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Aim: This study aimed to compare the ameliorative potentials of Injectable-Platelet Rich Fibrin (I-PRF) and Bone marrow
mesenchymal stem cells (BM-MSCs) derived exosomes on irradiated rat submandibular salivary glands (SMGs).

Materials and Methods: Forty-nine male albino rats had been divided into 4 main groups (12 rats each) and one rat had been used
as doner. Group I served as —ve control while Group II had been exposed to gamma irradiation (single dose of 6 Gy) and the other
two groups were injected 24 h post-radiation with a single dose of I-PRF (Group III), exosomes (Group IV). SMG regeneration was
assessed in terms of histological changes, ultra-structural changes and TGF- 1 gene expression.

Results: The results showed that compared to the irradiated group all treated groups showed successful regeneration. Our results
prove that using I-PRF and Exosomes could be promising in decreasing irradiation side effects on SMG.

Conclusion: BM-MSCs derived exosomes and IPRF had a role in regeneration of irradiated SMG. Our results demonstrated that
using IPRF had ameliorative effect in regeneration of irradiated SMG but for a short-term duration unlike exosomes that mediate a
better regenerative effect on long term duration.
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Introduction

Salivary  gland tumors are a
histologically varied category of neoplasms
in the head and neck area, accounting for 3 to
11% of malignancies in this region. !

Salivary glands sustain  significant
damage during radiation therapy. This results
in significant salivary gland hypofunction,
leading to numerous problems including
xerostomia,  dysphagia,  oropharyngeal
infections, severe dental caries, and
mucositis.> Regenerative medicine treatment
is applied in preclinical studies by using
alternative strategies, such as gene therapy,
tissue engineering, or cell-based therapy for
salivary gland regeneration. Regenerative
medicine aims to restore the structure and
function of SGs in patients with loss of SGs
function due to atrophy. Injectable-Platelet
Rich Fibrin (I-PRF) may improve the
potential of intrinsic tissue regeneration by
stimulating the proliferation and migration of
human mesenchymal stem cells (MSCs). 3 I-
PRF has been documented to have enhanced
anti-inflammatory and antimicrobial
properties against several infections, perhaps
facilitating expedited tissue regeneration .*
PRF constitutes a three-dimensional fibrin
matrix that functions as a scaffold,
encapsulating  various growth factors,
including vascular endothelial growth factor
(VEGF), transforming growth factor-beta 1
(TGF-B1), and platelet-derived growth factor
(PDGF), which are ‘essential for  tissue
regeneration.

Many preclinical and clinical trials using
exosomes for tissue regeneration have been
conducted. For SGs, Bone marrow
mesenchymal stem cells (BM-MSCs)
derived exosomes were reported to be a
potential candidate for the treatment of
salivary hypofunction. &7

Studies that demonstrated the effect of
exosomes directly on irradiated SMGs were
deficient. Also, no histopathological studies
were conducted on the regenerative potential
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of I-PRP and BM-MSCs derived exosomes
on irradiated submandibular salivary glands.
Therefore, the present study was proposed to
provide new research stand through
exploring the possible therapeutic effect of
local injection of IPRF and exosomes on
regeneration of irradiated submandibular
salivary glands.

Materials and methods
Animal model and ethical statement
Forty-nine male albino rats weighing
between (150-200 grams) had been housed in
the medical research center, Faculty of
Medicine, Ain Shams University, under
controlled temperature and dark light cycle.
They had been fed with standard diet and
fresh tap water according to institution
guidelines of Ain Shams University Ethical
Committee (approval number: FDASU-Rec
IM 052331).

Sample size

Sample size calculation was performed
using G*Power version 3.1.9.7 based on the
results of a previous study.” A power analysis
was designed to have adequate power to
apply a two-sided statistical test to reject the
null hypothesis that there is no difference
between groups. By adopting an alpha level
of (0.05) and a beta of (0.2), i.e. power = 80%
and an effect size (d) of (0.65) calculated
based on the results of a previous study. The
predicted sample size (n) was (48), i.e., 6
samples per sub-group to detect and compare
the effect of (BM-MSCs)-derived exosomes
versus (IPRF).

Study design

Forty-nine male albino rats had been
divided into 4 main groups (12 rats each) and
one rat had been used as doner. Group I (-ve
control group): This group served as —ve
control group and had been injected with
(100ul) phosphate buffered saline in the
SMG. Group II (+ve control group): This



group had been exposed to gamma irradiation
(single dose of 6 Gy)and 24 hours later they
had received (100ul) phosphate buffered
saline in the SMG. Group III (irradiated
group treated by IPRF): This group received
a single dose of 6Gy irradiation and after 24
hours they received an intraglandular
injection of single dose of IPRF (100 ul)’ ,
Group IV (irradiated group treated by BM-
MSCs exosomes): This group received a
single dose of 6Gy irradiation, and after 24
hours they received an intraglandular
injection of a single dose of BM-MSCs
derived exosome (50ug) suspended in (100
ul) phosphate buffered saline.® Each group
was divided into subgroup A in which the rats
were sacrificed after 7 days and subgroup B
in which the rats were scarified after 14 days
post-radiation.

Irradiation procedure

The rats were irradiated with a single dose
of 6 Gy. Whole-body gamma-irradiation was
executed at the National Center for Radiation
Research and Technology (NCRRT), Atomic
Energy Authority, Cairo, Egypt.

BM-MSCs Exosomes preparation
Exosomes were extracted from the
supernatants of BM-MSCs grown overnight
in Roswell Park Memorial Institute (RPMI)
free of Fetal Bovine serum (FBS). To obtain
exosomes, cell-free supernatants were
centrifuged at 10,000 xg at 4 °C" for 20
minutes to eliminate debris. Centrifugation
was subsequently conducted at 100,000 xg
(Beckman  Coulter  Optima  L-90K
ultracentrifuge) for one hour at 4 °C. Cell-
free supernatants were subsequently washed
in serum-free media 199 containing 25 mM
N-2-Hydroxy Ethyl Piperazine-N'-2-Ethane
Sulfonic acid (Sigma-Aldrich®) and
subjected to a second ultracentrifugation
under identical circumstances.!® Flow
cytometry had been used for exosomes
characterization and these procedures had
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been done at Nawah scientific research labs,
Almokattam, Cairo, Egypt.

IPRF preparation

For I-PRF preparation, one male albino
rat had been anesthetized by ketamine (50
mg/kg) then 3.5 ml blood sample without
anticoagulant had been collected from retro
orbital plexus with capillary tube and rapidly
centrifuged for I-PRF preparation at 700 rpm
for 3 min (60%g) at room temperature by Duo
centrifuge (process of PRF, Nice, France).
The upper liquid layer had been collected as
[-PRF.!"! This had been done at Faculty of
Medicine Ain Shams Medical Research
Institute (MASRI).

Specimen preparation

The animals had been sacrificed by
intracardiac overdose of sodium thiopental at
days 7 and 14 post-radiation (6 rats at each
time for each group) and the submandibular
salivary glands had been dissected. Half of
the right submandibular glands had been
fixed for one hour in buffered glutaraldehyde
(2.5%) at 4 °C temperature for the
transmission electron microscope
examination, and the other half of the
specimen had been kept at —20 °C in
Eppendorf tubes for further analysis of TGF-
B1 gene expression. The left submandibular
glands had been washed in saline solution
and fixed in 10% buffered formalin for 24 hr
for histological preparation of H&E-stained
sections.’

Histomorphometric analysis

The histopathological changes in
submandibular  salivary  glands  were
evaluated in terms of the area fraction of acini
and fibrosis. Images were first enhanced for
contrast and brightness and inspected by the
Image J program (Image J,1.41a, NIH, USA)
at Oral Pathology Department, Faculty of
Dentistry, Ain shams University to determine
both the area of acini and fibrosis per field.



These were measured blindly by the
observer. For each subgroup, 4 representative
photographs of H&E-stained sections at
(x200) magnifications were used for analysis.

Glandular ultra-structural examination
Specimens were examined for the
presence of pyknotic nuclei, cytoplasmic
vacuoles, multiple atypical secretory granule
and dilated RER in glandular acini and
intercalated ducts. Also, basal striations with
cristae of mitochondria of striated ducts had
been observed. The architecture of the
granular convoluted tubule and its granules
were inspected as well. Pseudostratified
appearance of excretory ducts and infiltration
of inflammatory cells were also examined.
Specimens  were  inspected  and
photographed using a transmission electron
microscope (TEM) SEOTEM-100 (SUMY
Electron Optics — Ukraine) in the Electron
Microscopy unit in the Geology Department,
Faculty of Sciences, Ain Shams University.

Gene expression detection for TGFp-1
using qRT-PCR

Total RNA had been isolated using Qiagen
RNeasy extraction kit (RNeasy Mini kit, cat
no: 74104, Qiagen, Hilden, Germany)
according to the manufacturer’s
instructions. Reverse transcription of total
RNA into cDNA had been performed using a
specific kit QuantiTect Reverse
Transcription Kit, cat. No: 205310, (Qiagen,
Hilden, Germany). This kit includes specific
primer probes for the studied target gene
(TGFB-1) and  reference housekeeping
gene (GAPDH). RT-PCR master mix had
been prepared by mixing the kit reagents
according to the manufacturer’s instructions
to reach a total volume of 50pul. PCR
amplification had been performed using real-
time PCR (QuantiTect primer assay, cat no:
249900  [Rn Tgfbl 1 SG  QuantiTect
Primer Assay, ID: QT00187796, (Qiagen,
Germany) and QuantiTect SYBR Green PCR
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Kit cat no: 204141 (Qiagen, Germany) and
HS GAPDH 1 SG, ID: QT00079247
QuantiTect Primer Assay cat no: 249900, as
housekeeper gene. These procedures were
done in Global research labs, medical center
2, Nasr city, Cairo, Egypt.

Statistical methods

The normality of the numerical data was
examined by checking the distribution of data
and using tests of normality (Kolmogorov-
Smirnov and Shapiro-Wilk tests). Data
showed a normal (parametric) distribution.
Data were presented as mean, standard
deviation (SD), median, and range values.
Two-way  ANOVA test was used for
comparisons between the groups as well as
the comparison between times. When
ANOVA test is significant Bonferroni’s post-
hoc test was used for pair-wise comparisons.
Statistical analysis was performed with IBM
SPSS Statistics for Windows, Version 23.0.
Armonk, NY: IBM Corp. The significance
level was set at P < 0.05.

Results

Histopathological examination

SMG of the control group was formed
of normal seromucous acini, intercalated
ducts (IDs), striated ducts (SDs), excretory
ducts (EDs) and granular convoluted tubule
(GCTs)(fig.1a,1b,2a,2b). On the other hand,
SMG of'irradiated subgroup IIA revealed that
both serous acini and granular elements
showed ill-defined outline with
hyperchromatic  nuclei and  multiple
cytoplasmic vacuoles of variable sizes. The
nuclei of acinar cells appeared pyknotic and
hyperchromatic and acinar cell cytoplasm
had many vacuolations of variable sizes (fig.
Ic). EDs showed loss of pseudostratified
appearance, hyperchromatic nuclei,
degenerating lining cells and stagnation of
secretion in its lumen. Hyalinization of the
surrounding connective tissue septa was



observed (Fig. 2¢). After 14 days, Irradiated
subgroup IIB sections revealed that serous
acini were more shrunken, the nuclei of
acinar cells appeared more pyknotic and
hyperchromatic and acinar cell cytoplasm
had many vacuolations of variable sizes. SDs
showed almost degenerated cells with
stagnation of secretion, loss of basal
striations and hyperchromatic nuclei (fig.
1d). EDs showed reduction in cell height, loss
of  pseudostratified  appearance  and
stagnation of secretion in its lumen (fig.2d).
GCT showed partial loss of outline and
hyperchromatic nuclei (fig. 1d).

SMG of subgroup IITA presented acini
with an almost spherical shape consisting of
pyramidal cells with basophilic cytoplasm
and rounded basally situated nuclei (fig. 1le).
The majority of SDs were lined by a single
layer of columnar cells with rounded
centrally placed nuclei and it' showed
eosinophilic cytoplasm with basal striations
as well. EDs were lined by pseudostratified
columnar epithelium with goblet cells with
areas of degeneration, cytoplasmic vacuoles,
and hyperchromatic nuclei. However some
other EDs showed stagnation of secretion in
its lumen. Hyalinization and extravasation of
RBCs around EDs were also evident in other
sections (fig. 2e) . GCTs showed almost
regular configurations with basal rounded
hyperchromatic nuclei (fig. 1e).

In subgroup IIIB, some of serous acini
were similar to subgroup 1A, however
cytoplasmic vacuoles and hyperchromatic
nuclei were more in this subgroup. The SDs
and ED were like subgroup IIIA but there
were some cytoplasmic vacuolations and loss
of stratifications in some areas of SDs and
some areas of degeneration and cytoplasmic
vacoules in cells of EDs (fig. 1f, 2f). GCTs
were lined by columnar cells with granular
eosinophilic  cytoplasm  with  centrally
situated nuclei; however, some other cells
were degenerated and others showed
cytoplasmic vacuolations (fig. 2f).
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Regarding subgroup IVA and subgroup
IVB, the serous acini were almost spherical
in shape with basophilic cytoplasm however
some were more shrunken in subgroup IVA
(fig. 1g). The SDs of subgroup IVA and
subgroup IVB were lined by a single layer of
columnar cells with rounded centrally placed
nuclei, and it showed eosinophilic cytoplasm
with basal striations but in subgroup IVA
there were some cytoplasmic vacuolations
and loss of stratifications in some areas (fig.
2g). ED of subgroup IVA and subgroup IVB
were lined by pseudostratified columnar
epithelium with goblet cells, however
subgroup IVA EDs showed a small area of
cytoplasmic vacuoles and stagnation of
secretion in its lumen and subgroup IVB EDs
were lined by flat cells in some areas with
empty lumens in some of them and stagnant
secretion in the others (fig. 2g, 2h). EDs were
surrounded by congested BVs engorged with
RBCs in subgroup IVA (fig. 2g). GCTs of
both subgroups IVA and IVB were lined by
columnar cells with granular eosinophilic
cytoplasm with centrally situated nuclei,
however some other cells showed
cytoplasmic vacuolations in subgroup IVA
(fig. 1g, 1h). Some of GCTs in subgroup [VB
may show an ill-defined outline with
degenerated cells.

Histomorphometric analysis

The histological changes in
submandibular glands were evaluated in
terms of the total surface area percentage of
acini and fibrosis. The highest mean value of
area fraction of fibrosis was recorded in
subgroup IIA, followed by subgroup IVA,
subgroup IIIA was lower and the lowest
value in subgroup IA (fig. 5). ANOVA test
revealed a statistically significant difference
between groups (P=0.001).

Also, the highest mean value of area
fraction of acini was recorded in subgroup
IA, followed by subgroup IIIA, then
subgroup IVA and the lowest value in



subgroup IIA (fig. 5). ANOVA test revealed
a statistically significant difference between
subgroups (P=0.008).

Also, with the second duration (14 days),
the highest mean value of area fraction of
fibrosis was recorded in group IIB, followed
by group IIIB, then the group IVB and the
lowest value in group IB. Also, there was a
highest mean value of area fraction of acini
was recorded in group IB, followed by group
IVB, then group I1IB and the lowest value in
group IIB (fig. 5). ANOVA test revealed a
statistically significant difference between
groups (P=0.001).

Glandular ultra-structural results

In our study, ultra-structure examination
of SMG of control group revealed acini with
basally situated rounded nucleus (N) and
normal appearance of secretory granules
(SG) (fig. 3a). SDs showed deep basal
enfolding, between which = numerous
mitochondria and numerous RER (R) were
stacked. Open faced nuclei with peripheral
chromatin condensation were observed as
well (fig. 4b).

On the other hand, ultrastructural
examination of irradiated groups at both
durations  revealed that there  was
condensation and clumping of chromatin into
masses of the nuclei of the glandular acini.
Acinar cells showed multiple cytoplasmic
vacuoles and multiple irregular shapes of
secretory  granules. - There - “was -~ also
detachment of cellular junctions between the
atrophied acini (fig. 3c¢).

Cells of IDs appeared cuboidal to flat in
some sections with pyknotic nucleus, dilated
RER and abnormal mitochondria (fig. 4c).
The dilated lumen was also evident. Cells of
SDs revealed multiple cytoplasmic vacuoles,
pyknotic nuclei, loss of basal striations and
some mitochondria with damaged cristae
were displaced apically (fig. 4d).

Cells of GCTs revealed variation in size,
shape and position of the nuclei
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(pleomorphism). Some pyknotic nuclei are
also evident. Many electron-dense secretory
granules were also found. Cells of EDs
showed loss of pseudostratified appearance
and nuclei were variant in size and shape. The
connective tissue septa appeared with
multiple vacuolations, and blood vessels
were engorged with RBCs.

The ultrastructure of IPRF group in both
durations showed some acini with atypical,
atrophied nuclei, numerous secretory
granules, and some cytoplasmic vacuoles
were also seen (fig. 3f). The associated blood
vessel was engorged with RBCs (fig. 3¢e). The
IDs were lined by cuboidal cells with
indented  cytoplasmic ~membrane and
centrally located hyperchromatic nuclei.
Cells of SD in subgroup IIIA showed areas of
basal striation while other areas showed loss
of basal striation, however in subgroup I1IB
they appeared normal (fig. 4e). GCTs and
EDs revealed normal appearance as well.
There was interstitial fibrosis and abnormal
fibroblast = with large plumb nucleus
associated with blood vessel engorged with
RBCs and surrounded by numerous collagen
bundles in subgroup IIIA (Fig. 3e).

subgroup IVA revealed acini with open
faced nuclei and prominent nucleolus,
however some other pleomorphic nuclei were
also seen. Some cells of IDs appeared with
large open-faced nuclei while other cells
showed pyknotic pleomorphic nuclei (fig.
4g). - Moreover, ~there were multiple
cytoplasmic vacuoles. The SDs appeared
normal. The connective tissue septa appeared
infiltrated with inflammatory cells and BVs
appeared engorged with RBCs (fig.3g).
Subgroup IVB showed many acini with
apparent normal size and shape, IDs and
GCTs had normal appearance. The EDs were
lined by pseudostratified epithelium with
large, rounded nuclei, some of them appeared
open faced while others appeared pyknotic.
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placed nucleus and eosinophilic basal striations (Blue arrow), and GCTs were lined by columnar cells with granular
eosinophilic cytoplasm with basal rounded nuclei (Red arrow) (H&Ex200). b: (IB) showing normal appearance of
GCTs with basal rounded nuclei and many eosinophilic granules (Blue arrows) (H&Ex200). ¢: (ITA) showing Multiple
degenerated serous acini and abnormal nuclei (yellow arrow), SD with basal striations and patent lumen (red arrow)
and other SDs with loss of basal striations and stagnated secretion (green arrow), GCT with ill-defined border (blue
arrow) (H&Ex200). d: (IIB) showing multiple serous acini with hyperchromatic nuclei (green arrow), almost
degenerated cells of SD with stagnation of secretion (yellow arrow) and SD showing loss of basal striations and
hyperchromatic nuclei (blue arrow), GCT with partial loss of outline and hyperchromatic nuclei (red
arrow)(H&Ex200).e:(IIIA) showing almost partial regeneration of serous acini (Red arrow), GCTs with normal outline
and basal rounded hyperchromatic nuclei (Blue arrows)(H&Ex200). f:(IIIB) showing almost normal serous acini with
multiple mitotic figures (Blue arrow) , SDs with rounded nuclei and basal striations (Red arrow) and nearly normal
granular element outline however some appear with cellular degeneration and cytoplasmic vacuoles(Yellow
arrow)(H&Ex200).g: (IVA) showing almost normal SD (Blue arrow), GCTs have almost normal appearance with
basal rounded nuclei and many eosinophilic granules however some show areas of cytoplasmic vacuoles (Red
arrow)(H&Ex200).h: (IVB) showing almost normal outline of serous acini, SDs and GCTs. Note area of shrinkage
(Red arrow) (H&Ex100).
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Fig. 2: A photomicrograph of: a: (IA) showing normal appearance of ED lined by pseudostratified columnar
epithelium with goblet cells (Blue arrow) (H&Ex200). b: (IB) showing normal appearance of serous acini lined by
pyramidal cells having basophilic cytoplasm and basally situated nuclei (Black arrow), SDs lined by columnar
epithelium with centrally placed nucleus and eosinophilic basal striations (Blue arrow), Note associated BVs (Yellow
arrow), and GCTs with basal rounded nuclei (Red arrow) (H&EXZOO). c: (IIA) showing ED with stagnation of
secretion (Blue arrow), degeneration of its lining cells with pyknotic nuclei and cytoplasmic vacuoles (green arrows)
and surrounded by fibrosis (yellow arrow) (H&Ex100). d: (IIB) showing serous acini with cytoplasmic vacuolations
and hyperchromatic nuclei (Black arrow), SDs with loss of basal striations and stg‘gﬁated secretions (green arrow),
Multiple EDs with stagnation of secretion (Blue arrows) (H&Ex200). e: (IIIA) showing almost normal SDs with basal
striations (Blue arrows). Note ED with stagnated secretion (Red arrow) (H&Ex200). f: (IIIB) showing almost normal
outline of serous acini, GCTs and ED(H&Ex200). g: (IVA) showing abnormal SDs with cytoplasmic vacuoles and
stagnated secretion (Green arrow), ED lined by pseudostratified columnar epithelium with goblet cells with small
areas of cytoplasmic vacuoles (Blue arrow) and stagnation of secretion in its lumen (Red arrow), Note associated
congested BVs engorged with RBCs (Yellow arrow)(H&Ex200).h: (IVB) showing almost normal appearance of
serous acini, ED lined by flat to cuboidal epithelium with areas of degeneration (Blue arrow) , surrounded by nearly
normal fibrous connective tissue (H&Ex200)
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Fig. 3: An electron micrograph of: a: (IA) showing serous acinus with pyramidal cells, basal rounded nuclei (N),
prominent nucleolus (n), and homogenous secretory granules (s). b: (IB) showing GCT with electron dense secretory
granules (S), rounded nucleus (N) and prominent nucleolus(n). ¢: (ITA) showing detachment of cellular junctions
between the atrophied acini (Blue arrow). Note multiple a typical secretory granule (S). d: (IIB) showing serous acinus
with pyknotic nuclei (Blue arrows), dilated RER (R) and multiple cytoplasmic vacuoles (V). e: (IIIA) showing
interstitial fibrosis (Blue arrows) and abnormal fibroblast with large plumb nucleus (Red arrows). Note blood vessel
engorged with RBCs (BV) and surrounded by numerous collagen bundles (Yellow arrow). f: (IIIB) showing serous
acinus with multiple secretory granules(S) and pleomorphic basal round nuclei (Blue arrows). Note cytoplasmic
vacuoles(V). g: (IVA) showing macrophage (blue arrow) and lymphocyte (red arrow) infiltrated in connective tissue
septa. Note blood vessel (BV) associated with endothelial cells and engorged with RBCs. h: (IVB) showing two
adjacent acini in between blood vessels (BVs) associated with endothelial cell engorged with blood, open faced
nucleus with prominent nucleolus (Blue arrow), pyknotic nucleus (Red arrow), cytoplasmic vacuoles (V) and dilated
RER (R)((a,c,d)x1500, (b,e,f,g,h)x1000).
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Fig. 4: An electron micrograph of: a: (IA) showing ID lined by cuboidal cells having centrally located large, rounded
nuclei (N) and narrow lumen (L). b: (IB) showing SD having deep basal enfolding and open-faced nuclei with
peripheral chromatin condensation (N). e: (IIA) showing ID with pyknotic nuclei (Blue arrow), secretory granules (S),
dilated RER (R) and abnormal mitochondria (M). d: (IIB) showing SD with loss of basal striations (Blue arrows),
abnormal pyknotic nucleus (Red arrow). e: (ITTA) showing SD with open faced nucleus (Blue arrows) and well-
organized basal striations (Red arrows). f: (IIIB) showing GCT with numerous electron dense secretory granules(S),
numerous mitochondria(M) and open-faced nucleus(N) with peripheral chromatin condensation. Note interstitial
artery associated with endothelial cell (Red arrow). g: (IVA) showing ID with pleomorphic pyknotic nuclei and others
with clumped chromatin (Blue arrows). Note multiple cytoplasmic vacuoles (Red arrows). h: (IVB) showing SD with
normal basal striations (Blue arrows), open faced nucleus with prominent nucleolus but indented nuclear membrane
(Yellow arrows) and pyknotic nucleus in different level (Red arrow) ((a,d,e,g,h)x1000, (b,c,H)x1500).
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Quantitative real-time PCR results for
genetic expression of TGFp-1

All treated groups showed higher levels
of TGF- B1 than the irradiated group. After 7
days there was no statistically significant
difference between IPRF group and
exosomes group, with p-value (p>0.05).
While after 14 days there was a statistically
significant difference between them, with p-
value (p<0.01), exosomes group being higher
(Table. 1).

Table 1: showing mean + standard deviation (SD)
of FC (TGF-p1) gene expression for subgroup A
and subgroup B

FC (TGE-B) subgroup A | subgroup B | t-test | p-value
Group 1 1.400+0.233 | 0.997+0.067 | 4.062 | 0.002*
Group 11 0.44340.114 | 0.595£0.036 | 3.120 | 0.011%
Group 11T 0.73140.118 | 441040.745 | 11.941 | 0.001%+
Group 1V 093240242 | 7.54240.699 | 21.886 | 0.001%*

SD: standard deviation, FC: fold change of tested gene
after normalization to negative control.
*p-value <0.05 is significant

wsubgrowp A wsubproup B wsubgronp A ®subgroup B

Mean value of arca fraction of
acini

Mecan value of area fraction of

oL |
Group T Group T Group TT Group TV

Groupl Greup T Greup 11T Group [V

Fig 5: Comparison between subgroups A and B
according to area fraction of fibrosis and acini in each

group.

Discussion

H&E results of irradiated subgroups
(ITA&IIB) in the present work revealed
significant decrease in area fraction of the
glandular acini (compared to other treated
subgroups) and these finding were further
emphasized by our electron microscopic
results and are in accordance with Krishnan
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et al.'? This may be explained by acinus cell

death, as for salivary glands, cell death
consequent to radiation is attributed to
multiple  factors:  apoptosis, necrosis,
autophagy, senescence, activation of calcium
channels in the cell membrane and depletion
of stem/progenitor cells, all mediated by
regulatory proteins, cytokines, chemokines
and various signaling molecule.'®

Regarding  irradiated  subgroups
(ITA&IIB), increased  intracytoplasmic
vacuoles in acinar and ductal elements were
markedly detected in both H&E and electron
microscopic results. This could be attributed
to the effect of irradiation on the acinar cell
membrane causing its damage with
irregularities  in the acinar cells and
downregulation of Aquaporin water channels
(present at the apical membrane of acini)
leading to decreased amylase secretion.'”
Cytoplasmic vacuolations may be also
explained by production of Reactive oxygen
species (ROS) that induce oxidative stress
and cellular damage immediately following
irradiation exposure.'*

Pyknotic nuclei, irregular nuclear
membrane outline, hyperchromatic
condensation and nuclear pleomorphism in
irradiated subgroups (IIA&IIB) could be
explained by DNA damage directly through
double strand breakages or indirectly through
reactive oxygen species (ROS) causing
mutations and cell death.!> Mitochondrial
disruption and damage could be attributed to
accumulation of cat+ which inhibits
mitochondrial ATPase activity and decreases
energy generation. Damaged mitochondria
and dilated RER would be a result of
deficiency of protective enzymes, superoxide
dismutase and glutathione peroxidase.'®

The SDs in irradiated group
(TA&IIB)  exhibited loss of basal
striations.This finding is due to the damage of
mitochondria which was attributed to various
lesions in the circular mitochondrial DNA.!’
Stagnation of secretion in ED lumen could be



due to the pathological effect of radiotherapy
on myoepithelial cells with failure of
expelling the secretion into the oral cavity.!8

Regarding fibrosis observed in
irradiated groups, lonizing radiation can
activate fibroblasts, endothelial cells and
vascular smooth muscle cells, transforming
them into myofibroblasts. These cells are
involved in the secretion of extra cellular
matrix.!” Another explanation is that
radiation results in continuous ROS attack
and the deregulation of fibroblast
proliferation and metabolism and hence
increases collagen expression.?’

TGF- B1 gene expression in irradiated
groups (IIA &IIB) revealed that there was a
deficiency in this gene expression and these
findings are in consistence with a previous
study which demonstrated the effect of X-ray
irradiation on the changes of expression of
TGF-B in rat SMG. It was stated that TGF-f
immunoreactivity decreased from day 10
post-irradiation and disappeared on day 30.2!

TGF- B receptors are present in the
basal and lateral membranes of acinar cells.
Assembly of the intercellular junction of
submandibular gland acinar cells may be
affected by TGF- B induced by paracrine
action of GCTs.?? It was stated that there were
alterations in expression of the tight junction
genes claudin-3& claudin -4 occurred within
3 days of irradiation. So, Irradiation effect on
cellular junctions may also affect TGF- 3
expression.?

The improved histological results in
IPRF group (IITA&IIIB) were consistent with
a previous study which demonstrated that I-
PRF increased SMGs’ regenerative capacity
by significantly reducing caspase-3 and by
increasing vascular endothelial growth
factors.”* Plumb fibroblast that appeared in
subgroup IIIA may be due to biological
activities of basic fibroblast growth factor
present in IPRF including stimulation of
fibroblast and capillary endothelial cells
proliferation. Promotion of angiogenesis can
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explain large BVs that were engorged with
RBCs.”

I-PRF is a fibrin network containing
nanoscale  fibers that scaffold cell
proliferation, migration, and differentiation
enhanced by its content of natural cocktail of
growth factors which orchestrates tissue
regeneration. This could explain the
significant increase in acinar area fraction in
IPRF group (IITA&IIIB).?

The apparent decrease in
inflammatory signs in IPRF  group
(ITTA&IIB) compared to the irradiated group
(ITA&IIB) were represented by apparent
decrease in extravasated RBCs, interstitial
edema and shrinkage of acini which was
further confirmed by significant increase in
the acini area fraction. This result could be
explained by PRF caused a robust inhibition
of the inflammatory response to TNFa and
IL1B.%

TGF-B1 gene expression showed
statistically significant higher mean value in
subgroup IIIB compared to subgroup IIIA,
with p-value (p<0.01). It was stated that [IPRF
could induce higher cell migration and
mRNA expression of TGF-, PDGF, and
type I collagen during tissue healing.?® TGF-
B1 has been proved to stimulate extracellular
matrix proteins formation by inducing the
biosynthesis of collagen and laminin as well
as promoting the expression of protease
inhibitors, assessing regeneration of different
tissues.®

In the present work, exosomes
subgroup IVB revealed superior histological
results and significant increase in acini area
fraction over both corresponding subgroups
in both irradiated and IPRF group. This could
be attributed to exosomes considered as
active nanocomponents containing several
regulatory factors, such as growth factors,
cytokines, signaling lipids, messenger RNAs
(mRNA), and non-coding RNAs (miRNAs),
which play important roles in regulating
other cellular processes in the surrounding



environment by MSCs.?> The RNA or
proteins in MSC derived exosomes (MSC-
Exos) can play a cell-homing role and
regulate cell proliferation and differentiation,
which can limit damage, regulate innate and
adaptive immune responses, and promote
self-repair and tissue regeneration after cell
damage.’® Exosomes also have a role in
reduction of ROS and oxidative stress. This
could be attributed to their content of
antioxidant molecules.’!

The apparent decrease in
inflammatory signs in exosome group
(subgroup IVA&IVB) compared to the
irradiated group (subgroup IIA &IIB) was
represented by an apparent decrease in
interstitial edema and extravasated RBCs
associated with significant increase in the
acini area fraction. Exosomes transmit pro
and anti-inflammatory miRNAs to neutralize
an inflammatory reaction.>?

In the present study, there was a
decrease in area fraction of fibrosis in
exosome subgroups (IVA&IVB) compared
to irradiated subgroups (ITA&IIB). It was
demonstrated that in hepatic fibrosis models
induced by carbon tetrachloride,
transplantation of MSCs-derived exosomes
could inhibit epithelial ~mesenchymal
transition (EMT) in hepatocyte, alleviate
inflammation, reduce collagen deposition,
and regulate fibrosis-related signaling
pathways, thus improving liver fibrosis. It is
suggested that MSC-derived exosomes might
play a role in fibrotic diseases by reversing
epithelial mesenchymal transition.>?

Exosomes subgroup (IVA &IVB)
revealed a significant increase in TGFB1
gene expression which used as regenerative
marker compared with irradiated subgroups
(ITA&IIB). These findings were consistent
with a previous study which assessed
regeneration of submandibular salivary
glands by measuring TGFp1
immunohistochemically.>*
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In the present work , area fraction of
acini was higher in subgroup IIIA than
subgroup IVA while area fraction of fibrosis
of subgroup IIIA being lower. In a prior study
that compared intraglandular injections of
PRF and ADSC (adipose-derived
mesenchymal stem cells) after 12 weeks of a
single dose of irradiation, there was a non-
significant difference in the ADSCs group
compared to PRF group regarding cell
proliferation using (PCNA). This finding
supports our result regarding that PRF is a
profound treatment but for a short-term
duration.*

TGF-B1 gene expression was higher
in subgroup IVA than subgroup IIIA, the
difference being insignificant. It was
suggested that [-PRF enhanced mRNA levels
of TGF-B1 at 7 days.!! However exosomes
microRNAs regulate gene expression as
many studies reported that microRNAs use
exosomes as carrier to achieve cell to cell
communication  specifically = exosomes
microRNA which are secreted in the form of
paracrine or remote secretion and taken by
recipient cell targeting its mRNA 3'-UTR
(mRNA regulator) results in down regulation
of the Latent-transforming growth factor
beta-binding protein 1(LTBP-1) which is one
of inhibitory molecules of TGF-B1.3¢ After
14 days exosomes subgroup IVB showed
higher level of TGF-B1 gene expression.
Accordingly, the interval time may play a
role in SMG regenération.>’

Conclusion

BM-MSCs derived exosomes and
IPRF had a role in regeneration of irradiated
SMG and increased expression of TGF-f1
gene. Our results demonstrated that using
IPRF, an autologous treatment, had an
ameliorative effect in regeneration of
irradiated SMG but for a short-term duration
unlike exosomes that mediate a better
regenerative effect on long term duration.
Further investigations are needed to



determine the possible ameliorative effect of
both treatments when combined at different
durations.
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