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ABSTRACT

Aim of the study Lesions such as intraoral buccal mucositis encountered during radiotherapy after head and
neck cancers are challenging regarding the prognosis and patient survival. For this purpose, the effectiveness of
propolis containing high caffeic acid phenyl ester on buccal mucositis was investigated in a rodent model.
Material and methods In the study groups, which comprised nine rats each, radiotherapy (15Gy) was delivered
to the head and neck regions. In two of the study groups 100 and 200 mg/kg propolis were administered
systemically for 14 days. In the harvested buccal mucosa samples, proinflammatory markers (interleukin-6 [IL-
6], myeloperoxidase [MPOQ], tumor-necrosis factor-o. [TNF-a]) were analyzed with Enzyme Linked-Immuno-
Sorbent Assay method, and tissue samples were stained with Hematoxylin-eosin and classified regarding the
inflammation scores. Results The tissue levels of IL-6, MPO, and TNF-a significantly decreased in a dose-
dependent manner in experimental groups (P = 0.001, P = 0.016, P = 0.001, respectively). Also, the
inflammation scores were highest in Group 2 (P = 0.002), whereas Groups 3 and 4 had the lowest (P = 0.012).
Conclusions Aqueous propolis extract containing high caffeic acid phenyl ester can prevent lesions with its
superior anti-inflammatory and free radical scavenging properties. The administration of aqueous propolis
containing high caffeic acid pheny! ester decreased the inflammatory responses in a dose-dependent manner.
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INTRODUCTION

Radiation therapy following surgery is a
standard treatment modality applied in the
head and neck cancers (1). Even, at later
stages of cancer, due to the inoperable
conditions radiotherapy may become the only
option (2). Although in conjunction with
surgery radiotherapy offers high rates of cure,
but may induce complications like nausea,
vomiting, weight loss, myelosuppression, and
mucositis (3). Oral mucositis is one of the
most common complications and develops in
approximately 80% of patients who receive
radiation therapy for head and neck cancers
(4). Oral mucositis, is a dysfunction whose

nature, duration and severity cannot be
determined exactly, and it varies depending
on the treatment method and the patient (5).
However, hospitalization rates due to
mucositis lesions were reported up to 16%.
Seventy percent of patients with grade 3-4
radiation-induced mucositis (RIOM) in need
of feeding tube insertion (6).

Oral mucosa constitutes of rapidly
proliferating cells. Hereby, mucositis usually
develops 2-3 days after initiating
radiotherapy. In general, the lesions are
frequently observed in the non-keratinized
buccal mucosa, anterior part of the tongue
and areas such as the floor of the mouth, but
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can also be seen in keratinized areas like the
dorsum of tongue (3). While erythema, mild
pain and taste sensation alterations are
observed around 20 Gy in conventional
fractionated radiotherapy (in 1-2 weeks); At
30-40 Gy, patchy mucositis,
pseudomembrane formation, severe pain and
ulceration are observed (4). In the later
stages, symptoms like deep inflamed
ulcerations and hemorrhage may accompany
RIOM (5). Also, the addition of concurrent
chemotherapy regime, accelerated
fractionation and hyperfractionation
applications increase the incidence and
severity of mucositis (7). Nevertheless, the
long term prognosis of RIOM is considered
good due to self-limiting nature. Usually, the
RIOM recess within 2-4 weeks following the
cessation of radiotherapy (8). However, the
lesions may prevent or complicates the usual
course of radiotherapy from various aspects,
such as radiation dose alterations, and
changes in dose fractionation. Besides, RIOM
poses risks for the patient's systemic health,
such as malnutrition, dehydration, and
prolonged hospitalization for total parenteral
nutrition (9).

The pathophysiology of RIOM remains
unclear. Recently, some studies proposed a
pathogenesis constitute of four phases. Due to
the hypothesis, initially an inflammatory
phase initiates by radiotherapy induced tissue
damage, and damage causes the release of
inflammatory cytokines such as interleukin
(IL)-1, prostaglandins, and tumour necrosis
factor-a (TNF-a) (10). Although RIOM is a
self-limiting disorder, it could be a fatal
damage in moderately to severely ill patients
in which RIOM mandates cessation of
radiotherapy and even intensive care
admission. Also, patient losses may become
inevitable in such cases (8).

In 2020, MASC/ISOO systematically
reviewed the treatment modalities for RIOM

and grouped under 8 headings in the clinical
practice guideline (11). One of these headings
is natural and miscellaneous agents. Propolis,
one of the products evaluated under the title,
and it was stated that new evidence was
identified but more data is needed for
recommendation  (11). Propolis is an
adhesive, dark-coloured resin formed by
honey bees use in the hive for various
purposes, composed by the mixture of the
products they collect from plants and their
saliva.  Anti-inflammatory,  antioxidant,
antibacterial, antiviral, antifungal,
immunomodulatory, and  antimutagenic
effects of propolis have been demonstrated
(12). Propolis reveals its anti-inflammatory
effects by restraining prostoglandin synthesis,
promoting the phagocytic capacity of immune
cells, inducing cellular immunity, and
improving the healing capacity of epithelial
tissues (12).

Considering the pathobiology of RIOM,
the current experimental animal study was
designed to investigate the suppressive effects
of propolis on pro-inflammatory cytokines
and apoptosis that occur in primary damage
and ulcerative phases, and possible positive
effects on healing of lesions. The primary aim
of the study is to examine the effects of
propolis on inflammation in the buccal
mucosa, which is one of the areas with the
most RIOM observed, and the secondary aim
is to examine its effects on biochemical
changes in the affected tissue.

MATERIAL AND METHODS

The current study was an in vitro study
which was conducted between February -
May 2021 in the Tokat Gaziosmanpasa
University Experimental Medicine Research
and Application Center. The study design was
approved by  Tokat  Gaziosmanpasa
University Animal Experiments Local Ethics
Committee with decision number: 51879863-
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221. All experimental applications were
conducted in accordance with  Tokat
Gaziosmanpasa  University  Faculty of
Medicine, Experimental Medicine Research
Unit Directives, Tokat Gaziosmanpasa
University Animal Experiments Local Ethical
Committee Establishment and Operation

Directive, and European Commission
Directive 86/609/EEC for animal
experiments.
Animals

The study was performed with aged 7-12
weeks and weighing 230-300 g 34 male
Wistar-Albino rats. After two weeks of
acclimatization housed in metal laboratory
cages under standard conditions (temperature:
22+2°C, dark/light cycles: 12/12 hours) with
access to food and water ad libitum. The rats
were randomly assigned to the four
experimental groups. Seven rats were in the
control group (Group 1) and 9 rats were in
each experimental groups. In Group 2 (n=9)
radiotherapy was delivered solely to the head
and neck region, in Group 3 (n=9)
radiotherapy was applied in the same manner
and 100 mg/kg/ml  propolis  was
systematically administered for 2 weeks, in
Group 4 (n=9) radiotherapy was applied in
the same manner and 200mg/kg/ml propolis
was systematically administered for 2 weeks.
The water-soluble propolis extracts were
acquired in form of Bee’O water-soluble
droplets 10%, 20 ml (SBS Scientific Bio
Solutions Industry and Trade Inc., Istanbul,
Turkey). The rats were administered with
propolis due to determined doses by oral
gavage once in every day. The rats in control
group were administered with 40 mg/kg
saline solution by oral gavage. At the end of
study protocol on 14th day the rats were
sacrificed following injections of high-dose
anaesthetics and buccal tissue samples were
harvested (Fig. 1).

Figure 1. Harvesting a tissue sample
from a sacrificed rat.

Irradiation model

The experimental radiotherapies were
conducted in  Tokat Gaziosmanpasa
University, Faculty of Medicine, Department
of Radiation Oncology under the supervision
of a radiation oncologist (G.G.A). The rats
were anesthetized and stabilized in prone
position for proper irradiation of the head and
neck regions. The target volume was drafted
with the 3D conformal radiotherapy
technique from two areas using 6 MV photon
energy to avoid irradiation the brain and eyes.
Twenty seven rats in experimental groups
were irradiated on a single plan and same
position in the Varian Clinac DHX 5776
LINAC device (Varian Medical Systems Inc.,
Palo Alto, CA, USA) with 15 Gy in a single
fraction. The radiation dose and application
method were obtained from previous studies
(13).

Experimental Design

The study was conducted in two stages;
First stage — proinflammatory markers (IL-6,
myeloperoxidase [MPO], and TNF-o) were
biochemically analyzed in the harvested
tissue samples. Second stage —tissue sample
inflammation scores were analyzed regarding
intra- and intergroup differences.

Biochemical Analysis

The tissue samples obtained from buccal
mucosae were stored at -80 OC until needed
for analysis. Buccal mucosa samples were
homogenized with 50 mM Tris-HCI (pH=7.4)
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buffer at 1/10 ratio, while preventing
temperature rise using ice slush. In order to
obtain supernatants, the homogenates were
centrifuged at 3208g + 4 °C for 15 minutes.
In buccal mucosa supernatants IL-6, MPO,
and TNF-a (BT Lab Immunoassay, Shanghai,
China) levels were investigated by Enzyme
Linked-Immuno-Sorbent  Essay (ELISA)
method at 450 nm. Sample concentrations
were reckoned utilizing the standard curve
formula from the sample absorbances. The
results were indicated as the ratio of buccal
mucosa sample results to the total protein.

Histomorphological Analysis

The samples from buccal mucosae of the
anesthetized rats were harvested prior to the
scarification. The samples were immediately
transferred in to the 4% buffered neutral
formalin solution and fixed for 72 hours.

After completion of the fixation the
samples were washed with running tap water,
kept in increasing alcohol series (70%, 80%,
90%, 100%) respectively, transparentized in
three separate xylene series, and clean
paraffin blocking processes were performed
after paraffin impregnation in three molten
separate paraffin series. Consecutive thin
serial sections of 5um thickness were
obtained from the paraffin-blocked buccal
mucosa tissue samples with a rotary
microtome (Leica RMZ2125 RTS, Leica
Biosystems, Deer Park, IL, USA). Finally the
sections were placed on grinded frozen slides
and turned into preparations that could be
stained histologically and microscopically
analyzed.

Haematoxylin-eosin Staining

The sample mounted slides were heated at
60 OC and passed through xylene solution
(3x5  min) for deparaffinization. The
deparaffinized samples were rehydrated by
passing decreasing alcohol series (100%,
90%, 80%, and 70% respectively) for 5 min,
and immersing in distilled water.

The rehydrated samples were kept in
haematoxylin solution for 10-15 min., washed
under running tap water for 5 min., immersed
in distilled water, kept in eosin solution for 3
minutes. To detract excess dye, the samples
were washed with distilled water for several
times. The samples were respectively
immersed in 70%, 80% and 90% for 1 min.,
95% alcohol for 3 min., and in absolute
alcohol solution for 5 min. The samples were
kept in xylene solutions thrice for 5 min., the
mounting medium Entellan™ (Merck KGaA,
Darmstadt, Germany) was dropped on, and
covered with a cover glass.

Histopathological Analysis

The stained samples were histologically
analyzed by a research light microscope
(Nikon Eclipse E200, Nikon Instruments Inc.,
Melville, NY, USA) mounted 40X and 100X
lenses, and screenshots of the samples were
obtained with a software (NIS-Elements,
Nikon Corporation, Tokyo, Japan) integrated
into the microscope. The sample analyses
were blindly performed by a histologist (F.G)
on an average of 6-7 consecutive sections for
each rat and in randomly determined five
different areas in each section. The samples
were scored according to the criteria adopted
from Cetinkaya et al. (14) (Table 1).

Table 1. Inflammation Scoring System.

Score Inflammation grade

0 None

1 Giant cells, Lymphocytes, Plasma cells

2  Giant cells, Plasma cells, Eosinophils,

Neutrophils

3 Many inflammatory cells, Microabcess
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Statistical Analysis

The required sample size was calculated
based on a previous study (15) using
G*Power 3.1 (16) with an alpha value of
0.05, and statistical power of 90%; a
minimum of 32 animals was determined. The
sample size was increased with two animals,
taking into account possible loses during the
trial period, resulting in 34 animals. The
obtained results were analyzed regarding
normality distribution by Shapiro-Wilk test
and validated by Skewness-Kurtosis values
(considered normal with values between -1.5
and +1.5). The homogeneity of variances (for
IL-6, MPO, and TNF-a values) were also
verified. The ANOVA test was utilized and
followed by post-hoc Tukey HDS and
Dunnett T3 tests to determine the differences

between the study groups. Also, non-
quantitative data (tissue inflammation scores)
were analyzed with chi-square (%2) test. IBM
SPSS version 22 (IBM SPSS Inc., Chicago,
IL, USA) software was used for statistical
analyzes. P values obtained below .05 were
considered significant.
RESULTS

Tissue Inflammatory Biomarkers

Significant differences were observed in
systemically propolis administered rats’ tissue
IL-6, MPO, and TNF-o values (p=0.001,
p=0.016, p=0.001 respectively). Also, inter-
group comparisons revealed significant
differences. The group 4 in which 200
mg/kg/ml propolis was administered, differed
significantly in comparison with the other
study groups (Table 2).

Table 2 The correlations between study groups, and tissue pro-inflammatory cytokines. (SD:
standart deviation, IL-6: Interleukin 6, MPO: Myeloperoxidase, TNF-a: Tumour necrosis factor-
alpha).

Variables N Mean SD P-value Post hoc (Dunnett T3)
Group 1 7 59.03 28.81
Group 2 9 93.41 3.49 Group 2/Group 4
IL-6 0.001*
Group 3 9 92.7 12.38 Group 3/Group 4
Group 4 9 66.93 21.21
Group 1 7 205.37 86.08
Group 2 9 313.61 16.4
MPO 0.016* Group 2/Gorup 4
Group 3 9 256.27 75.79
Group 4 9 227.61 74.51
Group 1 7 2079.85 896.55
TNF-a Group 2 9 3197.83 209.73 0.001* Group 2/Group 4
Group 3 9 2917.94 378.05

10
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Group 4 9 2235.59

663.26

+ indicates P values below 0.05 obtained by ANOVA tests, as means that there are statistically significant differences between the groups mentioned

on the right. Group 2=15 Gy Radiotherapy group; Group 3=15 Gy Radiotherapy+systemic application of propolis extract at a dose of 100 mg/kg/ml

for 2 weeks; Group 4=15 Gy Radiotherapy+systemic application of propolis extract at a dose of 200 mg/kg/ml for 2 weeks.

Tissue Inflammation Scores

In the Group 1, a normal histological
structure of the oral mucosa epithelium and
lamina propria with a regular appearance in
all directions and a histologically normal
buccal mucosa were observed. (Fig. 2 G1)
Regarding the tissue inflammation, no signs
were observed throughout the tissue, which is
compatible with general tissue integrity.

In the irradiated Group 2, general tissue
disorders were observed in the form of
diffuse and local intense inflammatory cell
infiltrations in some areas, micro-abscesses,
numerous macrophage cells, necrotic areas,
congestion and oedema. In the buccal mucosa
epithelial tissue, especially in epithelial cells,
deformation, ulceration, albeit rare, decrease

in epithelial layer and thickness, and tissue
damage such as deep and long papillary
recesses in some places were observed (Fig. 2
G2). The tissue inflammation scores of the
Group 2 were statistically significantly higher
than the other study groups (Table 3,
p=0.002).

The tissue damages, inflammation, and
histological deteriorations were observed
significantly decreased in the propolis
administered groups (Group 3 and 4)
regarding Group 2 (p=0.012). The

enhancement in the Group 3 and 4 was very
similar to each other, and the difference was
not statistically significant (p > 0.05).

Figure 2 Representative microscopic images indicating histomorphological changes in study
groups. (Ep: epithelium, Lp: Lamina propria, Ms: Muscle). G1: control group, G2:
Radiotherapy, G3: 100 mg/kg/ml propolis, and G4: 200 mg/kg/ml propolis. In G1, normal

11
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histological buccal mucosa pattern is observed. In G2, histopathological alterations such as,
dense inflammatory cells (yellow arrows), micro abscesses (black arrows), necrotic areas
(yellow stars), epithelial irregularity, and decrease in epithelial tissue thickness were evident.
However, in G3 and G4, the tissue damage was greatly reduced and the normal appearance is
mostly seen as a normal buccal mucosa histological pattern.

Table 3 The correlation between the study groups and tissue inflammation scores

Inflammation scores Groupl Group2 Group3 Group4 Total Va|lFJ)(;
N . 4 0 0 0 4
one (Score:0) 57.1% 0% 0% 0%  11.8%
Giant cells, 3 0 3 2 8
Lymphocytes, Plasma 42.9% 0%  333% 222%  23.5%
cells (Score:1)
Giant cells, Plasma 0 0 4 4 8
cells, Eosinophils, 0% 0%  44.4%  444%  235% 0002
Neutrophils (Score:2)
Many inflammatory 0 9 2 3 14
cells, Microabcess 0% 100% 222%  33.3%  41.2%
(Score:3)
7 9 9 9 34
Total
20.6% 26.5% 26.5%  26.5% 100%

* indicates P value below 0.05 obtained by chi-square (y2) tests. Group 2=15 Gy Radiotherapy group; Group 3=15 Gy Radiotherapy+systemic

application of propolis extract at a dose of 100 mg/kg/ml for 2 weeks; Group 4=15 Gy Radiotherapy+systemic application of propolis extract at a

dose of 200 mg/kg/ml

DISCUSSIONS

Regarding the current results of the study,
oral systemic administration of propolis
demonstrated ameliorative effects in the
formation of radiotherapy-induced oral
mucositis. The affirmative effects of propolis
on RIOM was directly proportionate to
administration dosage. The significant
difference between the tissue IL-6 levels
among the study groups, in which propolis
was administered, indicated that the anti-
inflammatory effects of propolis may increase
in a dose-dependent manner.

The pathophysiology of RIOM still
remains unclear. However, recent studies
have revealed four phases of mechanisms
involving in pathophysiology. Due to a study
conducted to elucidate the pathophysiology;
the formation of a RIOM initiates with DNA
damage induced by radiotherapy in epithelial,

12

vascular endothelial cells, fibroblasts and
tissue macrophages and reactive oxygen
species (ROS) are released. The DNA
damage and ROS lead to matrix
metalloproteinase  stimulation, the gene
expression and release of pro-inflammatory
cytokines such as TNF-a, IL-1, and IL-6.
Also, ceramide pathway takes place with the
mentioned inflammatory factors and lead the
tissue injury and stimulated apoptosis. The
ongoing reactions cause tissue ulcerations and
secondary infections on the ulcerated tissues
add more inflammation to the micro-
environment (17). Therefore in the current
study, the effects of systemic administration
of propolis, known to have radioprotective,
anti-inflammatory, and antioxidant effects, on
RIOM 2 were evaluated. In a previous study,
topically administered hydroalcoholic extract
of red propolis kept tissue MPO activity on
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ultraviolet irradiated dermal tissues at a level
similar to that of non-irradiated tissues, and
exhibited anti-inflammatory effects in oral
administration. Consequently, it has been
claimed that propolis has photoprotective
effect in topical application and anti-
inflammatory effects in systemic application
(18). Also, the anti-inflammatory effects of
propolis were indicated in murine models, by
reducing IL-6 in chronic knee joint arthritis
and by inhibiting neutrophil migration,
leukocyte rolling and adhesion in LPS-
mediated acute peritonitis (19). Consistent
with the literature, it was observed in the
current study that propolis dose-dependently
reduced inflammation biomarkers. The doses
of propolis used in the current study were
drawn from previous studies that reported
successful outcomes (13,20) and no toxic
effects were observed in any study groups.
Also, in studies on lethal doses of propolis
have not reported any toxic effects up to 3000
mg/kg in rats (21).

Previous studies have shown that propolis
has high free radical scavenging effects. The
free radical scavenging effect of propolis is
based on organic aromatic acids, which are
high in its content (22). Caffeic acid phenyl
ester (CAPE) containing caffeic acid is an
important component of aqueous propolis
extracts and has been shown to prevent the
increase in TNF caused by radiotherapy-
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