
proinflammatory cytokines was related to the dosages
that were applied and the concentrations of CAPE
were based on previously published studies that re-
vealed its anti-inflammatory and antioxidative ef-
fects.!?2%2* A previous investigation showed that
CAPE suppressed the release of proinflammatory cy-
tokines in hypertrophic adipocytes with LPS-stimu-
lated RAW 264.7 macrophage cell lines, and a 10
pmol concentration of CAPE decreased the levels of
TNF-a; however, the same effect was not observed
with 5 umol. IL-1p was significantly suppressed by
both the 5 and 10 pumol CAPE concentrations.** Both
dosages (5 umol/kg/day and 10 pmol/kg/day) were
reported to reduce tissue TNF-a levels and the higher
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dosage caused a significantly greater reduction in a
study evaluating the anti-inflammatory activity of
CAPE at two different dosages in rats with pul-
monary fibrosis.?® Consistent with these reports, both
5 and 10 umol concentrations of CAPE were effec-
tive for reducing the tissue levels of IL-1p and TNF-
a, although 10 pmol gave a more meaningful
decrease in the tissue levels of TNF-a.

Some studies have shown that serum proinflam-
matory cytokine levels increase or do not change with
periodontal disease.*** In our study, no difference
was observed between the experimental groups in
terms of serum cytokine levels after CAPE applica-
tion, in contrast to previous studies reporting a posi-
tive effect of CAPE on serum levels of IL-1B in
EP.21:2 The stability of the serum cytokines in our
study can be explained by the systemically homeo-
static states with no fluctuations in the serum mark-
ers. In our experimental model, LPS from P
gingivalis was locally injected into the gingiva rather
than being reflected in circulation. Therefore, no
serumal changes were expected to appear regardless
of what was happening in tissue locally or changes
were too small to be detected by the assay kit. The
LPS groups had pronounced bone loss in comparison
to the control group; however, the serum levels of IL-
1B and TNF-a remained unchanged in these groups.
Another reason for the same serum levels might be
the time that the serum samples were collected. The
fact that these samples were collected 52 days after
the final injections of LPS might explain why the
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serum levels of these cytokines subsided. In the pre-
sent study, the ineffectiveness of CAPE application
on serum cytokine levels was also consistent with the
unchanged bone destruction in the experimental
groups.

In contrast to previous studies, our study found
that CAPE had no effect on alveolar bone healing,
even though the proinflammatory challenge in tissue
was diminished. These different results in compari-
son to the other studies can be explained by the dif-
ference in the timeline of the CAPE application and
the induction of the EP.2"* In previous studies CAPE
was applied at the same time as the EP stimulus.
However, clinically, patients with periodontitis gen-
erally present to clinics with existing alveolar bone
loss, and for this reason it is important to find out how
CAPE affects alveolar bone after the disease has oc-
curred. The same alveolar bone loss among EP and
EP+CAPE groups was the result of existing break-
down prior to CAPE application. These results may
indicate that CAPE has a positive effect when ad-
ministered before bone destruction, but shows no
positive therapeutic effect on existing alveolar bone
loss.

Differently from the previous studies, the effect
of two different dosages of CAPE were evaluated on
gingival tissue IL-1B and TNF-a levels as well as
serum levels.?"> The present study confirms the re-
sults of our previous study showing the antioxidative
effect of CAPE in the same experimental procedure
and is the first report showing the gingival tissue lev-
els of the inflammatory markers IL-1f3 and TNF-a
after CAPE application.”

Our study has a number of potential limitations,
such as the same dosages of CAPE might also have
been applied to another experimental group prior to
EP induction and the conservative effect of CAPE
might have been followed using different dosages.
There is a need for additional studies with other rel-
evant inflammatory markers and other underlying
mechanisms for alveolar bone loss in comparison
with other host modulatory agents.

This is the first study to evaluate the anti-in-
flammatory effect of systemically administered
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CAPE on gingival tissues after EP has occurred, and
the results clearly indicate that the effects of CAPE
can be dose-dependent with regard to attenuating
LPS-induced periodontitis in rats. The underlying
mechanisms of the protective effect of CAPE may be
attributed to modulation of the IL-1p and TNF-a lev-
els. Therefore, CAPE could be considered a valuable
novel agent for the prophylaxis or treatment of peri-
odontitis.

I CONCLUSION

Host modulation therapies are an area of consider-
able interest in periodontal therapy. In conclusion,
CAPE reduced IL-1p and TNF-a in this experimen-
tally induced periodontitis rat model. The 10 umol
concentration of CAPE appeared to have a greater
reducing effect on gingival TNF-a. The modulation
of host response by CAPE may represent an at-
tractive strategy for the treatment of periodontal
disease and may be valuable as an alternative host
modulating agent without any known side effects.
However, further work is required to better under-
stand the possible mechanisms behind its clinical suc-
cess.
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