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Aim: The purpose of this study was to explore the potential of DFO an iron chelator drug in prevention of irradiation-
induced oral mucositis and to monitor the immune-expression of vascular endothelial growth factor (VEGF) in irradiated
and radioprotected rats.

Materials & Methods: Thirty male Albino rats were divided into three groups (n =10): Control group (GC): received no
treatment, Irradiated group (GI): received a single radiation dose of 10 Gray on the head and neck region, Deferoxamine
group (GD): rats received intraperitoneal injection of 50 mg/kg of Deferoxamine for three days before being irradiated like
in GI. Rats were sacrificed the 12th day post-irradiation. Their tongues were dissected and processed for H&E staining and
immunohistochemical detection of VEGF, the angiogenic marker.

Results: Examination of GI revealed an apparent reduction in the thickness of the epithelium and some ulcerative areas. In
the lamina propria, dilated engorged blood vessels and degenerative areas were detected. GI showed VEGF
immunopositivity in the epithelial layers as well as in the endothelial and connective tissue cells of the lamina propria.
VEGF immunopositivity was statistically reduced when compared with GC. GD showed an apparent increase in the
epithelium thickness with restoration of epithelial integrity and minimal degeneration of the lamina propria. GD presented
marked VEGF immunostaining with a statistically significant increase compared to GI.

Conclusion: The findings of this study showed that Deferoxamine exerted a protective effect against radiation-induced oral
mucositis with possible association of VEGF overexpression in reduction of mucositis histopathological damage.
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Introduction

Radiotherapy remains the cornerstone in
treatment of patients with head and neck
cancers, but it is unfortunately accompanied
by inevitable damage to oral mucosa and
surrounding structures in the radiation field
11,21 Oral mucositis (OM), being one of the
major complications secondary to cancer
therapy was reported to occur in up to 100%
of patients undergoing radiation therapy for
head and neck Bl. OM refers to erythema
and/or ulceration of the oral mucosa, it is a
painful condition that causes dysphagia,
reduce oral intake, weight loss and secondary
infections. Eventually, severe complications
lead to cancer treatment interruption, extend
hospitalization and the use of feeding tubes
which could worsen tumor prognosis and
increase health care cost 4% Hence,
adequate prevention and timely management
of radiation induced-OM is crucial in limiting
the severity of mucositis and improving
compliance to radiation for better tumor
control "1,

Following irradiation (IR), injury of basal
epithelial cells, vascular endothelial and
submucosal cells initiate OM [ By
interacting with biological tissues, ionizing
radiation produces reactive oxygen species
(ROS) that damage proteins, DNA and lipids
causing cell dysfunction and apoptotic cell
death "% Vascular endothelial cell damage
following IR was previously detected in vitro
1-131 and also in various organs of different
animals #1831 In the oral cavity, injury of
capillary endothelial cells with reduced
vascular density of murine salivary glands
was detected four hours after IR 31, More
importantly, the transfer of wvascular
endothelial growth factor (VEGF)
complementary DNA to glands endothelial
cells could overcame IR drawbacks by
increasing angiogenesis and restoring the
salivary fluid secretion.
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Deferoxamine (DFO) is an FDA approved
iron chelator used to treat conditions of acute
iron poisoning and chronic iron overload in
patients who undergo multiple blood
transfusions 2% It has also shown
antioxidant and antiapoptotic 2125 as well as
angiogenic [26-281 and wound healing
properties 2l DFO was also proposed as a
therapeutic agent that could improve tissue
repair and regeneration in irradiated mice’s’
salivary glands *2! and ameliorate radiation-
induced skin injury 13%-31:321,

However, the radioprotective
efficacy of DFO was not thoroughly
investigated, therefore, this study was
designed to investigate the protective
potential of DFO on radiation-induced oral
mucositis in rats’ tongue. The angiogenic
effect of DFO  pretreatment  was
immunohistochemically investigated through
expression of VEGF antibody.

Materials and Methods
Experimental Animals and
Statement
This study was conducted on thirty

male Albino rats, weighing about 200-250
grams each. Rats were housed in separate
cages in Ain Shams University Animal
House under controlled temperature,
humidity, and dark-light cycle. Rats were
maintained under good ventilation and
adequate stable diet comprising of fresh
vegetables, dry bread and tap water for the
duration of the experiment. The whole
experiment was conducted as reviewed and
approved by institution guidelines of Ain
Shams  University Ethical Committee
(Approval number: FDASU - REC
IR011744).
Experimental Design

The rats were randomly divided into three
groups (n =10): (1) Control group: received
no treatment or irradiation (2) Irradiation
group (GI): exposed to a single dose of 10
Gray (Gy) radiation to the head and neck

Ethical
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region (3) DFO pretreated group (GD): rats
were intraperitoneally injected with 50 mg/kg
body weight DFO for three consecutive days
before irradiation with 10 Gy to head and
neck region. All animals were sacrificed at
the 12 day following irradiation exposure.
Administration of DFO

Sterile lyophilized Deferoxamine
methylate powder supplied in glass vials (500
mg) Desferal ™ (Novartis Pharma, USA)
was dissolved in 40 ml of sterilized water to
be injected intraperitoneally at a dose of 50
mg/kg body weight for three consecutive
days before irradiation 1221,
Animals Irradiation

Rats of GI and GD were immobilized
by anesthesia protocol, they were injected
intraperitoneally with sodium pentobarbital
(Nembutal®, 40 mg/kg body weight) and
ketamine chloride (Ketalar®, 40 mg/kg body
weight) 3. Anaesthetized rats were
irradiated at the National Cancer Institute
(NCI), a cobalt 60 source (energy 1.25 MV,
THERATRON 780 E) was used at a dose rate
of about 139¢Gy/min. Heads of 10 rats were
positioned in the same irradiation field for
radiation exposure at a single dose of 10 Gy
and the rest of the body was covered with a
lead plate 34331,
Specimen Preparation

All animals were sacrificed by
anesthetic overdose 12 days after irradiation,
their tongues were dissected to a sample size
of five mm in diameter, fixed in 10% neutral
buffered formalin, dehydrated in graded
alcohol, cleared in xylene and then embedded
in paraffin. Sections of 4-6 . thickness of the
ventral surface of the tongue were cut and
processed for light microscopic examination
of hematoxylin and eosin (H&E) staining and
anti-VEGF immunohistochemical staining.
Immunohistochemistry
- Four-micron thick sections were fixed for
an hour in a 65° C oven. -
Slides were placed in a coplin jar filled with
60 ml of Triology working solution, the jar

Involvement of Vascular Endothelial Growth Factor in Deferoxamine Radioprotection

of Rat Oral Mucosa| Maryam Salah Ibrahim et al. SEPTEMBER2022.

was securely positioned in the autoclave at a
temperature of 120 C° for 15 min after which
pressure was released and the coplin jar was
removed to let the slides cool for 30 min.
- Sections were then washed and soaked in
Tris Buffer Saline (TBS) to adjust the pH,
this was repeated between each step of the
technique. - Sections were
incubated in 0.05 mg/ml proteinase K in 0.05
M Tris-HCI, 0.01 M EDTA, and 0.01 M
NaCl, pH 7.8, for 10 minutes at 37°C to allow
nuclear permeation.

-Quenching endogenous peroxidase activity
was performed by immersing slides in 3%
hydrogen peroxide for 10 minutes. Abroad
spectrum LAB-SA detection system from
Invitrogen (Sigma Pharmaceuticals) was
used to detect any antigen-antibody reaction
in the tissues. -
Background staining was blocked by placing
2-3 drops of 10% non-immune goat serum
blocker on each slide and incubating for 10
min n a humidity chamber.
- Excess serum was drained from each slide,
2-3 drops of ready to use primary mouse
monoclonal anti-VEGF were added and
slides were then incubated for one hour in the
humidity chamber.

-Biotinylated secondary antibody was then
applied to each slide for 20 minutes followed
by a 20-minute incubation with the enzyme
conjugate.

- DAB chromogen was prepared, and 2-3
drops were applied on each slide for two
minutes and then rinsed, followed by Mayer
Hematoxylin counterstaining application.
-All the slides were examined under a light
microscope for evidence of a brown reaction
product of the DAB substrate.
Histomorphometric Measurements
Histological and immunohistochemical
assessments were performed to respectively
measure the epithelial thickness in H&E
sections and area percentage (%) of VEGF
immunopositivity in immunohistochemical
sections. This was carried out in the Precision
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Measurement ~ Unit, Oral  Pathology
Department, Faculty of Dentistry, Ain Shams
University using Image J software (Version
1.41a, NIH, USA).

The thickness of the epithelium
covering the ventral surface of the tongue
was assessed in H&E-stained sections using
Leica Quin 500 analyzer computer system by
drawing a straight line demonstrating the
distance from the basement membrane to the
top layer of epithelial cells. Thickness was
estimated at four different points, in four
different fields of view for each specimen,
under magnification (%x200). The image
analyzer 1is calibrated automatically to
convert the measurement units (pixels)
produced by the image analyzer program into
actual micrometer units.

For evaluation of VEGF
immunopositivity, four microscopic fields
showing highest immunopositivity were
assessed for each section. The area % of
immuno-positively  stained area  was
measured automatically, it was expressed as
a percentage the immuno-positively area to
the total area of the microscopic field. Fields
were recorded with a digital camera (Canon
DSLR EOS 1200D, Japan) attached to a light
microscope (BX60, Olympus, Japan). The
obtained images were then transferred to the
computer system for analysis.

Statistical analysis

Recorded data were analyzed using the
statistical package for social sciences,
version 20.0 (SPSS Inc., Chicago, Illinois,
USA). Quantitative data were expressed as
mean+ standard deviation (SD). As the data
followed normal distribution, the one-way
analysis of variance (ANOVA) was used
when comparing between means of the
variables (epithelial thickness and area
fraction % of VEGF immune-staining) in the
different groups, followed by least significant
difference (LSD) post hoc test if result of
(ANOVA) test was significant. P value of
<0.05 was considered statistically significant
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and P-value <0.001 was considered as highly
significant.

Results
i. Histological Results

Control Group (GC)

Examination of histological sections
of the rat’s ventral surface of tongue in GC
showed normal architecture of epithelium,
lamina propria and striated muscles. The
epithelial covering consisted of a keratinized
stratified  squamous  epithelium.  The
epithelial layer was separated from the
underlying lamina propria by the basement
membrane (BM) which presented short and
numerous  epithelial ridges. The lamina
propria (LP) presented connective tissues
cells, fibers and blood vessels (BVs) (Fig 1a).
Irradiated group (GI)

Histological examination of this
group revealed apparent reduction in the
thickness of both, the epithelium and its
overlying keratin layer which also showed
separation from underlying layer (Figlb, e).
The epithelial ridges appeared reduced in
height and nuclear changes (Fig 1d) were
detected in the basal cells (Fig 1b). Focal
discontinuity of epithelium and BM was also
detected (Fig Ic).

The  underlying LP  showed
degenerative areas (Fig 1c, d), many BVs
were dilated and engorged with RBCs (Fig
1b, d), others showed fibrotic vessel wall (Fig
le). The LP revealed areas of heavy chronic
inflammatory cell infiltration (Fig 1d)
whereas extensive areas of degeneration and
hyalinization were noticed in the LP of some
sections (Fig le). Areas of separation were
seen between lingual muscle fibers (Fig 1b,
c).

Group pretreated with DFO (GD)

This group showed a histological picture
of epithelium, LP and muscle fibers almost
comparable to control. An apparent increase
in epithelial thickness and overlying keratin
layer was observed when compared to
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irradiated group and epithelial ridges
appeared more defined. Many small BVs
were observed in the LP and some
degenerated areas were seen between lingual
muscle fibers (Fig 11).

ii. Immunohistochemical staining results
(Anti VEGF Antibody)

Control Group (GC)

Examination of anti-VEGF stained
sections of the rat’s lingual ventral surface of
GC revealed well expressed
immunopositivity in the basal, prickle and
granular  epithelial cell layers. The
immunoreaction was mainly cytoplasmic
with nuclear involvement. VEGF immune-
expression was seen in the endothelium
lining BVs of the LP and to a less extent in
LP cells where immunoreaction was mainly
cytoplasmic with some cells displaying
nuclear involvement (Fig 2a).

Irradiated Group (GI)

Examination of GI showed weak VEGF
immunopositivity in the epithelium and LP.
Almost all epithelial layers displayed
cytoplasmic  immunopositivity,  nuclear
involvement was mainly detected in basal
cell layer. Endothelial and connective cells of
the LP displayed cytoplasmic
immunostaining with only few nuclei
involved (Fig 2b).

DFO pretreated group (GD)

The ventral mucosa of rat’s tongues
of GD showed generalized marked VEGF
immunostaining. Positive immunostaining
was detected in all epithelial layers with
nuclear involvement in basal and spinous cell
layers as well as in LP cells and BVs
endothelia (Fig 2c¢).

iii. Statistical Analysis

1. Area  percentage of  vascular
endothelial growth factor
immunohistochemical expression

By using ANOVA, a highly
significant difference between means of the
three studied groups was found (p-value
<0.001). By using post hoc LSD test, GI
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showed a significantly reduced VEGF area %
immunopositivity compared with GC and
GD. Meanwhile, VEGF area % in GD was
significantly higher compared with GI and
GC (table 1, fig.3).
2. Epithelial thickness

By using ANOVA, there was highly
statistically significant difference between
the three studied groups (p-value <0.001). By
using post hoc LSD test, the epithelial
thickness of GI was significantly reduced
compared with GC and GD. Meanwhile GD
showed a significant increase compared with
GI and a significant decrease in the epithelial
thickness when compared with GC (table 2,
fig.4).

Discussion

The effective concrete intervention
for prevention and/or treatment of radiation-
induced OM has not been yet identified and
only palliative measures were reported 1361,
The ideal strategies that could restrain the
severity of collateral radiation-induced
damage are either prophylactic treatment
modalities or those targeting the earliest
stages of OM B In a previous rat model of
radiotherapy-induced glossitis, endothelial
cell injury and apoptosis were reported as
early as three days after IR, representing an
early sign of OM which preceded epithelial
injury P71, Therefore, this study explored the
potential of DFO, the iron chelator drug with
angiogenic properties 126281 in preventing
radiation-induced oral mucositis.
In this study, the ventral surface of the tongue
was the tissue of choice to explore the effect
of IR on oral mucosa due to its greater
sensitivity to ionizing radiation as it does not
present a thick keratinized layer, it can also
provide sufficient space for adequate tissue
collection B8, Moreover, tongue ulceration
was described to represent mucosal damage
occurring in high-grade OM in patients
undergoing cancer treatment 31,
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Figure 1: Photomicrographs of rat’s ventral surface of tongue
(H&E-stained sections, orig. mag. X 200) of groups a) GC
showing keratinized stratified squamous epithelium displaying
short numerous epithelial ridges, LP with numerous multi-sized

BVs and well-formed striated muscle bundles. b) GI showing
apparent reduction in epithelial thickness with keratin
separation and dilated BVs engorged with RBCs in the LP
(green arrow). Degenerative areas are seen in LP and muscle
layer (blue arrow). ¢) GI showing partial loss of epithelium
(black arrow), areas of massive intramuscular destruction (blue

) arrows). d) GI showing heavy inflammatory cell infiltrate deep
’ _/in/LP (blue arrows) and dilated BVs engorged with RBCs. ¢) GI
showing LP many degenerated areas (black arrow) in the LP
and a BVs with thickened wall (blue arrow). f) GD showing a
histoloic picture of epithelium and LP almost similar to GC.

,/ ’ ) {4 f Notg pr sgln/ce((if lppqy sma‘!ll s in the LP.
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Table 1: Comparison between groups GC, GI and GD according
to means of area percentage of VEGF immunopositivity

Area % GC GI GD ANOVA p-value
Mean+ SD 19.55+0.57B | 12.77+529C | 23.68+2.01A x
Range 19.15-20.21 8.21-18.56 21412524 25325 <0.001

**p-value <0.001 highly significant
Different capital letters indicate significant difference at
(p<0.05) between means

Table 2: Comparison between means of epithelial thickness in
groups GC, GI and GD

*’f.’{' Epithelial { GI GD ANOVA | p-value
Meanz SD TIGIS21606A | 221854 75C | #A6126578 | == | '
Range 5407395821 | 100.12-16224 | 4177847095 | - :

**p-value <0.001 highly significant
Different capital letters indicate significant difference at
(p<0.05) between means

30

25 A

20
10 -
5 B
0 4
GC GI GD

Fig. 3: Bar chart showing means of area percentage of VEGF
immunopositivity in groups GC, GI and GD

Area %
—
W
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Figure 2: Photomicrographs of VEGF immunolabelling of

400 -
300 -
200 A
100 - -
0 T T
GC GI GD
ventral surface of rat’s tongue (Anti VEGF X400): a) GC

displays well expressed VEGF immuno-reactivity in basal, Fig. 4: Bar chart showing means of epithelial thickness in groups
prickle and granular epithelial cell layers as well as many BVs GC, GI and GD

and cells of LP. b) GI showing weak VEGF immune reaction in
the epithelium and in BVs and cells of LP (black arrow). ¢) GD
showing marked VEGF immunostaining in the epithelium, LP
cells and BVs endothelia.
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In the current study, the route of DFO
administration was chosen to be the
intraperitoneal route as it was reported to
be a well-tolerated route in conditions of
head and neck IR associated with oral soft
tissue atrophy %1, The sacrificing date
was chosen to be the 121" day following
IR based on rat model of radiation-
induced glossitis where histopathological
changes developed at 5to 6 day post-
irradiation and aggravated from 7" to15%
day 411,

When H&E stained sections of the
irradiated group were examined, an
apparent reduction in the thickness of the
lingual epithelium was observed, when
compared with GC. Ulcerative lesions
were also evident. Nuclear changes were
detected in the basal cells and epithelial
ridges appeared reduced in height. In the
underlying LP, many BVs were dilated,
engorged with RBCs and others showed
thickened vessel wall. Heavy chronic
inflammatory cell infiltration and
degenerative areas were also detected.

Histopathologic findings of GI are in
accordance with study on radiation-
induced glossitis rat model where
development of ulcerative lesions,
appearance of extensive engorged BVs
and inflammatory cells were reported at
7-15 days post-irradiation 411,

In irradiated oral mucosa, the reduction in
epithelial  thickness * i1s attributed ~ to
interference of ionizing radiation with cell
mitosis. This reduces the regenerative
capacity of the oral mucosa and causes a
steady decline in the number of epithelial
cells. It was further clarified that epithelium
was affected by apoptotic and cytotoxic
effects of IR on the dividing basal cells within
the first week of IR Bl The reduction in
epithelial thickness detected in GI is in
agreement with earlier findings of radiation-
induced OM studies 3% 42l in the lingual
epithelia of rats and mice respectively.
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In the current study, the reduced
epithelial thickness observed in H&E
sections of GI was found to be statistically
significant when compared with GC. This
finding is parallel with results of a study *8!
reporting a decrease in epithelial cell density
of human mucosal biopsies taken before and
during head and neck radiotherapy course.
The decrease was about 50% of the pre-
irradiation value during the first week
following IR. The ulcerative lesions observed
in H&E stained sections were similarly
reported in previous studies of radiotherapy-
induced glossitis  B743441 Oral ulcer
development was reported to occur after the
first week of IR, when epithelial cell death
threshold was exceeded and desquamating
cells reached the basement membrane which
then disrupted exposing the underlying LP *
45]

It 1s understood that IR initiates injury-
producing pathways that affect epithelial and
endothelial cells through activation of
nuclear factor-kB and NRF-2 that stimulated
the  production of  pro-inflammatory
mediators such as tumour necrosis factor
(TNF-a), and interleukins (ILland IL6).
Continuous expression of these inflammatory
mediators prolonged tissue damage, resulting
in the loss of oral membrane integrity and
development of oral ulcers 146471,

In the current study, presence of
nuclear  changes specially in the basal
epithelial cells of the irradiated group come
in agreement with the results of a study
reporting clumped chromatin, nuclear
swelling and pleomorphism in upon
irradiation 31, Radiation-induced mucositis
was reported to be triggered by direct damage
to basal epithelial cells and underlying cells.
DNA fragmentation is known to be the
primary effect of ionizing radiation causing
cell damage, while reactive oxygen species
generation mediates non-DNA damage 1.

In the present study, vascular changes
were detected in the LP of the irradiated
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group. Mechanisms underlying vascular
injury following IR were clarified in several
studies and were mainly attributed to
augmented expression of TNFa and platelet-
derived growth factor (PDGF) 1 which
stimulate events including intimal thickening
with concomitant shrinkage in lumen size
and break down of elastic and muscle fibers
of the vessel walls eventually leading to
functional inefficiency of the BVs I% 3%, The
early decrease in perfusion following IR was
also reported to occur when leukocytes
infiltrate BVs and fibrin plugs form B3¢,
Moreover, the endothelial cells lining the
BVs swell and undergo hyperplasia leading
to small vessel occlusion, hypoperfusion and
eventual tissue hypoxia 31481, Finally, it was
postulated that following IR, ROS caused
damage to the endothelial cells lining the
local BVs in the surrounding healthy tissues
[51]

In a previous study P, the vascular
changes occurring in OM were described to
be accompanied by edema of epithelial rete
pegs which go along with our results.
Meanwhile, destruction of BVs integrity and
vasodilatation observed in irradiated group of
this study are in parallel with those reported
in a earlier study of radiation-induced
glossitis 371,

The degenerative areas detected in the
LP of GI are in accordance with an earlier
study finding 32 Inflammation and ROS
generation following IR were explained to
cause oxidative stress to cellular components
leading to  activation  of  matrix
metalloproteases (MMPs) causing
subsequent extracellular damage 1531,

In the current study, the inflammatory
cell infiltration detected in the LP of
irradiated rats was similarly reported to
accompany mucositis ulcer Bl It was
reported to result from bacterial cell wall
products that reached the submucosa and
stimulated macrophages proinflammatory
cytokines production and release of
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additional MMPs resulting in more
inflammation.  Our results are also in
agreement  with  findings  reporting
inflammatory cell infiltration in the lingual
ventral surface of head and neck irradiated
rats, two weeks following IR B34,

Examination of H&E stained sections
of rats pretreated with DFO revealed an
improved histological picture with increased
small BVs when compared with irradiated
group. The histological observations of GD
parallel those found in earlier DFO studies 3%
A reporting that prophylactic
administration of DFO was found to reduce
injury to ischemic skin tissues. The
association of DFO in upregulating cytokines
and growth factors following IR are thought
to be mediated by mainly two main
mechanisms depending on its iron chelating
properties B1Sl: Firstly, DFO stabilizes
hypoxia-inducible factor -1 alpha (HIF-1a),
the powerful transcription factor for
numerous proangiogenic genes by limiting
iron-dependent degradation. This
consequently upregulates the downstream of
pro-angiogenic growth factors production
like  VEGF and endothelial nitric oxide
synthase 35 571 improving tissue
vascularization and augmenting oxygen and
nutrient supply to injured tissue. Secondly,
DFO decreases oxidative stress and
inflammation accompanying tissue ischemia
by restraining iron-mediated ROS generation
158591 DFO was therefore found to possess a
crucial advantage over other drugs which
increase HIF-1a levels ?°l.  Interestingly,
histological sections of the current study
showed that DFO pretreated group was more
similar to control than irradiated group by
most measures. This could highlight a
promising approach to address detrimental
collateral oral mucosal injury following head
and neck IR.

To evaluate whether vascular
alterations detected in H&E sections of the
present study resulted from variation in
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VEGF expression, its immune-expression
was examined in the different groups. VEGF
is established as a key regulator of
physiological angiogenesis during
development and also in pathology 6%,

In the current study, the control
mucosa revealed positive VEGF
immunostaining in  many  epithelial,
endothelial as well as connective tissue cells,
which is in accordance with previous
reported results in rat’s tongue [¢!l. Although
VEGTF acts mostly on endothelial cells, it was
also reported to bind to VEGF receptors on
hematopoietic stem cells and monocytes of
the connective tissue [621. Meanwhile,
keratinocytic VEGF was shown to be a potent
and selective mitogen for dermal
microvascular endothelial cells during
physiological processes such as skin wound
repair (631,

In the current study, examination of
VEGF immunolabelled sections of GI
revealed an apparent decrease in VEGF
immune-expression when compared with
GC. This was statistically supported by the
significant area % reduction of VEGF
immunolabelling when comparing GI with
GC. Reduced VEGF immune-expression in
GI could be explained based on the findings
reporting apoptosis of vascular endothelial
cells in radiotherapy-induced glossitis rat
model and clarifying that the highest
percentage of apoptosis was detected at eight
days post-irradiation B7l, Results of GI go
along with those reporting that only
irradiation dose higher than 10 GY could
produce VEGF in human vascular
endothelial cells 141,

In the present work,
immunohistochemical examination of VEGF
expression in the tongue mucosa of the DFO
pretreated group showed a marked
immunopositivity in epithelial, CT and
endothelial cells. This was statistically
supported by the significantly higher VEGF
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area% immunolabelling of GD when
compared to control and irradiation groups.

In several studies, DFO was reported
to promote revascularization of ischemic
tissues in various pathologic conditions via
VEGF- mediated pathway 2632 65671 1t was
explained that in hypoxic conditions,
expression of HIF-1a (the oxygen-sensitive
molecule) is upregulated with subsequent
regulation of target genes like VEGEF.
Normally, HIF-la is degraded by prolyl
hydroxylase domain-containing protein 2
(PHD?2). Through its iron chelating property,
DFO could stabilize HIF-1a by chelation of
the iron co-factor for PHD2 activity 6], This
lead to increase generation of angiogenic
factors, including VEGF and recruitment of
endothelial progenitor cells enhancing blood
vessels formation [24:68.691,

DFO was previously described to
possess a dual nature that promoted BV
growth 7% as it could prevent endothelial
cell death by reducing perivascular ROS and
additionally, depending on its angiogenic
property, it could also increase microvascular
regeneration. So, this DFO dual nature could
explain the significant increase of VEGF area
% immunopositivity in GD compared with
the other two studied groups and precisely
with GC, where mean of VEGF area %
immunopositivity in GD was found to
surpass that of the control.

In the present study, the significant
increase’ “in- area % of VEGF
immunopositivity in GD when compared
with GI suggested enhanced angiogenesis in
the DFO pretreated group. This was revealed
histologically by appearance of numerous
small BVs and could be also correlated with
the minimal histopathologic damage revealed
in GD. This suggestion is based on the
clarification of Hou’s study 951 when
investigating  the effects of DFO
intraperitoneal injection on cutaneous
wound. The investigators explained that DFO
enhanced vasculature formation, increased



ASDJ September 2022 vol 27 Histopathological section

blood circulation near the affected site
bringing nutrients, factors and cytokines that
helped restore damaged tissue.

In conclusion, this study suggested
that DFO pretreatment could mitigate the
deleterious effects of irradiation on oral
mucosa, offering a potential treatment
modality for its protection from radiation-
induced mucositis. Upregulation of VEGF
immune-expression could be involved in
DFO radioprotection which also raise the
possibility of oral mucosa radioprotection by
manipulating VEGF expression. Further
investigations using different DFO doses,
duration and routes of delivery are required
to get its optimum radioprotective beneficial
effect.
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