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Introduction

Salivary glands are exocrine glands that are responsible for
the production and secretion of saliva. Its structural compo-
nents include the stroma and parenchymal cells, which

include ductal, acinar, and myoepithelial cells. In addition
to these epithelial cells, the salivary gland also hosts progen-
itor cells that are responsible for self-renewal and differenti-
ation into adult cells in response to stress or injury.1 Patients
with head and neck cancer who undergo radiation therapy
(RT) as part of their treatment may be severely affected by
radiation-induced damage to healthy tissue. Early adverse
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Abstract Objectives This study aimed to assess the prospective protection of quercetin on
irradiated submandibular salivary gland inmice histologically and immunohistochemically.
Material and Methods Four groups of male mice were included in the study. Group I
included 10 mice that will not be subjected to gamma radiation, group II included 10
mice that will receive quercetin 50mg/kg body weight (BW) for 30 days, group III
included 10 irradiated mice that will receive a dose of only 15 Gy, and group IV included
10 irradiated mice that will be given quercetin 50mg/kg BW for 30 days prior to
radiotherapy.
Results The analysis of variance (ANOVA) test revealed that the difference between
all groups was extremely statistically significant (p<0.000). Turkey’s post hoc test
revealed that there were no statistically significant differences between groups I and II
but both groups showed statistically significant differences with groups III and IV. Also,
there were statistically significant differences between groups III and IV.
Conclusions Quercetin possesses the ability to protect against radiation-induced
cellular damage and maintain tissue integrity, so it holds promise as a protective agent
for salivary glands against radiation-induced damage. Quercetin has promising poten-
tial therapeutic benefits for individuals undergoing radiation therapy.

� This study was performed at the Faculty of Dental Medicine for
Girls, Al Azhar University, Cairo, Egypt.
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effects of RT, including dermatitis and oral mucositis, may
happen during or soon after RT and could lead to treatment
interruption. Furthermore, late adverse effects from RT may
significantly lower the patient’s quality of life, such as
osteoradionecrosis, tissue fibrosis, and salivary gland
hypofunction.2

Salivary gland hypofunction is caused by damage to
highly radiosensitive acinar salivary gland cells. It is antici-
pated that the salivary glands will be unresponsive to radia-
tion due to the slow turnover rate of their cells (60–120
days); however, the glands respond rapidly, which leads to
changes in the composition and production of saliva.3 Ioniz-
ing radiation (IR) commonly leads to the overproduction of
reactive oxygen species (ROS). When ROS levels increase in
cells, they produce harmful effects on important cellular
structures like organelles, lipids, proteins, and nucleic acids,
which can ultimately lead to cell death.4 Radiation-induced
tissue damage can be minimized by the use of antioxidant
agents that neutralize and restrict ROS action. Earlier studies
have reported that a polyphenol can effectively prevent
radiation-induced damage to the salivary glands. One type
of polyphenol that is widely distributed and plentiful in
nature is quercetin.5

Quercetin is a natural flavonoid found in common food
species including apples, tea, onions, nuts, berries, cauliflow-
er, cabbage, and many others. It recognized for its antioxi-
dant, and anti-inflammatory properties both in vivo and in
vitro. The ability of quercetin to scavenge free radicals
protects it against a number of age-related disorders. Nu-
merous clinical studies show that quercetin supplementa-
tion is used to treat and prevent various chronic diseases.6

Accurate deoxyribonucleic acid (DNA) replication is neces-
sary for proper cell division. Human cells suffer from many
types of “stress” at the replication fork, where the stress
arises from replication obstacles and damage sources. Onco-
gene activation, misregulated origin licensing, nucleotide
depletion, and re-replication are the replication obstacles.
IR, ultraviolet (UV), and ROS are some of the damaging
sources. Proliferating cell nuclear antigen (PCNA) is crucial
in DNA synthesis and DNA damage tolerance. It is essential
for regulating DNA replication activity and preserving integ-
rity of genome. It acts as a hub for proteins included in cell-
cycle control, DNA synthesis, and DNA damage response and
repair. Additionally, PCNA undergoes a variety of posttrans-
lational changes, such as ubiquitination, which aids in the
coordination of DNA replication and resistance to genotoxic
damage.7 So, this study aimed to assess the prospective
protection of quercetin on irradiated submandibular salivary
gland in mice histologically (hematoxylin and eosin [H&E]
staining) and immunohistochemically by PCNA

Materials and Methods

Treatment and Animals
Quercetinwas purchased from Sigma Chemical Co. (St. Louis,
MO, United States). In this research, 40 adult male mice
between the ages of 8 and 12weekswithweights between 18
and 25g were utilized. For 30 days, 50mg/kg of quercetin

was taken orally after being dissolved in distilled water.
During the trial period, quercetin was given on alternate
days. The facilities, food, and scarification technique were all
carried out in accordance with the guidelines established by
the ethical committee for animal experiments. The Ethics
Committee of the Faculty of Dental Medicine at Al-Azhar
University provided the study’s ethical code and approval
(code no.: P-PD-PD-24-17).

Irradiation Process
At the end of 30 days, thiopental sodium (Egyptian Pharma-
ceutical International Company [EPICO], purchased from the
local market), an exceptionally short-acting barbiturate (60
mg/kg), was given intraperitoneally to anaesthetize 20 adult
male mice in groups III and IV. The mouse’s head and neck
were then exposed to 15Gyof gamma radiation,with the rest
of its body being shielded by a lead shield.8

Experimental Groups

Group I (normal control) included 10mice that were not
subjected to gamma radiation.
Group II (positive control) included 10 mice that re-
ceived quercetin 50mg/kg body weight (BW) on alternate
days for 30 days.
Group III included 10 irradiated mice that received 15 Gy
of gamma radiation.
Group IV included 10 irradiated mice that received quer-
cetinþ IR (was given quercetin 50mg/kg BW on alternate
days for 30 days prior to radiotherapy).

Specimen’s Collection
Mice from each group were anaesthetized and individually
slaughtered by cervical dislocation on day 7 after radiation. A
vertical incision was made in the neck, and the skin was
carefully pulled back to reveal the submandibular gland. The
submandibular glands were extracted and then preserved in
10% formalin buffer. Regular dehydration, clearing, and
paraffin wax embedding were performed for the specimens.

Specimen’s Preparation

For Histological Examination
Slices of 4-µm thickness were cut, stained with H&E stain,
and examined under a light microscopewith amagnification
of �200.

For immunohistochemical staining, paraffin sections of
4-μmthickness were cut andmounted on a positively charged
glass slide. Sections were deparaffinized with xylene, rehy-
drated, andwashedwith phosphate-buffered saline (PBS). For
10minutes, sections were incubated in 0.3% H2O2 to inhibit
endogenous peroxidase activity. After immersing the slides in
a citrate buffer solution at pH of approximately 6, they were
subjected to three 5-minute microwave bursts at 95°C before
being cleaned with PBS to extract antigen. Sections were then
treated with the indicated primary antibody, PCNA mouse
monoclonal antibody (Dako lab). After this, the sections were
washed several times with PBS. The sections were incubated
with secondary biotin-coupled antibody for 5 to 10minutes at
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roomtemperature,washedseveral timeswithPBS, and immu-
nolabeled with diaminobenzidine (DAB).9 The tissues were
inspected using �200 magnification light microscopy.

Histomorphometric Analysis
To determine the location of immunostaining within the
tissue and the prevalence of positive cases, the immunos-
tained sections were inspected using a light microscope. If
tumor cells showed nuclear staining, they were regarded as
PCNA positive. Computerized image analysis using a Leica
image analyzer (Germany) was used. The percentage of
immunostained cells relative to the area was used to esti-
mate the immunoreactivity of PCNA. To convert the mea-
surement units (pixels) produced by the image analyzer
program into actual micrometer units, the image analyzer
was automatically modified. The percentage of positive
immune reactive region of PCNAwas computedwith respect
to a reference measuring frame of 11,434.9 μm2 using
magnification (�100). From each slide, five fields were
obtained in turn for the purpose of histomorphometric

analysis. Next, each specimen’s mean values were
determined.

Statistical Analysis
The mean and standard deviation (SD) values were used to
present the data. The different groupswere comparedusing a
one-way analysis of variance (ANOVA).When the ANOVA test
was significant, Tukey’s post hoc test was employed to
compare the groups in pairs. At p � 0.05, the significance
level was established. IBM SPSS Statistics version 20 for
Windows was used for the statistical analysis.

Result

Histological Results
Histological changes in salivary glands are shown by H&E
staining. The control and quercetin groups had normal ductal
and acinar cells with well-defined lobules (►Fig. 1A, and B,
respectively). In the IR group, acinar atrophy and shrinkage
with concomitant increase in interacinar as well as interlob-

Fig. 1 Photomicrographs of the submandibular salivary glands of (A) group I showing normal gland architecture and structure, striated duct (S),
blood vessel (Bv), acini (A), and granular convoluted tubules (G); (B) group II showing relatively normal gland architecture and structure similar
to group I; (C) group III showing severely destructed glands with loss of acinar and ductal architecture, vacuolated acinar and ductal cells (blue
and green arrows), cell lysis and cell remnants (white and yellow arrows), extremely wide interlobular space with excretory duct had dilated lumen
and reduction in the height of its lining cells (Ex), severe hyalinization of the supporting stroma (H), and congested blood vessel (Bv) with
abnormally thickened wall and degenerated endothelial lining; and (D) group IV showing greatly more preserved acinar and ductal architecture
and cell lining in addition to connective tissue stroma compared with group III (hematoxylin and eosin [H&E], �200).
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ular spaces were observed. The acini lacked their normal
architecture and lost their compact arrangement with gen-
eralized cytoplasmic vacuolization. The nuclei of the acinar
cells exhibited variations in size and shape with a great
number of pyknotic nuclei observed. Acinar lysis and cellular
remnants were also noted scattered throughout the gland.
Also, there was acinar and ductal lysis and cell death. The
connective tissue stroma appeared infiltrated with inflam-
matory cells. Hyalinized collagen fiber bundles adjacent to
dilated blood vessels could also be detected. The dilated
blood vessels were more obviously related to the excretory
ducts and filled with red blood cells (RBCs; ►Fig. 1C).

The quercetin-treated groups had fewer vacuoles, clearer
lobular structures, and more zymogen granules than the IR
group. Also, vascular dilatation and congestion were not
significant. These results suggest that quercetin preserves
salivary gland function without detrimental effects on over-
all structure following radiation (►Fig. 1D).

Immunohistochemical Results
The PCNA expression in normal salivary gland mucosa
(control group) was randomly distributed in acinar and
ductal cells. The number of PCNA-positive cells had sharply
decreased in the irradiated group. The PCNA expression level

in quercetin-pretreatedmicewas nearly similar to that of the
nonirradiated control group. These results demonstrated
that quercetin pretreatment significantly reduced radia-
tion-induced damage of the salivary gland mucosa. In addi-
tion, quercetin also maintained the proliferative activity of
the salivary gland stem cells and enhanced their repair after
irradiation that was detected by PCNA expression (►Fig. 2).

Statistical Results
The ANOVA test revealed that the difference between all
groups was extremely statistically significant (p<0.000).
Turkey’s post hoc test revealed that there were no statisti-
cally significant differences between groups I and II, but both
groups showed statistically significant differences with
groups III and IV. Also, there were statistically significant
differences between groups III and IV (►Table 1, ►Fig. 3).

Discussion

It has been demonstrated that IR interacts with the biological
systems during radiotherapy to produce excessive ROS. ROS
production is thought to be a major factor in tissue damage
caused by radiation. Moreover, ROS lower the intracellular
antioxidant concentration. Based on these premises, identi-

Fig. 2 Photomicrographs of proliferating cell nuclear antigen (PCNA) expressions in different groups showing the þve immunoreaction for
PCNA was confined to nuclei of the acinar and ductal cells of all groups (�200).
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fying natural novel molecules capable of counteracting oxi-
dative stress is highly significant, drawing interest from
scientists worldwide.10,11

The foregoing study revealed marked degenerative
changes in the submandibular glands of the irradiated ani-
mals, by histological examination of the H&E-stained sec-
tions. These include acinar atrophy and shrinkage with
concomitant increase in interacinar as well as interlobular
spaces. These findings were consistent with previous stud-
ies.12,13 The noticed increase in the interacinar and interlob-
ular spaces as well as the dispersed acini occurred mainly
due to acinar shrinkage and accumulation of edemafluid. In a
previous study, the acinar atrophy and shrinkage resulted
from radiation-induced disturbance in tissue homeostasis
were due to an imbalance between cell proliferation and
death via apoptosis. In the acute postradiation phase, a drop
in cell proliferation occurred.13

Moreover, the accumulation of edema fluid could be
explained by radiation-induced generation of ROS that
caused apoptosis and loss of endothelial cells via superoxide
(O2

–). This damage was manifested by microvascular dys-
function, increased capillary permeability, local inflamma-
tion, and a decrease in microvessel density.8,14 Furthermore,
the results of this study showed generalized cytoplasmic
vacuolization in the acinar and ductal cells. This finding
closely agreed with previous studies that reported the pres-
ence of round to ovoid vacuoles widely distributed in the
irradiated gland parenchyma.3,15 This vacuolization could be
explained by radiation-induced free radical generation,
which targeted the plasma membrane phospholipids caus-
ing membrane damage, including damage to muscarinic
receptors, which stimulate watery secretion, and plasma
membrane channels, aquaporins. This led to a reduction in
water secretion, which accumulated within the cytoplasmic
vacuoles.16,17

The obtained results also showed nuclear atypia of acinar
cells in the form of anisonucleosis and poikilonucleosis with
nuclear pyknosis. This finding confirmed the previous report
that stated that nuclear atypia of epithelial cells, including
surface epithelium, glands, and ducts, may occur following
IR.18 In addition, acinar and ductal lysis and cellular

Fig. 3 Column chart showing the proliferating cell nuclear antigen
(PCNA) mean area percentage in different groups. GI, group I; GII,
group II; GIII, group IIII; GIV, group IV.
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remnants were noted scattered throughout the gland, simi-
larly as previous studies.13,19 Radiation-induced cellular
DNA damage and ROS generation may be the cause of
apoptosis, which results in ductal and acinar lysis and cell
death. ROS induce lipid peroxidation and serous granules
lysis, releasing free radicals and their proteolytic enzymes
into the cytoplasm of the cell near the nucleus.4

The presence of inflammatory cell infiltrates within the
connective tissue stroma, in the present study, is also con-
sistent with previous studies that reported the presence of
inflammatory reaction in the early postradiation phase,
which begins within hours after radiation and continues
later on as chronic inflammation that persists.20,21 Hyali-
nized collagen fiber bundles adjacent to dilated congested
blood vessels could also be observed in this study, which is in
agreement with a previous study that reported the presence
of hyaluronic acid in the interstitial tissue as a smooth thin
staining.22 Several studies also confirmed postradiation di-
latation and congestion of blood vessels.23,24

In contrast, in the current study, the quercetin group had
normal ductal and acinar cells with well-defined lobules. In
addition, IRþquercetin–treated group had fewer vacuoles,
clearer lobular structures, and more zymogen granules than
the IR group. Also, vascular dilatation and congestion were
not significant. These results suggest that quercetin main-
tains salivary gland function without detrimental effects on
overall structure after radiation. In addition, the PCNA
expression level in the quercetin-pretreatedmicewas nearly
similar to that of the nonirradiated control group, in this
study. These results demonstrate that quercetin pretreat-
ment significantly reduced radiation-induced damage of
salivary gland mucosa. In addition, quercetin also maintains
the proliferative activity of salivary gland stem cells and
enhance their repair after irradiation, which is detected by
the PCNA expression.

This can be explained by the fact that quercetin exhibits
antioxidant activity by controlling the expression levels and
activity of antioxidant enzymes, such as superoxide dismu-
tase (SOD), Nicotinamide Adenine Dinucleotide (Phosphate)
(NAD(P)H) oxidase and catalase (CAT), glutathione S-trans-
ferase (GSH), and oxidoreductase. These effects of quercetin
could overcome the IR-induced damage of the salivary gland
cells, since quercetin pretreatment reduced IR-induced cel-
lular ROS generation and oxidative stress.25

Moreover, quercetin has strong anti-inflammatory and
immunomodulatory effects. It has been demonstrated that
quercetin can inhibit the synthesis of proinflammatory cyto-
kines, including interleukin-1 (IL-1), IL-4, IL-6, and tumor
necrosis factor-α (TNF-α). It can also decrease the production
of inflammatorymolecules suchas cyclooxygenase-2 (COX-2),
nuclear factor-kappa B (NF-κB), activator protein 1 (AP-1),
mitogen-activatedproteinkinase (MAPK), reactivenitricoxide
synthase (NOS), and C-reactive protein (CRP). Since the proin-
flammatory stimuli and cytokineshaveanegative effecton the
endothelial cell activity, quercetin has a protective effect on
the vascular endothelium.26,27 Quercetin, being a natural
compound with antioxidant properties, may offer a nontoxic

alternative to synthetic radioprotective agents. So, it signifi-
cantly improves the quality of life for patients undergoing
radiotherapy by reducing radiation-induced damage to sali-
vary glands, thus alleviating symptoms like xerostomia. These
benefits underscore the importance of continued research in
this area, with the aim of translating promising preclinical
findings into real-world therapeutic applications. However,
the importance of using animal models in the preclinical
studies, the genetic background of the mice used, housing
conditions, and handling can introduce confounding factors
that affect the study outcomes.

Conclusions

The results of the current study show that quercetin pos-
sesses the ability to protect against radiation-induced cellu-
lar damage andmaintains tissue integrity. Therefore, it holds
promise as a protective agent for salivary glands against
radiation-induced damage, offering potential therapeutic
benefits for individuals undergoing RT.
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