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Article Type ABSTRACT

Research Paper Background and Obijective: lonizing radiation has destructive effects on the oral mucosa during
head and neck cancer treatment, the most common complication of which is oral mucositis. The
present study was conducted to investigate the effect of Iranian propolis as a natural substance on the
prevention and treatment of radiotherapy-induced oral mucositis in rats.

Methods: In this experimental study, 48 adult Wistar rats were randomly divided into 4 groups
receiving normal saline (C), propolis 400 mg/kg (P), propolis 400 mg/kg + X-ray irradiation (PR),
and normal saline + X-ray irradiation (SR). PR and SR groups were exposed to 15 Gy of X-rays. Rats
were injected intraperitoneally with propolis every day (P and PR groups), and the severity of oral
mucositis was recorded after irradiation using the Parkins scale until day 10. Histopathological
samples were prepared from the middle third of the tongue of the rats on day 5 and 10 and were then
examined.

Findings: The severity of mucositis increased from day 1 to day 10 in each group separately and was
significantly lower in the PR group than the SR group on days 4 and 6 to 10 (p<0.001). The changes

Received: in the histopathological appearance of the samples in the irradiated groups were more severe than in

the non-irradiated groups (p<0.001). Furthermore, the SR group showed the lowest body weight
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. compared to the other groups on day 10 (p<0.001).
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Introduction

lonizing radiation (X-rays and gamma rays) is widely used in various sciences, especially medicine, as
it is used to diagnose and treat diseases such as cancer (1). In radiotherapy, healthy cells can be damaged
by toxic substances produced by ionization (2, 3). Chemotherapy-induced and radiotherapy-induced oral
mucositis is one of the most common and significant side effects in cancer patients (4, 5). Almost all patients
who receive radiotherapy for head and neck cancers develop oral mucositis (6, 7). The severity of mucositis
depends on the size of the irradiated area, the interval between irradiations, the radiation dose, the history
of previous exposure, or the presence of underlying diseases such as diabetes and connective tissue diseases
(8). Therefore, identifying the most effective methods to prevent or reduce the severity of radiotherapy-
induced mucositis can be of great clinical importance (4).

Propolis has been extensively studied as a natural and non-toxic substance with antimicrobial, antiviral,
antifungal, anticancer, and anti-inflammatory effects (9-11). Approximately 300 chemical compounds
have been identified in propolis, depending on the environment and type of vegetation in the region,
including resin (55%), beeswax (30%), essential oil (10%), bee pollen (5%), and organic compounds such
as phenolic acids and flavonoids (5%) (10-12). In a study by Severo et al., propolis was effective in treating
5-fluorouracil (5-FU)-related oral mucositis (OM) in rats, and immunity increased on the eighth day of
treatment and the level of antioxidant glutathione (GSH) increased on the fourteenth day compared to the
control (13). In another study, the effect of propolis on the oral mucosa showed that the oral mucositis index
(OMI) and proinflammatory markers were significantly reduced in the propolis-treated groups (14). Propolis
gel was also effective as a potential topical drug to prevent radiotherapy-induced oral mucositis in patients
selected for radiotherapy for oral cancer, and most patients did not develop mucositis (15). In addition,
propolis mouthwash was also shown to be an effective and safe drug that can be used to reduce oral
mucositis and dysphagia in patients undergoing head and neck radiotherapy (16). There are several studies
in animal models regarding the beneficial effect of propolis in reducing radiotherapy-induced oral mucositis,
but despite many studies, no direct and definitive treatment has been introduced yet. Therefore, the present
study was conducted to investigate the effect of alcoholic extract of Iranian propolis on radiotherapy-
induced oral mucositis in rats exposed to X-rays. As a natural substance rich in phenolic and flavonoid
compounds, propolis was prepared from Alborz Mountains in Mazandaran Province (Polur region) (10).

Methods

After approval by the Ethics Committee of Babol University of Medical Sciences with the code
IR.MUBABOL.REC.1399.403 and in compliance with ethical guidelines, the present experimental study
was conducted on 48 adult Wistar rats with a mean age of 7-11 weeks and a weight range of 160+20 g. The
rats were kept at a temperature of 22+2°C, humidity of 45-55%, and a daily light/dark cycle (12/12 h) (17).
The rats were randomly divided into 4 experimental groups, including 12 rats in each group:

Group 1: Normal saline (Control group, C)

Group 2: Propolis 400 mg/kg (P group)

Group 3: Propolis 400 mg/kg + X-ray irradiation (PR group)

Group 4: Normal saline + X-ray irradiation (SR group)

Propolis preparation: Tween 80, water, and ethanol were used to obtain a homogeneous propolis solution.
To achieve a uniform mixture, propolis was mixed in 5 mL of ethanol, 10 mL of Tween 80, and distilled
water on a hot plate at 50-60°C and stirred for six hours. Before each injection, the mixture was brought to
room temperature and injected intraperitoneally (IP) into rats daily (18).
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Radiation: A preliminary study was conducted to observe the course of radiation, the onset of radiation-
induced mucositis, determine the maximum effects of radiation, and recovery from mucositis (day 10)
according to the study by Molania et al. (17). Before irradiation, all rats were weighed, and the PR and SR
groups assigned to radiation exposure were transferred to Shahid Rajaee Hospital in Babolsar. On the first
day, rats were anesthetized with 100 mg/kg ketamine intraperitoneally and then exposed to a 15 Gy X-ray
beam (Siemens 6MV, 15 Gy, 884 Mu) in a single exposure. The tube was positioned so that the entire
cranium of the rats was in the radiation field (Figure 1). Two groups were irradiated (PR and SR) and two
groups were not irradiated. After the irradiation, the rats were returned to the animal care center of Babol
University of Medical Sciences and were weighed during the 10-day experimental period. Rats in groups P
and PR were injected intraperitoneally with 400 mg/kg propolis daily, while groups C and SR were injected
with normal saline (17).

Figure 1. Preparation of the rats for X-ray irradiation

Oral mucositis assessment: Daily oral mucositis assessments of rats were performed based on the
PARKINZ criteria (19) by two oral pathologists separately and the results were compared. 0: normal, 0.5:
light pink, 1: light red, 2: dark red, 3: localized scaling, 4: discharge and scaling in less than half of the lip,
5: discharge and scaling in more than half of the lip.

Histopathological examination: Half of the rats (in all four groups) were anesthetized with ketamine (100
mg/kg IP) on the fifth day and the other half on the tenth day, and tissue samples (from the middle third of
the tongue) were prepared to assess the severity of mucositis, and then the rats were sacrificed by guillotine.
After removing the entire rat tongue, tissue samples were prepared from the middle third of the tongue and
fixed in 10% formalin (pH=7.4) for 24 hours, then paraffin blocks were prepared. Histological sections were
5 um thick, stained with H&E, and evaluated by an oral pathologist using a 10X light microscope (Olympus
BX41, Tokyo, Japan) (18). The affected areas were classified according to a five-point ordinal scale
developed by Ertekin (20): 0 (normal), I (minimal, >5%), II (mild, 6-20%), Ill (moderate, 21-50%), IV
(marked, 51-75%), and V (severe, 76-100%).

Data analysis was performed with SPSS V.20 statistical software. One-Way ANOVA analysis and
Bonferroni post hoc test were used to compare weight. Mann-Whitney was used to compare the severity of
mucositis between both groups, and p<0.05 was considered significant.

Results

Forty-eight male rats were studied over a 10-day period. Except for one rat in the SR group and two rats
in the PR group that died after irradiation, the rest of the rats survived. The results of the study showed that
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the severity of mucositis significantly increased from day 1 to day 10 in both the PR and SR groups
(p<0.001) (Figure 2). Moreover, by comparing the severity of mucositis between the two groups on each
day of the study, it was found that the PR group showed a lower severity compared to the SR group on days
4 and 6 to 10 (p<0.001) (Figure 2).

-9-SR

Mucositis severity

Days

Figure 2. Mucositis trend in SR and PR groups during the ten-day assessment

The mean time required for the onset of mucositis in the SR group was 6.50+0.5 days and in the PR
group was 9.60+0.5 days, indicating a significant difference between the two groups (p<0.001) (Table 1).
Histopathology of the tongue mucosa in the four groups on days 5 and 10 showed that the histopathological
changes were more severe in the irradiated groups than in the non-irradiated groups (Figure 3). However,
the severity of these changes was greater in the SR group compared to the PR group (Tables 2 and 3).
Furthermore, on day 0 of the study, there was no statistically significant difference between the weight of
the rats in the irradiated groups, but the SR group showed the lowest body weight on day 10 (p<0.001)
(Table 4).

Table 1. Mean mucositis severity based on the Parkins scale on days 1 to 10 between the two
radiation groups

SR(n=11) PR(n=11) p-value

MeanxSD MeanxSD
Day 1 0 0 -
Day 2 0.22+0.34 0.4+0.39 0.29
Day 3 0.54+0.41 0.45+0.43 0.61
Day 4 1.72+0.64 0.7£0.34 <0.001
Day 5 2.00+0.77 1.9+0.73 0.76
Day 6 3.5+0.54 2.4+0.54 0.009
Day 7 4.66+0.51 2.0£60.54 <0.001
Day 8 5.00+00.00 3.000.70 <0.001
Day 9 3.83+0.75 2.00+0.70 0.003
Day 10 3.16+0.40 0.60+0.22 <0.001

Data are based on meantstandard deviation of three replicates.
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Figure 3. Histopathology of the tongue mucosa in the four groups. A. Control group, day 5, B. P group, day
5, C. PR group, day 5, D. SR group, day 5 (reduced epithelial thickness or absence of acanthosis, hyperkeratosis, detachment
of keratin from surface of papillae, submucosal inflammatory infiltrate and congested blood vessels are visible), E. Control
group, day 10, F. P group, day 10, G. PR group, day 10 (detachment of keratin from the surface of the epithelium and mild
inflammatory infiltrate in the submucosal area with fine blood vessels are visible), H. SR group, day 10 (atrophic changes
of the papillae, degeneration of the basal layer, inflammatory infiltrate in the submucosal area with congested blood vessels
are visible).

Table 2. Comparison of changes in the histopathological appearance of the dorsal surface of the
tongue on the fifth day between the study groups

Group C Group P PR Group SR Group

Variable Number(%) Number(%) Number(%) Number(%o) p-value
Acanthosis
No 4(66.7) - 5(100) 4(80) 0.001
Yes 2(33.3) 6(100) - 1(20) '
Hyperkeratosis
No 4(66.7) - - - 0.005
Yes 2(33.3) 6(100) 5(100) 5(100) '
Papillary changes
No 6(100) 3(50) - - 0.001
Yes - 3(50) 5(100) 5(100) '
Changes in the basal layer
Without change 6(100) 6(100) - -
6-20% - - 1(20) 1(20) <0.001
51-50% - - 3(60) 2(40)
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51-75%
>75
Congestion
Without Congestion
Mild
Moderate
Severe
Submucosal inflammation
Without inflammation
Mild
Moderate
Severe
Damage according to Ertekin criteria
Normal
Mild
Moderate
Severely symptomatic

6(100)

4(66.7)
2(33.3)

6(100)

5(83.3)
1(16.7)

1(20)

3(60)
2(40)

2(40)
2(40)
1(20)

1(20)
1(20)
2(40)
1(20)

1(20)
1(20)

3(60)
1(20)
1(20)

2(40)
3(60)

2(40)
3(60)

<0.001

0.002

<0.001

Table 3. Comparison of changes in the histopathological appearance of the dorsal surface of the
tongue on the tenth day between the study groups

- Group C Group P PR Group SR Group
Mk Number(%) Number(%) Number(%) Number(%bo) p-value
Acanthosis
No 5(83.3) 1(16.7) 5(100) 4(66.7) 0.02
Yes 1(16.7) 5(83.3) - 2(33.3) '
Hyperkeratosis
No 5(83.3) - 2(40) 1(16.7) 0.01
Yes 1(16.7) 6(100) 3(60) 5(83.3) '
Papillary changes
No 6(100) 5(83.3) 3(60) - 0.002
Yes - 1(16.7) 2(40) 6(100) '
Changes in the basal layer
Without change 6(100) 6(100) - -
6-20% - - 3(60) -
51-50% - - 2(40) 4(66.7) <0.001
51-75% - - - 1(16.7)
>75 - - - 1(16.7)
Congestion
Without Congestion 4(66.7) 5(83.3)
Mild 2(33.3) 1(16.7) 4(80) 4(66.7) 088
Moderate - - 1(20) 2(33.3) '
Severe - -
Submucosal inflammation
Without inflammation - -
Mild 6(100) 5(83.3) 4(80) - 0.003
Moderate - 1(66.7) 1(20) 6(100) '
Severe - - - -
Damage according to Ertekin criteria
Normal 1(16.7) 5(83.3) - -
Mild 5(83.3) 1(16.7) 4(80) 1(16.7) 0.001
Moderate - - 1(20) 2(33.3) '
Severely symptomatic - - - 3(50)
Journal of Babol University of Medical Sciences, 2025; 27: e73
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Table 4. Comparison of weight changes on days 0, 5, and 10 between different groups

Groups No_rmal _saline _Pr_opqlis o I_Dropolis_ _ o _Serum o )
Time period injection injection injection+radiation injection+radiation p-value
Mean+SD Mean+SD Mean+SD MeanzSD
Day Zero 172.08+3.11  171.08+2.60 171.75+2.05 170.08+2.67 0.274
Day ten 180.16+2.22¢" 177.50+2.73° 162.20+1.92° 157.50+2.88¢ <0.001

“Based on One-way ANOVA test, “Dissimilar letters indicate significant differences between pairs of groups at a=0.05
level based on Tukey test.

Discussion

In the present study, comparison of the severity of oral mucositis between groups showed that propolis
can delay the onset of mucositis, reduce its peak, and accelerate the healing process of mucositis. Consistent
with the present study, Akhavan Karbasi et al. (21) and Guler et al. (14) reported that the use of propolis
can systemically reduce the severity of acute mucositis with its anti-inflammatory properties (22). This is
probably due to the elimination of the infectious component of the inflammatory process, regulation of
inflammatory cytokines, growth factors, and increased angiogenesis to promote wound healing (23).
Moreover, a study by Hamzah et al. showed that 2.5% propolis mouthwash was effective in reducing the
severity of oral mucositis and its use in nasopharyngeal carcinoma (NPC) patients did not cause any adverse
side effects (24). In addition, the use of propolis mouthwash in patients with head and neck cancer was able
to improve radiation-induced mucositis (16, 25). In another study, the mean incidence and severity of
mucositis in the radiation control group was significantly higher than in the group receiving cinnamaldehyde
(50 mg/kg) plus radiation (17). On the other hand, in the study of TomaZevi¢ et al. (26) and Salehi et al.
(18), propolis did not have a positive effect on the healing process of mucositis. It seems that the dose and
duration of propolis use play a significant role in the effect of this substance on the inflammatory process.
Therefore, the time of assessment of the appearance of mucositis in the irradiated groups was another useful
point in our study, and in this regard, it has been shown that propolis prolongs the time of appearance of
mucositis, thus reducing or delaying radiation-induced mucositis.

Comparison of histopathological changes among different groups in our study showed that propolis
reduced the radiation-induced tissue changes in the dorsal surfaces of the tongue. In general,
chemotherapeutic and radiotherapy drugs affect the proliferation of cells with high mitotic activity,
including oral mucosal cells (27) and can therefore lead to histopathological changes in oral tissues
(28). Histopathological examination in the study of Salehi et al. (18) showed that propolis could reduce the
degree of dysplasia at doses of 100, 200 and 400 mg/kg compared to the control, and in the group that
received 400 mg/kg of propolis, only two rats showed mild dysplasia and the rest were normal. This
indicates that increasing the concentration of propolis leads to a decrease in the degree of dysplasia,
indicating a dose-dependent effect of propolis. Propolis varies in terms of polyphenolic and flavonoid
compositions due to differences in local vegetation, and its medicinal activity varies greatly depending on
its geographical origin (29).

In the assessment of weight changes in rats between the groups exposed to radiation and those without
radiation, it is obvious that radiation causes a decrease in the weight of rats, which is due to a decrease in
the ability to feed. In the assessment of weight changes in rats in a study by Molania et al., a significant
increase was observed in the control group compared to the group receiving cinnamaldehyde (50 mg/kg).
Such a weight loss was attributed to the allergic and toxic nature of cinnamaldehyde compared to normal
saline injection. However, the weight change between the irradiated groups was not significant (17).
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Oral mucositis can be very painful and can lead to malnutrition and significant weight loss due to
inadequate oral intake. This can affect quality of life and disrupt cancer treatment protocols (23). Based on
the findings of this study, it appears that Iranian propolis has an effective role in the treatment and control
of radiotherapy-induced mucositis and is recommended as a suitable drug to relieve mucositis symptoms
and reduce oral ulcers. Although there is no clear evidence for the direct control of mucositis despite
numerous studies in this area, there are solutions in this regard and research is ongoing into the use of
radioprotective agents such as propolis, but more studies are needed for preventive and supportive oral
mucositis treatment.
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