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ABSTRACT

Introduction: Cisplatin chemotherapy targets many tumors. However, it affects the submandibular gland causing its
hypofunction. Hesperidin has antioxidant and anti-inflammatory actions.

Aim of the Work: Was to evaluate the biochemical and histological alterations caused by two regimens of cisplatin application
on rat’s submandibular gland and to assess the effect of hesperidin against these changes.

Materials and Methods: 70 adult male albino rats were divided into 4 groups. Group I; control rats, Group II was given
hesperidin (100mg/kg/day) orally from day 1 until the experiment end. Group III received single high cisplatin dose
(intraperitoneally 12mg/kg) on 8th day and subdivided into subgroup Illa that received cisplatin only and I1Ib received cisplatin
+ hesperidin as group II. Group IV received multiple low cisplatin doses (intraperitoneally 6mg/kg) once a week starting from
8th day and subdivided into subgroup IVa that received cisplatin only and IVb received cisplatin + hesperidin as group II.
Submandibular glands were dissected out and processed for biochemical, histological and immunohistochemical studies. c-Kit
was used as a stem cell marker.

Results: Subgroups Illa & IVa showed biochemical, histological, and ultrastructural changes that was more marked in IIIa.
There was a significant elevation of malondialdehyde and reduction of antioxidant enzyme activities, disturbance of gland
architecture, acinar and duct cell degeneration, significant elevation in % area of collagen fibers and significant reduction in
% area of c- kit immune reaction. Subgroups IIIb and IVb showed improvement in the histological picture of the gland with a
significant increase in % area of c- kit immune reaction.

Conclusion: Cisplatin causes changes in submandibular gland being more marked with the single high dose. Hesperidin
partially alleviates these changes through its antioxidant action and enhanced activation of secretory complex stem cells. So,

hesperidin can be used clinically with chemotherapy to prevent its side effects.
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INTRODUCTION

Cisplatin is an efficient chemotherapy that is commonly
used in the therapy of wide variety of malignancies such
as head and neck cancers, bladder and lung cancers!!. It
causes crosslinks with DNA purine bases thus interfere
with its repair mechanisms, producing injury of DNA with
subsequent apoptosis in tumor cells®?. Despite its potent
anti-tumor effect, cisplatin causes oxidative stress leading
to severe side effects?®l. Moreover, it worsen the function of
the salivary gland and increase the incidence of mucositis™!.

Chemotherapy-induced salivary gland hypofunction
can cause numerous sequelae, including xerostomia
(dry mouth), which is the most common complication
that impair the life quality of the patient. It may cause
swallowing problems, speaking difficulties, taste disorder,
oral mucositis, and esophageal inflammation®.
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The use of a natural, non-toxic, effective, accessible
method of administration compound is needed to prevent
xerostomia and oral mucositis following the chemotherapy.
Hesperidin is a flavonone glycoside, related to the family of
flavonoid, that is present in Citrus species. Flavonoids have
analgesic, anti-inflammatory and antioxidant properties!®.
Hesperidin was also reported to have a chemoprotective!”
and radioprotective effects!®,

c-Kit (CD117 or stem cell factor receptor) is a type 111
transmembrane receptor tyrosine kinase. c-kit is encoded
by the protooncogene c-kit that located in the long arm of
human chromosome 4. Stem cell factor (SCF) is a c-Kit
principal ligand and the interaction between them causes
dimerization, autophosphorylation ofthe activated receptors
at tyrosine residues and signal transduction?. c-kit-
SCF signalling resulting in proliferation, differentiation,
inhibition of apoptosis, and chemotaxis in c-kit expressing
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cellst'®, c-kit is expressed in several normal cells including
different kinds of stem and progenitor cells especially
hematopoietic stem cells. In addition, cells of Cajal, germ
cells express c-kit!'". In the submandibular gland, c-kit is a
marker of the stem cell population that mainly exist in the
ductal cells!'>13],

To our knowledge, no previous research was carried
out on the effectiveness of hesperidin against cisplatin-
induced submandibular gland damage. However, many
studies proved a protective outcome of hesperidin in case of
hepatotoxicity!'¥, nephrotoxicity!">'® and cardiotoxicity!'".

Therefore, the aim of current work was to evaluate the
impact of cisplatin on the submandibular gland of rat by
comparing two regimens: the single high and the multiple
low dose regimen. In addition, we evaluated the efficacy
of hesperidin as an antioxidant to alleviate the cisplatin-
induced damage and its ability to restore the glandular
stem cells through detection of expression of c-kit a stem
cell marker.

MATERIALS AND METHODS

Used materials

Cisplatin a product of Cipla Limited Company, India,
available in the form of vials (15663-27-1) containing
solution with a concentration of 50 mg/50 ml per bottle.

Hesperidin powder (520-26-3) and phosphate buffered
saline (PBS) (7447-40-7) were bought from Sigma Aldrich
Company, St. Louis, MO, USA. Hesperidin was dissolved
in PBS (200mg Hesperidin in 10ml PBS).

Anti-CD117  (c-Kit) primary antibody (mouse
monoclonal antibody, Dako, Carpinteria, California, USA,
catalog number R714501F at a dilution 1/100)

Study protocol

An approval for the study protocol was obtained from
the institutional review board (IRB) of the faculty of
medicine, Mansoura University (MDP.18.02.2). The study
was conducted at the house of animal, faculty of pharmacy,
Mansoura University. Seventy adult male Sprague Dawley
rats 100-120 days old and weighing between 200-250
g were used. The rats were kept in plastic cages under
adequate ventilation and temperature on cycles of 12-h
light/12-h dark during the experimental period. They were
freely provided with water and given the usual rodent
chow. Tissue processing and staining were performed at
medical histology and cell biology department, laboratory,
Mansoura faculty of medicine and E/M units of faculty of
science, Alexandria University and Faculty of agriculture,
Mansoura university. The study duration was 5 weeks.

Animal grouping

Following an accommodation for 2 weeks, the rats were
separated in a random way into 4 groups. all of them were
sacrificed 5 weeks from the beginning of the experiment:

Group I (control group) (n=20 rats): this group was
subdivided into two subgroups; la which received only
ordinary diet and water and subgroup Ib that received PBS
Sml\kg/day by orogastric tube (the solvent of Hesperidin).

Group II (Hesperidin group) (n=10 rats): was given
hesperidin at a dose of 100mg/kg/day orally by orogastric
tube dissolved in PBS!®! from day 1 of the experiment.

Group III (Single high dose cisplatin group) (n=20
rats): was injected intraperitoneally with a single high dose
(12mg/kg) of cisplatin at day 8 of the experiment!!?). They
were further subdivided into subgroup Illa (cisplatin only)
and subgroup IIIb (cisplatin + hesperidin as in group II).

Group IV (Multiple low doses cisplatin group)
(n=20 rats): was injected intraperitoneally with multiple
low doses of cisplatin (6mg/kg per week for 4 weeks)?
starting from day 8 of the experiment. This group were
further subdivided into subgroup I'Va (cisplatin only) and
subgroup VDb (cisplatin + hesperidin as in group II), then
sacrificed at the end of 5 weeks and 24 hours after the last
dose of cisplatin injection.

Sample obtaining and preparation

At the date of sacrifice, anesthesia was done for
the animals using intraperitoneal injection of sodium
pentobarbital (40 mg/kg body weight)?!l. For electron
microscopy samples, some animals from each group
underwent perfusion with 0.1 M sodium phosphate buffer
including 2.5% glutaraldehyde in their left ventricles. Both
submandibular glands were carefully dissected out, rinsed
by saline and processed for biochemical, histological and
immunohistochemical studies.

Biochemical study

Specimens from the left submandibular gland were
rinsed using a solution of phosphate buffered saline (pH
7.4) containing heparin for clot and RBCs elimination.
After that, homogenization of the tissues was done in 7
ml cold potassium phosphate buffer per gram tissue and
centrifugation occur at 4000 revolutions/ minute for 15
minutes at 4°C. The supernatant liquid was collected and
applied for the undermentioned assays:

Assay of Lipid peroxidation

Colorimetric assessment of lipid peroxidation
was performed through measurement of the level of
malondialdehyde (MDA) that expressed as nmol/ml.
The method of measurement was recorded by Tukozkan
et alP? using thiobarbituric acid (TBA) reaction. The
kit was purchased from the company of Bio-Diagnostics
(Dokki, Giza, Egypt, catalog number. MD 2529).

Assay of Antioxidant enzymes activity

The activities of superoxide dismutase (SOD) and
Catalase (CAT) enzymes were measured using Leite
et al® and Aebi® methods and expressed as U/
ml and U/L respectively. The enzyme Activities were
estimated calorimetrically using the commercial Kkits
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(Bio-Diagnostics; Dokki, Giza, Egypt, catalog number; SD
2521 For SOD, CA 2517) for CAT.

Histological study
A- Light microscopic study

Small specimens from the right submandibular glands
underwent fixation by 10% buffered formalin for one day,
dehydration in ascending alcohol concentrations, clearance
by xylene then embedding in paraffin wax. 5 um thick
paraffin sections were cut and stained with:

Hematoxylin and Eosin (H&E) stain for routine
histological examination!?*!

Mallory’s Trichrome stain for demonstration of
collagenous fibers?Sl.

Immunohistochemical staining: Anti- CD 117( c-Kit)
antibody was used as a distinctive marker for identification
of glandular stem cells®?”?!], The staining procedure was
used according to Sanderson et al.*). The deparaffinized
gland sections were processed and incubated with primary
anti CD-117 antibody for 1 hour (dilution 1/100). Negative
controls were prepared from submandibular gland with
the same technique after omitting the primary antibody.
Human GIT stromal tumor was used as a positive control.
Positive reaction was considered when there was brown
cytoplasmic staining.

B- Electron microscopic study®”

Tiny specimens from the right submandibular glands
underwent fixation at 4°c overnight in the refrigerator
by using 2% paraformaldehyde and 2.5% buffered
glutaraldehyde and post fixation for 1 hour in 1% osmic
acid. After the usual processing, semithin and ultrathin
sections (60—80 nm) were cut. The latter were stained with
uranyl acetate and lead citrate and examined by JEOL-
JEM-100 SX transmission electron microscope.

Morphometric and statistical analysis

Quantitative assessment was done for some parameters
including the number and diameter of granular convoluted
tubules (GCTs) / high power field (HPF) in H&E-stained
sections. The diameter of GCT was done by measuring
more than one diameter from 5 random GCTs in the field*!
and the largest diameter was taken from each tubule
because of the irregularity in the tubule shape. Percentage
area % of collagen fibers in Mallory’s trichrome stained
sections and Percentage % area of c-kit immune reaction
was also measured. For assessment, 5 slides from each
specimen were examined. In each slide 5 non-overlapping
microscopic fields of the submandibular gland were
analysed. Photos from the slides was captured using x40
objective lens by a digital camera (E420, China) settled
on an Olympus microscope with 0.5x photo adaptor. Photo
analyses were carried out by VideoTesT Morphology
software (VideoTesT, Russia, Saint-Petersburg).

The data was analyzed using Statistical Package for
Social Science software computer program version 26

(SPSS, Inc., Chicago, IL, USA). Shapiro-Wilk was used to
test normality of data. Quantitative data was presented in
the form of mean + standard deviation (SD). To determine
the significance of changes through the variable study
groups; we used One Way Anal—ysis of Variance (ANOVA)
test. Post-hoc Tukey test was used following ANOVA to
compare the quantitative means of more than two variable
groups. Statistical significance was considered when
P value <0.055%,

RESULTS

N.B two rats from subgroup Illa died and couldn’t
survive until the end of the study.

Biochemical results

The MDA level of subgroups Illa and IVa revealed
significant elevation (P < 0.05) compared to the control
group I, group 11, and subgroups III b and IVb respectively.
However, MDA level in subgroup [Va showed a significant
reduction relative to subgroup Illa (Histogram.l). The
SOD and CAT activities of subgroup III and I'Va showed
significant (P < 0.05) reduction than group I, II  and
subgroups I b and IVb respectively. However, the enzyme
activities showed significant elevation in subgroup IVa
compared to III a (Histogram. 2).

Light microscopic results
H&E results

Group I (control group) & group II (Hesperidin treated
group): Sections from both groups similarly revealed the
characteristic histological structure of rat submandibular
gland and statistically there was insignificant difference
between them. The gland was covered by thin capsule
and divided by thin septa into lobes and lobules.
Variable shaped atypical serous acini and the ducts were
present iside the lobules forming the secretory complex.
Myoepithelial cells were found around the acini and ducts
(Figures 1A,B). The cells of the acini were pyramidal
with basophilic cytoplasm and rounded basal nuclei. The
lining cells of the intercalated duct was cuboidal cells. The
lining of the striated duct was high cubical cells with basal
eosinophilic striations (Figure 1C). The cell lining of GCTs
was columnar and had numerous eosinophilic granules
(Figure 1D). The interlobular duct was lined with simple
columnar to pseudostratified columnar epithelium
(Figure 1B).

Subgroups I1la (single high dose cisplatin treated rats)
and IIIb (single high dose cisplatin + hesperidin treated
rats): Sections from submandibular glands of subgroup
Ila displayed marked histological changes. There was
noticeable capsule thickening with dilated congested blood
vessels and inflammatory cell infiltration. The acinar cells
showed cytoplasmic vacuolations (Figures 2A,B). The
Striated ducts showed dilatation with stagnant vacuolated
secretion, cytoplasmic vacuolations and many pyknotic
nuclei (Figures 2B,C). Degenerated GCTs with marked
destruction of their lining cells and loss of secretory
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granules were observed and the nuclei were pyknotic
or karyolitic. cells (Figure 2D). The interlobular ducts
appeared dilatated with stagnant vacuolated secretion
(Figure 2E). According to statistical analysis, the number
and diameter of GCTs/HPF of this subgroup showed
significant (P <0.05) reduction compared to control group
I and group II (Histogram 3).

On the other hand, subgroup IIIb showed much better
histological picture compared to subgroup IIla. Thin
capsule and preserved structure of acini, GCTs were seen.
However, some structural changes were present in the form
of cytoplasmic vacuolations, nuclear pyknosis in GCTs
lining cells (Figures 2F,G). The striated ducts showed
intact structure and vesicular nuclei but there were empty
cytoplasmic areas (Figure 2H). The number and diameter
of GCTs/HPF were significantly (P <0.05) higher than
subgroup Illa (Histogram 3).

Subgroups IVa (Multiple low dose cisplatin treated
rats) and IVb (Multiple low dose cisplatin + hesperidin
treated rats): Sections from submandibular glands of
Subgroup IVa showed thick septa containing dilated
congested blood vessels. The acinar cells had ill-defined
boundaries and showed cytoplasmic vacuolations
(Figure 3A). Dilated interlobular ducts and dilated striated
duct with stagnant secretion and Lost basal striation were
also found (Figures 3 A,B). The GCTs showed few or
lost granules and pyknotic nuclei in some lining cells.
(Figure 3C). The number and diameter of GCTs/HPF
revealed significant (P <0.05) reduction relative to the
control group I and group II. However, these parameters
were significantly higher than subgroup III a (Histogram.3).

Subgroup IVb showed less histological alterations
compared to subgroup IVa. The capsule and septa were thin.
The acini, striated ducts and GCTs relatively restored their
structure (Figures 3 D,E,F). Although, some vacuolated
acinar cells (Figure 3D) and some pyknotic or karyolitic
nuclei in GCTs were still found (Figure 3F). The number
and diameter of GCTs/HPF of this group was significantly
higher than subgroup IVa (Histogram 3).

Mallory’s trichrome results

Group I and group II: Demonstrated no difference
between them. The gland demonstrated few regular
collagen fibers in the thin capsule, in thin interlobular
septa, around the acini and ducts (Figures 4A,B).

Subgroups IIla and IIIb: Subgroup Illa showed
noticeable increase in irregular collagen fibers in the thick
capsule (Figure 5A), in the thick septa, around the acini,
periductal and peri-acinar (Figure 5B). The percentage
area of collagen fibers showed significant (P <0.05)
elevation compared to the control group I and group II
(Histogram 4). However, subgroup IIIb showed fewer
regular collagen fibers at the same areas (Figures 5 C,D)
and the percentage area of the collagen fibers showed
significant (P <0.05) reduction relative to subgroup Illa
(Histogram 4).

Subgroups I'Va and IVb: Subgroup [Va showed many
irregular collagen fibers in the thick capsule (Figure 6A),
in the septa, Peri acinar and periductal (Figure 6B). The
percentage area of the collagen fibers in this group exhibited
a significant (P <0.05) increase compared to control group
I and group II. However, it showed significant decrease
relative to subgroup Illa (Histogram 4). On the other hand,
subgroup IVb showed fewer regular collagen fibers at the
same regions (Figures 6 C,D) and the percentage area of
the collagen fibers showed significant (P <0.05) reduction
compared to subgroup I'Va (Histogram 4).

Immunohistochemical results

Group I and group II: Immunohistochemically
stained sections for c-Kit in the control group I and group
IT showed similar pattern of immune reaction. A strong
positive cytoplasmic reaction was noted in many cells
of the intercalated duct, striated duct, interlobular duct
(Figures 7 A-C) and in the myoepithelium (Figure 7D).

Subgroups IIla and I1Ib: Subgroup Illa showed faint
c-Kit immunoreaction in the ducts except for few cells in
the striated and intercalated ducts and in the myoepithelium
(Figures 8 A-C). However, subgroup IIIb showed
strong reaction in the cells of ducts and myoepithelium
(Figure 8 D-F). The percentage area of c-kit immune
reaction in subgroup I1la was significantly (P <0.05) lower
than control group I and group II and it was significantly
higher in subgroup IIIb than subgroup Illa (Histogram. 5).

Subgroups IVa and IVb: Subgroup IVa showed
positive c-kit immunoreactivity in some cells of the striated
and intercalated ducts and in the myoepithelial cells
(Figures 9 A-C). On the other hand, subgroup IVb showed
abundant reaction in more ductal and myoepithelial cells
(Figure 9 D-F). The percentage area of c-kit immune
reaction in subgroup IVa was significantly lower than
control group I and group II. However, it was significantly
higher than subgroup Illa and it was significantly higher in
subgroup IVb than subgroup IVa (Histogram. 5).

Electron microscopic results

Control group I & group II: The submandibular
gland of both groups revealed similar ultrastructure.
The acinar cells appeared with different secretion stages
either with numerous apical moderate electron dense,
electron lucent or no granules. The usual cell organelles
and rounded euchromatic nuclei were also found in the
acinar cells (Figures 10 A,B). The GCT cells showed apical
electron dense granules, euchromatic nucleus, numerous
mitochondria and lateral interdigitations between the
adjacent cells (Figure 10C). The striated duct was lined
with Light & dark cells that had euchromatic nuclei and
many mitochondria (Figure 10D). The cells’ apical part
showed tight junction, desmosomes, lateral interdigitations
and moderate electron dense granules (Figure 10E) while
the basal part showed basal infoldings with elongated
mitochondria aligned in between (Figure 10F).

202



Yahia et. al.,

Subgroups Illa and IIlb: Subgroup Illa revealed
evident ultrastructural changes in the form of small
secretory granules or merged ones with condensed content,
pyknotic nuclei and dilated rER cisternae in the cells of
acini (Figure 11A). The GCT cells showed nuclei with
corrugated nuclear membrane and wide perinuclear space,
swollen degenerated mitochondria with matrix electron
dense material, dilated Golgi, multiple vacuoles, and
rarefied cytoplasm (Figure 11B). The striated duct showed
disrupted luminal border, separation and loss of cellular
junctions, heterochromatic nuclei with irregular nuclear
membrane and wide perinuclear space, dilated Golgi,
swollen mitochondria, lysosomes, rarefied cytoplasm, and
loss of basal infoldings (Figures 11C,D).

On the other hand, subgroup IIIb showed better
ultrastructure. The acinar (Figure 12A) and GCT cells
(Figure 12B) showed numerous apical granules, intact
rER and mitochondria. Heterochromatic nuclei and dilated
Golgi were still observed. In addition, the striated duct cells
showed intact apical border and cell junctions and intact
mitochondria (Figure 12C). There was restoration of basal
infoldings but with irregular mitochondrial arrangement.

Shrunken heterochromatic nuclei and secondary lysosomes
were noted (Figure 12D).

Subgroups IVa and IVb: Subgroup IVa displayed
some ultrastructural alterations including acinar cells with
heterochromatic nuclei and irregular nuclear membrane,
fragmented rER, and vacuoles (Figure 13A). The GCT
cells also showed heterochromatic nuclei with irregular
nuclear membranes and wide perinuclear space, dilated
Golgi, multiple vacuoles, autophagosomes, and areas
of rarefied cytoplasm (Figure 13B). The cells of striated
duct showed irregularity and disruption of desmosomes,
mitochondrial swelling with cristolysis. Dilated Golgi,
lysosomes, areas of rarefied cytoplasm and lost basal
infoldings (Figures 13 C,D). However, Subgroup IVb
showed marked improvement in the ultrastructure relative
to subgroup IVa in the acinar (Figure 14A) and lining cells
of GCT (Figure 14B) and striated ducts (Figures 14 C,D).
However, there was still some heterochromatic nuclei in
the acinar and GCT cells (Figures 14A,B) and irregular
mitochondrial arrangement in between the restored basal
infoldings in the striated ducts (Figure 14D).

Fig. 1: Tissue sections in the rat submandibular gland of Group I (control group). A&B: showing thin capsule covers the gland (arrowhead) containing blood
vessels (BV) and septa (arrows) divides the gland into lobes and lobules. Variable shaped secretory acini (A) and different types of ducts are seen; the striated
ducts (SD), the granular convoluted tubules (GCTs) and the larger excretory (interlobular) ducts (ID) that are lined with simple to pseudo stratified columnar
epithelium (thick arrows). C: The acini (A) are lined with serous pyramidal cells having broad base and narrow apex abutting a central narrow lumen (L) and
shows basophilic cytoplasm and rounded basal nuclei (N1). The Intercalated duct (IC) is seen lined with simple cuboidal epithelial cells. The SD is lined by
high cubical cells having rounded nuclei (N2) and basal eosinophilic basal striations (*). Myoepithelial cells (tailed arrows) are observed surrounding the acini
and the ducts D: The GCTs are lined with columnar cells with numerous characteristic eosinophilic cytoplasmic granules (*) and open face nuclei (N3) (H&E;

A&B x 400, C&D x 1000).
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Fig. 2: Tissue sections in the rat submandibular gland of subgroups Illa (A-E) & I1Ib (F-H). A: showing marked thickening of the capsule (arrow heads) that
contain dilated, thickened, congested blood vessel (BV) and inflammatory cell infiltration (tailed arrows). Vacuolated acinar cells were noticed (curved arrows).
B: showing cytoplasmic vacuolations (curved arrows) in the cells lining the acini (A) and striated ducts (SD). C: the striated ducts (SD) appear dilated with
stagnant vacuolated secretion (*). The nuclei in many lining cells are pyknotic (thick arrows). D: showing a degenerated granular convoluted tubule (GCT)
with marked destruction of its lining cells leaving large empty spaces with loss of granules (thick arrows). Some nuclei are pyknotic (arrows) while others show
karyolysis (crossed arrows). E: The interlobular ducts (ID) are dilated with stagnant vacuolated secretions (*). Note the congested dilated blood vessel (BV).
F: showing thin capsule (arrowhead) with congested blood vessel (BV) and preserved acinar (A) structure however, some acinar and GCT cells are vacuolated
(curved arrows). G: The GCTs show preserved structure with the characteristic eosinophilic granules (*) and vesicular nuclei (N), however, some nuclei show
pyknosis (zigzag arrows). H: The striated ducts (SD) lining cells exhibited vesicular nuclei (N). Empty cytoplasmic areas (tailed arrows) in some cells are
observed (H&E; A, C, E & F x400, B, D, G & H x 1000)
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Fig. 3: Tissue sections in the rat submandibular gland of subgroup IVa (A-C) & IVb (D-F). A&B: showing thick septa (arrows) between the gland lobules.
Dilated congested blood vessels (BV) are seen in the septa and inside the lobules. The lining cells of the acini (A) appear with ill-defined boundaries and
show cytoplasmic vacuolations (curved arrows). Dilated interlobular ducts (ID) and dilated striated duct (SD) with stagnant secretion (*) and Loss of basal
striation are seen (crossed arrows}. Some intraepithelial lymphocytes (thick arrows) are detected between the duct cells. C: showing granular convoluted
tubules (GCT) with few or lost secretory granules (zigzag arrows) and pyknotic nuclei (arrows). D: a relatively thin capsule (arrowhead) and septa (arrows)
and intact secretory acini (A) are found. Some acinar cells show vacuolated cytoplasm (curved arrows). GCTs were seen. E: showing intact striated duct (SD)
with vesicular nuclei (N) and basal eosinophilic striations (*). F: The GCT demonstrated the eosinophilic cytoplasmic granules, however, some nuclei appear
pyknotic (zigzag arrow) or karyolitic (thick arrows). (H&E; A & D x400, B, C, E & F x 1000)

Fig. 4: Tissue sections in the rat submandibular gland of Group I. A&B: showing few regular blue stained collagenous fibers in the thin fibrous capsule (arrow),
in the thin interlobular septa (zigzag arrows) and around the acini (thick arrows) and the ducts (crossed arrows) (Mallory's trichrome X 400)
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Fig. 5: Tissue sections in the rat submandibular gland of subgroups Illa (A & B) and IIIb (C&D). A: showing excessive accumulation of irregular collagenous
fibers in the thickened capsule (arrows). B: excessive irregular collagen fibers was seen in the thickened trabeculae (zigzag arrows) and around the acini (thick
arrows), the ducts (crossed arrows) and the blood vessels (tailed arrows). C: showing few regular collagenous fibers in the relatively thin capsule (arrows). D:

few regular collagenous fibers in the thin interlobular septa (zigzag arrows), around the acini (thick arrows) and the ducts (crossed arrows) was noted (Mallory's
trichrome X 400)
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Fig. 6: Tissue sections in the rat submandibular gland of subgroups IVa (A & B) and IVb (C&D). A: showing excessive irregular collagenous fibers in the
thick capsule (arrows). B: showing abundant irregular collagen fibers in the interlobular septa (zigzag arrows) and around the acini (thick arrows) and the ducts
(crossed arrows). C: showing some regular collagenous fibers in the capsule (arrows). D: Some regular collagenous fibers is observed around the acini (thick

s trichrome X400)

]

the ducts (crossed arrows) and congested blood vessels (tailed arrows) (Mallory’

>

arrows)
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Fig. 7: c-Kit immunoreaction in the rat submandibular gland of Group I. A-C: showing strong positive cytoplasmic immune reaction in many cells of the
striated ducts (arrows), the intercalated ducts (thick arrows), interlobular duct (zigzag arrows). D: Strong positive cytoplasmic c-Kit reaction is seen in the
myoepithelial cells (tailed arrows) (c-kit immunostaining; A x 400, B-D x1000).

Fig. 8: c-Kit immunoreaction in the rat submandibular gland of Subgroups Illa (A-C) and IIIb (D-F). A-C: showing faint immune reaction in the ducts. The
reaction appears in few cells of the striated duct (arrow), the intercalated ducts (thick arrows) and in the myoepithelial cells (tailed arrows). D-F: showing strong
immune reaction in the cells of the striated ducts (arrows), intercalated ducts (thick arrows) and in the myoepithelial cells (tailed arrows) (c-kit immunostaining;
A&D x 400, B, C, E&F x1000)
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Fig. 9: c-Kit immunoreaction in the rat submandibular gland of Subgroups IVa (A-C) and IVb (D-F). A-C: showing positive c-kit immune reaction in some
cells of the striated ducts (arrows), the intercalated ducts (thick arrows) and in the myoepithelial cells (tailed arrows). D-F: showing abundant immune reaction
in more cells in the striated ducts (arrows), intercalated ducts (thick arrows), the interlobular ducts (zigzag arrows) and in the myoepithelial cells (tailed arrows)
(c-kit immunostaining; A&D x 400, B, C, E&F x1000)

Fig. 10: Electron micrographs of the rat submandibular gland of Group I. A: showing an acinus and their lining cells surrounding a central lumen (L). The
acinar cells appear with variable stages of secretion. Some contain numerous apical moderate electron dense secretory granules (G) or electron lucent granules
(zigzag arrows) or others show no granules (thick arrows). Rounded euchromatic nuclei (N) are also shown in the acinar cells. B: showing an acinar cell with
euchromatic nucleus (N), rough endoplasmic reticulum cisternae (rER), supranuclear Golgi complex (GA) and mitochondria (M). C: showing GCT lining cell
contains apical electron dense granules (G), rounded euchromatic nucleus (N), numerous mitochondria (M) and lateral interdigitations between the neighboring
cells (thick arrows). D-F: showing the striated duct. D; It lines with light (LC) & dark cells (DC). They have euchromatic nuclei (N) and many mitochondria
(M). Microvilli (MV) are projecting from the apical border of the cells. E; The apical part of cells shows tight junction (arrow), desmosomes (thick arrows),
lateral interdigitations (tailed arrow), moderate electron dense granules (G) and mitochondria (M). F; The basal part of the cells shows basal infoldings (thick
arrows) with elongated mitochondria (M) aligned in between the folds (Uranyl acetate & lead citrate; A x 1000, B, C&F x 4000, D &E x1500, Inset X3000)
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Fig. 11: Electron micrographs of the rat submandibular gland of Subgroup Illa. A: The acinar cells show small secretory granules (G) or merged ones (arrows).
They contain condensed contents (*). Pyknotic nuclei (N) and dilated cisternae of rER are observed (rER). B: The cell of GCT shows a nucleus (N) with
corrugated nuclear membrane and wide perinuclear space (arrows), swollen degenerated mitochondria (M) with electron dense material in the matrix (crossed
arrows), dilated Golgi (GA), multiple vacuoles (V) and rarefied cytoplasm (zigzag arrows). Some apical moderate electron dense secretory granules are also
detected (G). C & D: showing the striated duct with disrupted luminal border (crossed arrow), separation and loss of junctions between the cells (arrow). The
nuclei are heterochromatic (N). Some shows irregular nuclear membrane (arrow heads) and wide perinuclear space (tailed arrow). Cytoplasmic vacuoles (V) ,

areas of rarefaction (zigzag arrows), Dilated Golgi (GA), swollen mitochondria (M) and lysosomes (L) are noticed. There is also loss of basal infoldings (thick
arrows) (Uranyl acetate and lead citrate; A, B &D x 4000, Cx2000).
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Fig. 12: Electron micrographs of the rat submandibular gland of Subgroup IIIb . A: The acinar cell shows numerous apical electron lucent secretory granules
(G), some of them are merged (arrows) while others contain electron dense material (¥). Packed parallel rER cisternae (rER), heterochromatic nucleus (N)
and dilated Golgi saccules (GA) are observed. B: The GCT cells show secretory granules (G) of variable electron densities, rER cisternae (tfER) and many
mitochondria (M). However, shrunken nucleus (N) with peripheral chromatin and dilated Golgi saccules (GA) are detected. C: shows striated duct with intact
apical border and microvilli (MV), intact tight junction (arrows), desmosomes (thick arrows) and lateral interdigitations (tailed arrows) between the cells. Some
electron dense granules (G) and mitochondria (M) are detected. D: The basal part of the striated duct shows restoration of the infoldings (crossed arrows) with

irregular mitochondrial arrangement (M), shrunken heterochromatic nucleus (N). and secondary lysosomes (L) (Uranyl acetate and lead citrate; A, B&D x
4000, C x2000, Inset x3000.
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Fig. 13: Electron micrographs of the submandibular gland of Subgroup IVa. A: shows an acinar cell with electron lucent granules (G) and heterochromatic
nucleus (N) with irregular nuclear membrane. Fragmented rER, many polyribosomes (zigzag arrows) and vacuoles (V) are also noticed. B: showing a GCT
lining cell. There is a nucleus (N) with irregular nuclear membrane and wide perinuclear space (arrows), dilated Golgi (GA), multiple vacuolations (V),
autophagosomes (A) and areas of rarefied cytoplasm (crossed arrows). Electron dense granules (G) and mitochondria (M) are seen. C&D: show the striated
duct. There is irregularity and disruption of desmosomes between the cells (thick arrows). Some mitochondria are distorted (M1) or swollen with cristolysis
(M2). Dilated Golgi (GA), lysosomes (L), areas of rarefied cytoplasm (zigzag arrows) and lost basal infoldings (crossed arrows) are observed (Uranyl acetate
& lead citrate; A, B&D X4000; CX 2000, Inset X3000).
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Fig. 14: Electron micrographs of the submandibular gland of Subgroup IVb. A: shows an acinar cell with apical numerous electron lucent granules (G) and
packed parallel rER cisternae (rER). However, a heterochromatic nucleus with corrugated nuclear membrane (N) is seen. B: The cell of GCT reveals multiple
electron dense granules (G), mitochondria (M). Heterochromatic nuclei (N) are noticed C: showing the striated duct with intact tight junction (arrow) and
desmosomes between its cells (thick arrows). D: showing intact basal infoldings (crossed arrows) with irregular mitochondrial arrangement (M) and lysosomes
(L) in the striated duct (Uranyl acetate & lead citrate; A, B &D X 4000; CX1500, Inset X3000).
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Mean values +SD of submandibular gland MDA level (nmol/ml) among the studied subgroups
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Histogram 1: Tissue MDA level (nmol/mL) among the studied subgroups. Data expressed as mean = SD. P <0.05 is significant. Test used: One way ANOVA
followed by post-hoc tukey. A: significance vs subgroup Ia, B: significance vs subgroup Ib, C: significance vs subgroup II, D: significance vs subgroup Illa, E:
significance vs subgroup IIIb, F: significance vs subgroup IVa.

Mean values +SD of submandibular gland SOD level (U/ml) among the studied subgroups Mean values +SD of submandibular gland CAT level (U/L) among the studied subgroups
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Histogram 2: Tissue SOD (U/mL) (A) and CAT (U/L) (B) activities among the studied subgroups. Data expressed as mean + SD. P <0.05 is significant.
Test used: One way ANOVA followed by post-hoc tukey. A: significance vs subgroup Ia, B: significance vs subgroup Ib, C: significance vs subgroup II, D:
significance vs subgroup Illa, E: significance vs subgroup IIIb, F: significance vs subgroup [Va.

Mean values +SD of the number of GCT/HPF among the studied subgroups Mean values +SD of the diameter of GCT/HPF among the studied subgroups
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Histogram 3: The number (A) and diameter (nm) (B) of granular convoluted tubules / HPF among the studied subgroups. Data expressed as mean + SD.
P <0.05 is significant. Test used: One way ANOVA followed by post-hoc tukey. A: significance vs subgroup Ia, B: significance vs subgroup Ib, C: significance
vs subgroup 11, D: significance vs subgroup Illa, E: significance vs subgroup IlIb, F: significance vs subgroup IVa.
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Mean values +SD of the percentage % area of collagen fibers among the studied subgroups
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Histogram 4: Percentage % Area of collagen fibres among the studied
subgroups. Data expressed as mean + SD. P <0.05 is significant. Test
used: One way ANOVA followed by post-hoc Tukey. A: significance vs
subgroup la, B: significance vs subgroup Ib, C: significance vs subgroup
11, D: significance vs subgroup Illa, E: significance vs subgroup IlIb, F:
significance vs subgroup IVa.

DISCUSSION

The present work was designed to assess the
effect of hesperidin as an antioxidant to attenuate the
changes provoked by two regimens of cisplatin in rat’s
submandibular gland, and its role in restoration of the
glandular stem cells through biochemical, histological and
immunohistochemical analysis.

The rodent submandibular gland differs from that of
human in being composed of only one type of acini that
is described as “atypical serous acini”. It is like the serous
acini in morphology and size, but its cytoplasm is paler
than the serous acini and it secretes both amylase and
mucin®*34. In our study, we demonstrated these atypical
serous acini with their pyramidal lining cells that had
basophilic cytoplasm and moderate electron dense or
electro lucent granules by E/M. The Submandibular gland
was considered an excellent choice in our study because
it secretes vast amount of saliva (about 60%)55 and the
needed period for a drug to attain its highest concentration
in the saliva was short when compared to the parotid
salival?036],

In Cisplatin treated subgroups, there were biochemical,
histological and morphometric changes in the
submandibular gland. The severity of these changes was
dependent on the dose being more evident in subgroup
IIIa that received the single high dose regimen compared
to subgroup IVa that received multiple low dose regimen.
This come in line with Astolfi et al.’" who stated that
the severity of the side effects is mainly influenced by the
dosage of cisplatin and the higher initial dose produces a
high concentration in tissues and a long excretion time. In
many randomized trials, the cisplatin standard high dose
schedule has been changed to weekly low dose regimen to
avoid toxicity and to achieve good efficacy®.

Mean values +SD of the percentage % area of c-Kit immune reaction among the studied subgroups
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Histogram 5: Percentage % Area of c-Kit immune reaction
among the studied subgroups. Data expressed as mean + SD.
P <0.05 is significant. Test used: One way ANOVA followed by post-hoc
tukey. A: significance vs subgroup la, B: significance vs subgroup Ib, C:
significance vs Group II, D: significance vs subgroup Illa, E: significance
vs subgroup IIIb, F: significance vs subgroup IVa.

MDA is an outcome of free radicals induced
peroxidation of lipids in the cells. So, It is widely used as
oxidative stress marker®. SOD and CAT are antioxidant
enzymes*. In the present study, the oxidant antioxidant
ratio is affected; The tissue level of MDA showed
significant elevation while the activities of SOD and CAT
enzymes showed significant reduction in cisplatin groups
compared to the control group especially subgroup Illa.
These data indicates that cisplatin can induce a state of
oxidative stress. The same findings were documented by
Zhu et al.*1,

In the current work, multiple cytoplasmic vacuolations
were demonstrated in the cells of acini and ducts being
marked in subgroup I1la .Similar finding was reported with
cisplatin administration by Hany et al.**! and Dessoukey
et al.™. The latter attributed this observation to the free
radicals—induced damage of the cellular components.
In addition, Shubin et al.*¥ stated that the cytoplasmic
vacuoles might be caused by the mitochondrial damage
with subsequent failure of cell metabolism and sodium
entrance that cause breakdown of large molecules and
appearance of these vacuoles.

GCTs are considered a special duct in the submandibular
gland of rodents located between the intercalated and
striated ducts. They secrete regulatory peptides and nerve
growth factors*). They showed degenerative changes
with cisplatin treatment. Their lining cells were destructed
leaving large empty spaces and showed loss of secretory
granules. The present data were in line with Dessoukey
et al.™ who recorded such changes in the submandibular
gland of animals receiving cisplatin. Furthermore,
Elsharkawy and Alhazzazi*®! observed few eosinophilic
granules in GCTs following antidepressant drugs. Krishnan
et al* mentioned that many factors contribute to the
oxidative stress-induced ductal degeneration necrosis,
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apoptosis, senescence, autophagy, calcium channels
activation and damage of stem cells. Certain proteins and
cytokines control these factors leading to cytotoxicity with
subsequent ductal degeneration. Some nuclear changes
were also detected in GCTs cells such as pyknosis or
karyolysis. This might be due to the cisplatin-induced
DNA damage directly or indirectly through the oxidative
stress with the resulting cell death.

Statistical analysisrevealed thatthenumberand diameter
of GCTs in subgroup I1la and I'Va was significantly lower
than control group. But these parameters were significantly
higher in subgroup IVa. In parallel with our finding
Mahmouzadeh-Sagheb et al.*! noticed reduced volume
of granular convoluted tubules in the submandibular gland
of lithium treated rats and they attributed this data to the
suppression of cAMP-signaling pathway with subsequent
reduction of DNA and protein synthesis in GCTs.

In the current work, dilatation of striated and
interlobular ducts with stagnant secretion was noted in
subgroups IIla and I'Va. Such finding was also noticed by
Labah and Wahba®”! with cisplatin in the submandibular
gland. Taghyan er al.*® explained this ductal dilatation
and the stagnant secretion by the mitochondrial damage
with subsequent failure in transport process of secretions.
Furthermore, Dessoukey et al.*¥! mentioned that the
damaging effect of cisplatin on the myoepithelial cells
leading to stagnation of secretion in the duct lumen, failed
saliva ejection and xerostomia.

In cisplatin treated animals, congested blood vessels
were noticed. This finding could be due to the direct
toxicity of cisplatin on the wall of the vessels that is
followed by ischemia and congestion*. Moreover,
the inflammation that aims to transport more blood to
the inflamed degenerated tissue may be an additional
causel®, Intraepithelial lymphocytes were also found.
This was in accordance with Seyhan et al.’ in the uterus
of the rats receiving cisplatin. It might be as a result of
excessive ROS and lipid peroxidation that damage the
epithelial cell membranes followed by infiltration of
lymphocytest*l.

Mallory’s  trichrome stained sections in the
submandibular gland of subgroups Illa and IVa showed
excessive deposition of irregularly arranged collagen
fibers in the thick capsule and septa, around the acini,
ducts and blood vessels being more marked in subgroup
IITa. These results were proved by the significant elevation
of the collagen fibers percentage area in such subgroups
relative to control group I. However, the collagen fibers
percentage area in subgroup IVa was significantly
lower than subgroup IIla. Same finding was recorded
by Nakagawa et al®* in rat kidney after cisplatin
administration. It was mentioned that the irregular collagen
fibers is due to cisplatin- induced impaired collagen matrix
formation®*!. Nishat and Kumar®®® proved that Parallel
type I and perpendicular type III collagen fibers form a
mesh-like structure that is histopathologically seen in the

form of excessive fibrosis suggesting the role of type III
collagen fibers in this process. Oxidative stress excites
gene expression of collagen synthesisP®”. In addition Li
et alB® declared cisplatin stimulates alphal chain of
collagen type I through activation of its gene expression
and disturb the extracellular matrix .

Regarding the c-kit immune staining in the current
study, decreased immune reaction in the duct cells was
observed in cisplatin treated subgroups Illa and I'Va and
the percentage area of c-kit immune reaction in these
subgroups showed significant decrease compared to control
group I. Although, it revealed a significant increase in
subgroup I'Va relative to IIla. This decrease could be due to
depletion of stem cell pool. The present data were parallel
with Lombaert et a/.*! and Jasmer et al.l!. They noted,
following irradiation; there was an evident decrease in the
salivary gland stem cells and attributed the irreversible
irradiation-induced hypo-salivation to the sterilization of
these primitive glandular stem cells.

The current work revealed ultrastructural changes in
the acinar and duct cells of cisplatin treated subgroups
and supported the light microscopic findings. Similar data
were provided by Labah and Wahba®” and Dessoukey
et al.™in the submandibular gland of cisplatin treated rats.

In this work, Fusion between secretory granules of the
acinar cells was noted. In line with this finding Kassab and
Tawfik®" noticed merged secretory granules in the form of
little lakes in the submandibular gland following caffeinated
energy drink. These merged granules might indicate
development of adaptive mechanisms®? or might be due
to oxidative stress caused by cisplatin with the resulting
cellular damage and membranes decompositiont”.
Furthermore, cytoplasmic rarefaction was also observed in
some duct cells. In agreement with this Nasr and Saleh!®
found such areas in renal cells of cisplatin —treated rats and
referred this observation to the direct toxicity exerted by
cisplatin

Cisplatin-induced damage of the cellular organelles
was also demonstrated in this study. Dilated fragmented
rER and dilated Golgi were found. In parallel with this
result Abdel Mohsen ef al.* noticed dilated Golgi in
the Purkinje cells of cerebellum in cisplatin treated rats.
These findings might be caused by the oxidative damage
with subsequent peroxidation of lipids and injury to the
cell and organelles membranes followed by sodium and
water influx which in turn causes distention of these
organellest’%l,  Moreover, damaged, bizarre shaped,
swollen mitochondria with cristolysis was found and might
be due to cisplatin-induced toxicity and oxidative stress.
Maj et all® mentioned cisplatin causes accumulation
of p53 in mitochondria followed by cell apoptosis and
reduction in its membrane potential leading to malformed
shape and cristae disorganization. In addition, mitochondria
with variable length with electron density was reported by
Nasr and Saleh!®! who attributed this to the mitochondrial
response to overcome the stress of cisplatin on the renal
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tissue. Secondary lysosomes were also frequently observed
in the cells of ducts with cisplatin treatment in our work.
It was mentioned that the amount and type of cytoplasmic
lysosomes indicates the severity of cell damage!®”.

The striated duct showed loss of basal infold—ings
in subgroups Illa and IVa which might be a sign of
cisplatin toxicity Similar finding was reported by Kassab
and Tawfikl®). Moreover, damaged the cell junctions
was also found. It was documented that cisplatin causes
delocalization and alterations in the junctional proteins(®.

In this study, pre-treatment with hesperidin in subgroups
IIIb and IVb improved the biochemical, histological,
and ultrastructural changes compared to subgroups Illa
and IVa. A significant reduction of MDA and significant
elevation of SOD and CAT was found. The submandibular
gland showed relatively intact structure however minimal
focal changes were noticed. Moreover, the number and
diameter of GCTs was significantly higher. These data
indicate a good chemoprotection and antioxidant efficacy
of hesperidin against cisplatin-induced submandibular
damage. However, this improvement was less marked in
subgroup I'Va that received hesperidin and high single dose
of cisplatin that might be explained by the severe oxidative
stress which couldn’t be prevented to a great extent by
hesperidin.

Similarly, hesperidin has been used in series of previous
studies and has shown to exert a chemoprotective effect in
different tissues!''82% or against other chemotherapeutic
drugs!®*7" and a radioprotective effect in the submandibular
gland® and various tissues’”. In these studies, the
hesperidin protective effect is through its actions against
oxidative damage, inflammation, and apoptosis.

Mallory’s trichrome stained sections of subgroups IIIb
and I'Vb showed few regular collagenous fibers in the thin
capsule, septa, periacinar and periductal and the percentage
area of collagen fibers in these subgroups was significantly
lower than subgroups Illa and IVa respectively. It was
previously mentioned that hesperidin can prevent hepatic
fibrosis”® and the experimentally induced pulmonary
fibrosis!™. The latter attributed the hesperidin antifibrotic
effect to the reduction of oxidative injury and the molecular
pathways that attenuate the modulation of inflammatory
and pro-inflammatory cytokines to decrease deposition of
collagen.

Strong and abundant c-Kit immune reaction in the cells
of striated and intercalated ducts was found in subgroups
IITb and IVDb and statistically proved by a significant
increase of the percentage area of ¢-Kit immunoreactivity
compared to subgroups Illa and IVa. These findings
could be due to antioxidant action of hesperidin allowing
more stem cells to survive, proliferate thus restoring the
glandular stem cell pool. In line with the present findings,
Kwak et al.’® mentioned there is an actively cycling
stem cell population in the secretory complex of mouse
submandibular gland. This complex comprises two parts;
the acini and GCTs connected with the intercalated ducts

together with the surrounding myoepithelial cells. They
added, this population of progenitor stem cells mainly
reside in special region in the intercalated ducts. They are
found early in life and persists in adulthood contributing to
the homeostasis, formation of ducts and may have effects
in neoplasia or radiation-induced injury. In addition, Matias
et al.U% stated that the flavonoids can provide an alternative
therapeutic approaches in the neural diseases therapy as
they affect the function, survival and differentiation of
neurons and Xiao et al.”’7 mentioned that hesperidin can
improve the self-renewal of mesenchymal stem cells and
its ability for cartilage tissue repair through its powerful
antioxidant activity.

CONCLUSION

Cisplatin causes dramatic alterations in the rat
submandibular gland being more evident with the single
high dose regimen than the multiple low dose regimen.
Hesperidin exerts a powerful chemoprotective efficacy
and alleviates cisplatin-induced submandibular damage
through its antioxidant and antifibrotic activity. Moreover,
hesperidin enhanced restoration of the stem cell population
within the glandular secretory complex. So, hesperidin
may have the potentiality for clinical use in cancer patients
as it can be applied with cisplatin chemotherapy to prevent
or reduce its side effects.
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