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ABSTRACT

Objective and background: One of the most significant side 
effects of radiotherapy for head and neck cancers is xerostomia 
as a result of salivary gland damage. Considering pharmaco-
logical effects of propolis, we evaluated its protective effect on 
salivary glands subjected to radiotherapy of head and neck 
cancer patients.

Materials and methods: Twenty-one male albino rats (8-11 W, 
190 ± 5 gm) were divided into three groups of seven animals. 
Scintigraphy was performed in all the groups. Then groups 1 (S) 
and 2 (SR) received normal saline injections and group 3 (PR) 
received propolis injection over 3 days. After that groups 2 and 
3 were exposed to gamma radiation and all the rats underwent 
scintigraphic assessment on third day and 70th day after irra-
diation. The lips and tongues of rats in groups 2 and 3 were 
examined for mucositis daily in first 10 days. At the end, the 
parotid glands of all rats were examined histologically.

Results: Scintigraphy results of third and 70th day after irra-
diation showed statistically significant differences between PR 
and SR as well as SR and S. However, there was no significant 
difference between the PR and S groups. Histopathologic 
assessment demonstrated significant difference between SR, 
PR and S.
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Conclusion: These results suggest that propolis has protective 
effects on salivary gland function in animal models whilst it did 
not prevent radiation-induced histologic changes in tissues. 
Further investigations are needed to elucidate mechanisms of 
propolis actions.

Clinical significance: Regarding to the results of this study, 
propolis may be useful in reduction xerostomia due to radiation 
to salivary glands and may be helpful for head and neck cancer 
patients.
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Introduction

One of the most significant complications of radiation 
therapy for head and neck cancers is salivary gland dys-
function and dry mouth.1-3 If a less than-desired dose is 
used to reduce damage to healthy tissues, it may result in 
diminished quality of life and higher morbidity rate for these 
individuals.3 In radiation therapy for head and neck cancer, 
the major salivary glands often receive a high radiation dose. 
Acute and chronic responses displayed by salivary glands 
after radiation are related to dose of radiation and the amount 
of the glands in the direct line of the beam.4,5

Different procedures, such as lower exposure volume, 
biological agents, that stimulate progenitor cells, gene-factor 
techniques and drug therapy used to prevent or minimize 
harmful side effects of radiation on salivary glands.6 Many 
radioprotective agents have been tested in laboratories to 
determine their efficacy in preventing radiation damage to 
normal cells and tissues. Propolis is a resinous mixture that 
honey bees collect. It composed of flavonoids, resin, poly-
phenol, phenolic acid, phenolic aldehyde, wax and pollen. 
All of these compounds are responsible for its biological and 
pharmacological properties.7 Some of the proposed properties 
are anti-inflammatory,7 bacteriostatic and bactericidal agent,8 
antifungal,9 antiviral,9 antioxidant,10 immune system stimu-
lant, and wound healing actions.11,12 Bee propolis ingredient 
seems to stop cancer cell growth13 and control the growth 
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of human tumors.11 Previous studies have mentioned some 
characteristics of propolis, such as radioprotective effects, 
improving radiation complications if administered prophylac-
tically (before radiation), anti-inflammatory effects, reducing 
and delaying radiation-induced mucositis in an animal model, 
anti-tumoral and antioxidant effects.14-17

According to pharmacological characteristics of propolis 
and lack of data about its effects on salivary glands as well 
as its reasonable price and good historical safety profile, we 
decided to use propolis in our study.

Materials and methodS

This study was conducted using male Wistar albino rats. 
Rats were randomly selected from samples housed at the 
Animal Care and Research Unit. Twenty-one male Wistar 
albino rats aged 8 to 11 weeks and weighting 190 ± 5 gm 
were used for this study. All rats were kept on the same 
temperature (22 ± 2°C) and 12:12 hours light:dark cycle 
with the same food and water before the experiment. Rats 
were divided into three groups of seven animals: group 
1—control group that received normal saline injections 
without irradiation (S); group 2—control group that received 
normal saline injections before irradiation (SR); group 
3—experimental group received 400 mg/kg propolis inje-
ctions before irradiation (PR).

Rats were marked and then anesthetized with keta-
mine intraperitoneal (60 mg/kg, ip) and scintigraphy was 
performed for 15 minutes (scintigraphy evaluation). Then 
S and SR groups received normal saline injections and 
PR group received 400 mg/kg/d propolis injection for 
3 days. The solutions were injected intraperitoneal. At 
the third day of injections, SR and PR groups received 
radiation. Rats were anesthetized intraperitoneal with ketamine 
(100 mg/kg) prior to irradiation. Rats were fixed on a special 
plate and were irradiated with gamma-ray (cobalt60) 15 
Gy, on the whole cranium for 7 minutes and 39 seconds. 
For the next 10 days, lips and tongues of the rats were 
examined daily to assess mucositis according to Parkin’s 
clinical scale.18 Three days after irradiation all groups were 
anesthetized with ketamine (ip), weighed and parotid gland 
scintigraphy was performed. Due to chronic effects of 
radiation, scintigraphy was performed for all the rats after 
70 days to assess parotid function.19 Then rats were anesthetized 
with ketamine (100 mg/kg, ip) and sacrificed. The parotid 
salivary glands were removed and weighed and evaluate 

microscopically. Moreover, histological examination with 
hematoxylin and eosin (H&E) staining was performed and the 
percentage of connective tissue cells, acinar cells, ductal cells, 
fat cells and vascular tissue were assessed.19

Results

During the experiment, three rats died. Two rats of the S 
group died in first session of scintigraphy and one of the SR 
group died after 2 months in the last session of scintigraphy.

Scintigraphy

The results of scintigraphy which performed 3 days after 
irradiation showed significant salivary gland hypofunction 
in the SR groups compared with S and PR groups (p < 
0.0001). There was no significant difference between S and 
PR groups. In third scintigraphic assessment (70 days after 
irradiation), SR group showed significantly lower salivary 
gland function compared with S group (p < 0.0001). The 
results of scintigraphy of PR and SR groups are relatively 
the same (p < 0.0001) (Table 1).

Salivary Gland Weight Measurement

Rats were sacrificed and parotid glands were dissected out 
and weighed. The weights of S, SR and PR groups are 0.15 ± 
0.02, 0.17 ± 0.01 and 0.12 ± 0.002 gm respectively. The 
weight of parotid glands in PR group was significant lower 
than S group (p < 0.0001).

Histopathologic Examination

According to the percentage of acinar cells, ductal cells, 
vascular and connective tissue cells, and fat cells demonstrated 
in Table 2, there was a significant reduction in acinar cells 
after radiation in both SR and PR groups in comparison with 
S group (p < 0.0001). In both SR and PR groups, increased 
percentage of connective tissue cells was observed compared 
to control group (p < 0.0001). No statistically significant 
difference was observed between SR and PR groups (p = 
0.949). Difference between ductal, fat and vascular tissue 
cells was not significant between three groups.

Mucositis

As shown in Graph 1, the intensity of mucositis in the SR 
group was greater than PR, group during 10-day evaluation 

Table 1: Mean ± SD salivary gland uptake to background ratio of the three study groups

3rd scintigraphy2nd scintigraphy1st scintigraphyGroup

1.71 ± 0.061.70 ± 0.041.72 ± 0.06S

1.52 ± 0.061.53 ± 0.04 1.69 ± 0.06SR

1.72 ± 0.061.72 ± 0.061.75 ± 0.04PR
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Graph 1: Trend of mucositis in SR and PR groups during  
10-day evaluation

Table 2: Percentage of acinar, connective tissue, ductal, vascular and fat cells in  
three groups (check the names used in these lines)

Fat cell (%)Vascular cell (%)Ductal cell (%)Connective tissue (%)Acinar cell (%)Groups
04.091.76.4488S
3.48.361.7844.9441.53SR
0.148.915.7842.3442.83PR
0.1490.3970.2600.0010.001p-value

according to Parkin’s clinical scale. Difference was statisti-
cally significant on the seventh, eighth, ninth (p < 0.0001) 
and tenth day (p = 0.008).

Discussion

Since radiotherapy and chemotherapy cause damage to tissues 
surrounding the radiation site, development of  radioprotec-
tive agents has been the subject of intense search in cancer 
research centers. Radioprotective agents should be nontoxic 
and have efficacy in protecting tissues against gene alteration, 
mutations, immune system damage and teratogens. Salivary 
glands, which frequently reside within the irradiation field, 
mostly become damaged in head and neck radiation therapy.20

In the present research, we evaluated propolis effects on 
histopathology and function of salivary glands after radio-
therapy for the first time.

Results achieved from the analysis of scintigraphic data 
showed no significant difference between control and pro-
polis group. In normal saline group, there was a significant 
decrease in salivary gland function in comparison with the 
other two groups so it can indicate that propolis has early 
and late radioprotective effects. Intracellular signal trans-
duction distortion as a result of exocrine cellular membrane 
disruption is responsible for salivary flow reduction after 
irradiation whereas loss of acinar tissue is not the reason.19 
Loss of high-affinity agonists binding to muscarinic recep-
tors, for watery secretion, in early stages after irradiation 

could be a part of cellular membrane disruption.19 This 
study demonstrated that propolis probably could protect 
cellular membrane and subsequently intracellular signal 
transduction.

Despite propolis protective effects on salivary gland 
function, weight measurement results were not consistent 
with it. Salivary glands change commensurate with rats 
change. Rats weight gain was not considerable after irradia-
tion because of mucositis and impairment in nutrition but 
rats in control group gained more weight so salivary gland 
measurement is not considered to bean appropriate criterion 
for evaluating propolis effects after radiation therapy.

Other studies have demonstrated that radiation causes 
loss of acinar tissue and increase in connective tissue.19 
Similar to our findings in control group. Same changes in 
propolis group and control group indicate that propolis is 
ineffective in this case. In the present study, salivary gland 
histopathology was performed 70 days after irradiation. 
It can be concluded that for evaluating propolis effects a 
long-term study with larger groups should be performed 
and salivary gland should be checked and compared at 
1 month, 6 months and 1 year.

Our result showed that propolis has clinical effects on 
mucositis. This finding is supported by Ghassemi et al in 
and Molania et al.21,22

As this study is the first to provide evidence showing 
propolis effects on function and histopathologic changes of 
salivary glands, future investigations with different doses 
of propolis, different approaches of propolis administration 
and long-term surveys are suggested.

Conclusion

These results suggest that propolis has protective effects 
on salivary gland function in animal models whilst it did 
not prevent radiation-induced histologic changes in tissues. 
Further investigations are needed to elucidate mechanisms 
of propolis actions.

Clinical Significance

Regarding to the results of this study, propolis may be useful 
in reduction xerostomia due to radiation to salivary glands 
and may be helpful for head and neck cancer patients.
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