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ABSTRACT

Background: Cisplatin is a potent anti-carcinogenic agent; however, it has many dose-limiting side effects. The aim of our
study was to determine and compare the effectiveness of adipose-derived stem cells (ADSCs) and platelet rich plasma (PRP)
as a treatment modality against cisplatin-induced cytotoxicity in the submandibular glands of Albino rats.

Methods: Thirty-eight adult male albino rats, were used in the present study. Ten rats were used as a source of PRP, and the
rest were included in the experimental design as follows: negative control group, cisplatin group (positive control) received
(5mg/kg/week) cisplatin intraperitoneal on day 1 and 8. ADSCs group received ADSCs (2 x 10A6 cells/rat) once intravenous
via tail vein + cisplatin. PRP group received PRP (0.5 mL/kg by intraperitoneal injection 3times/week) + cisplatin.

Results: Both ADSCs and PRP enhanced the regeneration of submandibular salivary gland tissue after the cisplatin induced
cytotoxicity; represented by significant increase in area fraction of acini, percentage of hemolysis as well as significant
decrease in area fraction of apoptotic cells in both groups compared to cisplatin group respectively. There was no significant
difference between both groups regarding all comparative parameters used in this study. In addition, there was a non-
significant difference in the area fraction of apoptotic cells between PRP group and the control group, but we detected a
significant difference between ADSCs group and the control group regarding the same parameter.

Conclusions: Both adipose-derived stem cells and Platelet rich plasma are considered as effective treatment for cisplatin-
induced cytotoxicity in submandibular salivary glands. However, PRP is recommended over ADSCs as a potent and effective
treatment due to its safety, easy accessibility and proved treatment effect.
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INTRODUCTION was to compare the effect of ADSCs and PRP on treatment
of the structural changes that occurred in the cisplatin treated
submandibular salivary glands and find out which is more
effective and profound. To our knowledge, no statistically
significant relationship as a post chemotherapeutic treatment
modality is presented between the use of ADSCs and PRP.

Cisplatin (as achemotherapeutic agent) has been indicated
for the treatment of various tumors or prior to radiotherapy
and surgery but unfortunately, chemotherapeutic agents
can lead to morphologic change in salivary gland tissue.
This complication also significantly affects the duration of
hospitalization and survival rates!'’. METHODS

Many studies have handled salivary gland damage- Study Design
regeneration through adipose derived stem cells (ADSCs)
application, by means of systemic and local administration. It
was demonstrated that ADSCs may migrate engrafting to an
injured location via the blood stream systemic use”l. Many
experiments have proved that ADSCs could be considered as University, under controlled temperature and dark-light
a safe treatment strategy for salivary gland damage®®. cycle. They were fed standardized diet (ad libtium) and tap

water was available. All procedures involving animals were

reviewed and approved by the institution guidelines of Ain
Shams University Ethical Committee with authorization

Thirty-eight adult male albino rats weighing between
(300-350 grams) were housed in wire mesh cages, in the
Animal Research Centre, Faculty of Medicine, Ain Shams

Platelet-rich plasma (PRP) has been the subject in different
studies as a new approach in regenerative medicine and
attracted considerable attention over the last two decades!*!.

. number (688).
However, to our knowledge, few studies were concerned (688)
with the effect of PRP on submandibular salivary gland Ten rats were used as source of PRP, and the remaining
(SMG) after chemotherapy. The aim of our present study 28 rats were used in the experimental design.
Personal non-commercial use only. EJH copyright © 2021. All rights served DOI: 10.21608/ejh.2020.32113.1309
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Experimental design
Twenty-eight rats were divided into 4 main groups
1-(Control group)

Seven rats received intraperitoneal injection of saline
(5mg/kg) on day | and § similar to group II hence, considered
as a negative control. After exclusion of the first 3 days, rats
were sacrificed after 15 days from administration of cisplatin
in the corresponding experimental groups®.

2-(Cisplatin group)

Seven rats received intraperitoneal injection of cisplatin
at a dose of (Smg/kg) on day 1 and 8 and were considered
as positive controll®l. Rats were sacrificed after 15 days from
administration of cisplatin.

3-(ADSCs group)

Seven rats received intraperitoneal injection of cisplatin
at a dose of (5Smg/kg) on day 1 and 8 then ADSCs (2 x 106
cells/rat) were injected via tail vein once after 72h from
cisplatin injection!. Rats were sacrificed after 15 days from
administration of cisplatin.

4-(PRP group)

Seven rats received intraperitoneal injection of cisplatin
at a dose of (5mg/kg) on day 1 and 8§, then PRP in a dose
of (0.5 mL/kg) by intraperitoneal injection 3times/week,
starting from 72 h after cisplatin injection. Rats were
sacrificed after 15 days from administration of cisplatin.

Platelet rich plasma preparation

PRP was prepared using the double centrifugation tube
method™. Ten male Albino rats were used as blood donors
and anesthetized with ether, and 3mL blood was collected
from the retro-orbital plexus into tubes containing 0.3 mL
(3.2% sodium citrate) anticoagulant. Blood was centrifuged
twice. First centrifugation was at 1600 rpm for 10 min.
The portion just above the buffy coat was obtained without
disturbing the buffy coat. The plasma was centrifuged
again at 2000 rpm for 10 min to yield two portions: the top
consisting of platelet-poor plasma (PPP) and the bottom
consisting of the platelet button. After discarding the PPP,
the platelet button was resuspended in phosphate-buffered
saline (PBS) (1: 1). A hematology analyzer (MICROS abc
LC-152; Horiba Ltd., Kyoto, Japan; at least 1, 000, 000 cells/
uL) was used for platelets counting and then PRP was frozen
at —80°C until use!®. PRP was activated immediately before
use with CaCl2 (0.8mL PRP + 0.2mL 10% CaCl2)X.

Samples from the right SMG were freely excised,
processed in paraffin and were examined for routine
hematoxylin and eosin (H&E)'” and (Anti-active
Caspase 3) by light microscopic examination. Rabbit
polyclonal antibody to caspase 3 (CPP32, H-277) was
purchased from Santa Cruz Biotechnology (Santa Cruz, CA).

Immuno-histochemical Technique

The immunohistochemical staining technique was as
follows; after de-paraffinization and rehydration of sections,

endogenous peroxidase activity was blocked by incubating
the specimen in 3% H,O, in methanol at 23°C for 15 min. To
facilitate antigen retrieval, sections were then microwaved in
citrate buffer (PH 6) for 9 min., followed by the application
of polyclonal primary rabbit anti-active caspase 3 (1:100
in PBS), for 60 min. at 23°C. The antibody is characterized
with species reactivity to human and rats. Sections were then
exposed to secondary biotinylated antibody for 30 min. at
room temperature. Slides were then incubated for 5 min.
at room temperature with Biocare’s diamino-benzidine
plus chromogen. The sections were counterstained with
hematoxylin for 2 min. and then rinsed in distilled water,
dehydrated in graded alcohol and cleared in xylene. Finally,
specimens were mounted on positive slides using aqueous
mounting medium, then cover slips were put in place and
examined under light microscope. The positive reaction
was detected as brown color; the cellular localization of this
antibody is nuclear and cytoplasmic. The negative reaction
was detected as blue color!l. The primary antibody was
replaced with PBS as a negative control. Spleen tissue as
a positive control and a negative control of normal tissue
expression was also stained along with the procedure.

On the other hand, left SMG samples were taken,
processed in resin Epon 812 and prepared for examination
by transmission electron microscopet'?.

Blood samples for osmotic fragility test

Blood samples were taken from each group at the end
of the experimental period, to monitor the percentage of
hemolysis as a systemic effect of cisplatin, ADSCs and PRP
to support and confirm our histological results. Two ml of
blood from each rat in the experimental groups were taken
from the retro-orbital plexus. Hematocrit and erythrocytes
mean osmotic fragility were determined on heparinized
blood using Sysmex hemocytometer!!3l.

Histomorphometric analysis was done using image J
(Image J, vl.41a, NIH, USA) and a digital video camera
(C5060, Olympus, Japan) in order to assess:

1. Area fraction of acini: Five H&E sections of the
SMG from each group were chosen to run the
morphometric study and five fields from each
section were examined for area fraction of acini
under L.M, at x200 magnification.

2. Area fraction of apoptotic cells: Five caspase-3
sections of the SMG from each group were chosen
to run the morphometric study and five fields from
each section were examined for area fraction of
apoptotic cells under L.M, at x200 magnification.

N.B: Platelet concentration before and after separation
were measured to ensure proper preparation of the PRPI®!,

Image analysis

For both H&E and anti-active caspase-3 antibody
photomicrograph’s:

1. Images were first corrected for brightness and
contrast.
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2. Images were then transferred to the Image J program
(Image J, vl.41a, NIH, USA).

3. Sampling was performed to select the area of
interest, while the remaining area (which were
excluded) were covered by white pixels.

4. The images were then converted into 8-bit
monochrome type.

5. Color threshold was then performed automatically,
and area fraction was calculated.

Figure plates containing original images were compiled
to compare the histological variations.

Statistical analysis of the mean area of acini of all groups
was performed using SPSS (IBM SPSS Statistics 21.0, IBM
Corporation, and Somers, NY, USA). Comparison between
groups were tested using one-way analysis of variance
(ANOVA) followed by a Post hoc test. Numerical data of
groups was also analyzed (a p-value <0.05 was selected as
significant). Values were determined as means + standard
deviation.

RESULTS

1- Hematoxylin & Eosin results

Submandibular salivary glands of control group revealed
normal appearance of both serous acini and glandular lobules
which were infiltrated by normal vasculature. On the other
hand, SMG of cisplatin group revealed apparent shrinkage
of both serous acini and glandular lobules with increased
interstitial edema in between. Serous acini and granular
convoluted tubules (GCTs) showed irregular outline,
multiple vacuoles, pyknotic and hyperchromatic nuclei and
many degenerated cells. Excretory ducts (EDs) revealed
loss of pseudo-stratification, degeneration in some areas,
vacuoles, wide lumen, stagnation of secretion and many
desquamated cells. Extravasated RBCs were seen between
the acini (Figures 1A, 2A, 2B).

In our study, SMG of ADSCs group showed almost
normal appearance of the majority of serous acini and ductal
system except for stagnation of secretions and some areas
of shrinkage. Apparently large lobules were separated by
relatively thin connective tissue septa. Some serous acini
with cytoplasmic vacuoles and hyperchromatic nuclei were
detected. EDs were lined by flat to cuboidal epithelium and
revealed loss of pseudo-stratification in some areas. Areas
of degeneration and cytoplasmic vacuoles, surrounded by
apparently normal fibrous connective tissue septa were
detected (Figures 1B, 2C). Regarding SMG of PRP group,
it showed normal appearance of the majority of serous
acini and glandular lobules with apparent decrease in both
interstitial edema and extravasated RBCs as well. Serous
acini, GCTs with normal outline and striated ducts (SDs)
with basal striation were also detected. EDs were lined by
pseudostratified columnar epithelium with goblet cells with
few areas of cytoplasmic vacuoles and relatively large sized
blood vessel which were surrounded by fibrous connective
tissue septa (Figures 1C, 1D, 2D).

2-  Immuno-histochemical results

Caspase 3 antibody)

(Anti-active

In the current study, SMG of the control group revealed
negative reactions in most serous acini, however few samples
showed faint positive reactions. Both intercalated ducts (IDs)
and SDs showed almost negative reactions. In addition,
few positive reactions in GCTs were seen (Figure 3A). On
the other hand, cisplatin group revealed intense positive
reactions in serous acini, IDs, SDs and GCTs (Figure 3B).

Regarding ADSCs group, SMG revealed positive
reactions in some serous acini, IDs and faint positive
cytoplasmic reactions in the SDs and GCTs. Some SDs
revealed negative reactions (Figure 3C). SMG of PRP group
showed negative reactions in most serous acini, IDs, SDs
and GCTs (Figure 3D).

3-Electron-microscopic results

In the current study, ultra-structure examination of
SMG of control group revealed acini with basally situated
rounded nucleus (N) and normal appearance of secretory
granules (SG). SDs showed deep basal enfolding, between
which numerous mitochondria are radially packed, rough
endoplasmic reticulum (rER) and nucleus with peripheral
chromatin condensation. GCTs revealed basally situated
rounded nucleus, secretory granules, rER, mitochondria
with internal lamellar cristae and many Golgi saccules
(Figures 4A, 5A, 6A).

On the other hand, ultrastructural examination of
cisplatin group revealed atypical and atrophied acini
with pyknotic and shrunken nuclei, multiple cytoplasmic
vacuoles, interstitial edema and loss of junctions between
acini. SDs appeared with multiple cytoplasmic vacuoles,
stagnation of secretion, and loss of basal striations as well as
most of organelles. Thickening of the basement membrane
of the SDs also was detected. GCTs with ruptured nuclear
membrane, swollen mitochondria, dilated rER and multiple
cytoplasmic vacuoles were seen (Figures 4B, 5B, 6B).

ADSCs group showed spaced acini with pyknotic nuclei
and indented nuclear membrane, some cytoplasmic vacuoles
and interstitial edema. SDs revealed partial loss of basal
enfolding, with some mitochondria, open faced nucleus
with peripheral chromatin condensation and narrow lumen.
Some nuclei were displaced. Some GCTs revealed open
faced nucleus, many mitochondria, well organized rER and
prominent Golgi apparatus (Figures 4C, 5C, 6C).

PRP group revealed acini with open faced nucleus,
prominent nucleolus parallel arrays of rER radiating in
the basal and lateral portion of the cell, well observed
mitochondrial cristac and secretory granules. SDs appeared
with deep basal enfolding, between which numerous
mitochondria were radially packed and nucleus with
peripheral chromatin condensation. (Figures 4D, 5D, 6D).

4- Statistical results

*  Platelet count was done before and after separation of
PRP to ensure proper concentration and preparation
for the PRP (Table 1).
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Both ADSCs and PRP successfully enhanced the
regeneration of submandibular salivary gland
tissue after cisplatin induced cytotoxicity; this was
manifested by significant increase in the area fraction
of acini, hemolysis percentage and significant
decrease in area fraction of apoptotic cells in both
groups compared to cisplatin group (Table 2).

Regarding comparison between ADSCs and
PRP, PRP revealed better result represented by

r{,l

i 'f 17 "‘
1

/

non-significant difference in the area fraction of
apoptotic cells between this group and the control
group, however there was a significant increase in
the area fraction of apoptotic cells in ADSCs group
compared to the control group. In addition, there
were non-significant difference between ADSCs
group and PRP group regarding area fraction of
acini, area fraction of apoptotic cells and percentage
of hemolysis (Table 2).

Fig. 1: (A): A photomicrograph of SMG of cisplatin group showing apparent shrinkage of both serous acini and ductal element separated by interstitial edema
(blue arrows). (B): ADSCs group showing almost normal serous acini and ductal system except for stagnation of secretion (red arrow). Note the apparently
large lobules separated by relatively thin connective tissue septa. (C): PRP group showing serous acini and glandular lobules with apparent decrease in the
interstitial edema (H&E, x100). (D): Higher magnification of the previous section showing serous acini (yellow arrow), GCT (red arrow) with normal outline,
SD (blue arrow) with basal striation (H&E, x400).
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Fig. 2: (A): A photomicrograph of SMG of cisplatin group showing irregular outline and multiple vacuoles in serous acini (black arrows), GCT (red arrows).
(B): Cisplatin group showing ED with loss of pseudo-stratification, stagnation of secretion, many desquamated cells (blue arrows) and extravasated RBCs
(black arrows) (C): ADSCs group showing ED lined by flat to cuboidal epithelium with loss of pseudo-stratification in some areas, areas of degeneration and
cytoplasmic vacuoles (blue arrows). Note, serous acini with cytoplasmic vacuoles and hyperchromatic nuclei (red arrows) (D): PRP group showing ED with
few areas of cytoplasmic vacuoles (blue arrows) and relatively large sized blood vessel (red arrow) (H&E, x400).

Fig. 3: (A): A photomicrograph of control group showing negative reactions in most serous acini, IDs, and SDs. Note the few positive reactions in GCTs
(red arrow). (B): Cisplatin group showing intense positive reactions in serous acini (yellow arrow), ID (green arrow), SD (blue arrow) and GCT (red arrow).
(C): ADSCs group showing positive reactions in some serous acini (yellow arrow), ID (green arrow), faint positive cytoplasmic reactions in GCT (red arrow)
and almost negative reactions in the SD (blue arrow). (D): PRP group showing negative reactions in serous acini, IDs, SDs and GCTs (Anti-active caspase-3
antibody x400).
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Fig. 4: (A): Electron micrograph of control group acinus showing open faced nucleus (N) and many secretory granules (SG) (x5000). (B): Cisplatin group
showing atypical and atrophied acini with pyknotic and shrunken nuclei (N) and multiple cytoplasmic vacuoles (V) (x3000). (C): ADSCs group showing
acini with pyknotic nuclei (N) indented nuclear membrane (blue arrows), some cytoplasmic vacuoles (V) and interstitial edema (I) (x3000). (D): PRP group
showing acinar cell facing the basal part of GCT. Some acini show open faced nucleus (N) The GCT shows open faced nucleus (N), Secretory granules (Sg)
and mitochondria laterally and basally (M) (x5000).

Fig. 5: (A): Electron micrograph of control group showing SD having basal enfolding (blue arrows), numerous mitochondria (M), RER (R) and open-faced
nucleus (N) (x10000). (B): Cisplatin group showing SD with multiple cytoplasmic vacuoles (V), stagnation of secretion (S), pyknotic nuclei ( N) and loss of
basal striations , thickening of the basement membrane of the SD (blue arrows) (x10000). (C): ADSCs group showing SD having partial loss of basal enfolding
(blue arrow), with some mitochondria (M), open faced nucleus (N) and narrow lumen (L) (x3000). (D): PRP group showing SD with radial mitochondria (M)
and deep basal enfolding (x5000).
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Fig. 6: (A): Electron micrograph of control group GCT (basal part) showing basally situated rounded nucleus (N), prominent nucleoli (n), secretory granules
(Sg), rER (R), mitochondria (M) and many Golgi saccules (G) (x10000). (B): Cisplatin group showing GCT with ruptured nuclear membrane (blue arrow),
swollen mitochondria (M), dilated rER (R) and multiple cytoplasmic vacuoles (V) (x10000). (C): ADSCs group showing GCT with some open-faced nucleus
(N), secretory granules (Sg), many mitochondria (M), well organized rER (R) and prominent Golgi apparatus (G) (x10000). (D): PRP group acinus showing
basally situated rounded open-faced nucleus (N) with prominent nucleolus (n), secretory granules (Sg), rER (R), mitochondria (M) and the lumen (L) with
regular outline (x10000).

Table 1: Platelet concentration before and after separation (PRP/ ul)

Mean=+

Standard Deviation Pvalue
platelet count before separation 618777.78+93456.91 <0.001
platelet count after separation 1196888.89+84229.51 '
Values are presented as mean +SD.
P-values less than 0.05 were considered as statistically significant
Table 2: Area fraction of acini, apoptosis, and percentage of hemolysis in all groups
Control group Cisplatin group ADSCs group PRP Group P value
Area fraction of acini % (H&E) 93.64+2.11 56.77+4.96" 71.42+7 75.63+8.42" <0.001
Area fraction of Apoptosis% (Immuno- Caspase 3) 19.5¢13.16 47.97+22.44" 31.93+11.9% 25.33+14.44% 0.004
The Percentage of Hemolysis 54.14+11.10 10.14+1.77 25.00+3.27% 21.14+3.13" <0.001
Values are presented as mean £SD
*: dtatistically significant compared to corresponding value in control group (P<0.05)
#: statistically significant compared to corresponding value in cisplatin group (P<0.05)
$: statistically significant compared to corresponding value in ADSCs group (P<0.05)
DISCUSSION Presence of intra cytoplasmic vacuoles might be caused

by the released free radicals which cause damage to the
cellular components!'®!”. Also, other cellular alternations
in the form of pyknotic nuclei, irregular membrane outline,
hyperchromatism and polymorphism could be attributed to
nuclear damage which in turn causes DNA platination and
results eventually in apoptosis®..

In the present study, cisplatin group revealed apparent
shrinkage of both serous acini and glandular lobules with
presence of interstitial edema. Serous acini, intercalated
ducts, striated ducts, granular convoluted tubules, and
excretory ducts showed multiple vacuoles, pyknotic
and hyperchromatic nuclei and many degenerated cells.

These results were in consistent with Terzi et al.,['¥ which The SDs in cisplatin group exhibited loss of basal
could be attributed to accelerated acinus cell apoptosis striations and swollen mitochondria in H&E and electron-
and degeneration induced by cisplatin administration!*>, microscopic results respectively. This finding agrees with
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Labah and Wahba,"® who found the same results on day
4 after intraperitoneal injection with a single dose (6 mg/
kg body weight in 0.9% saline) of cisplatin in rats. This
could be explained by the damage of mitochondria which
may be attributed to its sensitivity to cisplatin as cisplatin
is hydrolyzed to generate a positively charged metabolite
which preferentially accumulates within the negatively
charged mitochondria.

In the current study, H&E results of the EDs in cisplatin
group revealed loss of pseudo-striation, wide Iumen,
degenerated epithelial lining and stagnation of secretion.
The wide lumen and stagnation of secretion could be due
to the pathological effect of chemotherapy on myoepithelial
cells that embracing the EDs leading to failure of expelling
the secretion into the oral cavity and subsequently result in
xerostomial?®’,

On the other hand, our results regarding cisplatin
group revealed a significant increase in the area fraction of
apoptosis compared to all other groups, manifested by many
intense positive nuclear and cytoplasmic reaction for anti-
active caspase 3 antibody in almost all acinar and ductal
elements. This result come in agreement with Mubarak and
Ali; in their examination of BAX (indicating apoptotic
activity) in rat parotid salivary glands, they detected intense
BAX positive immune reactivity in acinar and ductal cells
in the group that received cisplatin (7mg/kg). The increased
area fraction of apoptosis could be explained by Conklin!'”),
who stated that free radicals produced by cisplatin cause
damage to the cellular components.

Using osmotic fragility test (reflects the oxidative stress),
cisplatin group showed statistically significant decrease
in the percentage of hemolyzed RBCs compared to the
corresponding groups, which is indicative for hemolytic
anemia. This result is in concomitant with Cvetkovic
et al. .2 who reported that cisplatin administration resulted
in hematotoxicity at both high (4-16 mg/kg) and low
(10 -8 -10 -12 g/ml per rat) concentrations, with the
development of anemic conditions. These results also
come in accordance with Harris et al.,” who reported that
increased oxidative stress might promote this pathological
status  progression in cisplatin-based chemotherapy.
This can be attributed to the cisplatin-induced anemia
(microcytic hypochromic anemia) which results in decreased
hematological parameters as a result of suppression of
erythropoiesisi?!. Hence the significant decrease in blood
analysis in cisplatin group in the current study could be
explained by decreased erythrocyte number caused by the
cisplatin induced anemial®.

Cisplatin is proven to cause deterioration on salivary
glands after 72 hours of systemic administration!"); we
chose to start the possible therapy either ADSCs or PRP on
day 4 to make sure that cisplatin-induced tissue damage has
already been established. Moreover, no self-regeneration
was observed in cisplatin group when a dose of (Smg/kg/
week) was used!®.

In general, ADSCs group revealed superior histological
result over cisplatin group represented by apparent decrease
in the shrinkage of both serous acini and glandular lobules.
Serous acini, intercalated ducts, striated ducts, granular
convoluted tubules and excretory ducts showed less vacuoles,
some open-faced nuclei, many mitochondria, well organized
rER and prominent Golgi apparatus. ADSCs group also
revealed significant increase in the acini area fraction and
percentage of hemolysis as well as significant decrease in
the area fraction of apoptosis compared to cisplatin group.

These findings confirm the regenerative effect of
ADCSs on the cisplatin-induced salivary gland damage and
prove that ADSCs enhance the healing potential and the
proliferative capacity of the SMG gland cells after cisplatin
administration. These results come in accordance with Hany
et alB); in their study, systemic intravenous bone marrow
stem cells (BMSCs) administration resulted in significant
increase in the average number of positive immunolabeled
proliferating cell nuclear antigen (PCNA) cells compared to
the cisplatin group indicating higher proliferative capacity
and lower apoptotic profile. Similarly, in the study by Sumita
et al.,*® intravenous BMSCs administration led to increased
PCNA proliferation marker in irradiated submandibular
glands.

Such regenerative effect of MSCs observed in the
chemotherapeutic rat model, may be mediated through many
mechanisms, such as trans-differentiation to tissue-specific
cells, fusion with the existing original cells to enhance the
organ performance by directing their own genetic and cellular
material®” or through their paracrine mediators secreted by
MSCs, which could participate in the repair process?®l.

In several studies, it was established that, MSCs secrete
a wide array of cytokines in vitro including IL-8, G- colony
stimulating factor (G-CSF), IL-11, IL-15, IL-10, and basic
fibroblast growth factor (bFGF)?, vascular endothelial
growth factor (VEGF) and insulin-like growth factor (IGF-I).
IGF-I seems to play a major role in MSCs restorative
effect!?®],

IGF-I prevents cell apoptosis and promotes functional
recovery as suggested by Xu et al.,*” who denoted that, [GF-I
and other paracrine mediators such as VEGF, bFGF directly
up-regulated Bcl-2 in cardiomyocytes. The homodimers
of Bcl-2 may stabilize the mitochondrial membrane and
prevent the activation of downstream apoptotic signaling.
These reports may explain our statistical results regarding
the significant decrease in the apoptotic area fraction,
apparent decrease in the acinar and ductal intra cytoplasmic
vacuoles and normal mitochondrial membrane in ADSCs
group compared to the corresponding cisplatin group.

The significant increase in the hemolysis percentage
in ADSCs group compared to cisplatin group reflect the
increase in number of RBCs and subsequently enhancement
of hematopoiesis as through the effect of ADCSs on the
cisplatin treated rats. These hematological results could be
due to the fact that ADSCs are rich in CXCL12, a critical
regulator of hematopoiesis. ADSCs express CXCLI2 at a
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statistically higher level than that in BMSCs. In addition,
ADSCs exhibit a perivascular phenotype in vitro and in vivo.
Moreover, ADSCs are similar to CXCL12- reticular cells in
their phenotype and CXCL12 expression, which may explain
why ADSCs can efficiently support hematopoiesis®!.

In contrast to our results, Wang et al.,?*! reported a
non-significant difference in the ADSCs group compared
to the irradiated group regarding apoptosis and cellular
proliferation. In their study, (2x105 ADSCs/rat) were injected
intra-glandular weekly for three consecutive weeks after 12
weeks post radiation. This controversy in results may be due
to difference in the route of administration chosen in each
study.

Despite using ADSCs as possible treatment for induced
tissue damage, we can’t neglect studies that are concerned
with the drawbacks. It was reported that MSCs secrete several
fatty acids that confer resistance to platinum chemotherapy
in breast cancer cells®,

In addition, ADSCs may secrete IL-6 to promote the
tumor-initiating diseases of colon and breast cancers, also
IL-10 which is secreted from ADSCs during hypoxia may
promote tumor growth in Burkett lymphomal**3%. More
recently it was found that conditioned medium of ADSCs
could support epithelial ovarian cancer cell survival in
the presence of cisplatin. On the light of the previously
mentioned studies, MSCs seem to provide non-specific
cell protection against cisplatin induced apoptosis in both
cancerous and non-cancerous cells?).

In the present study, PRP group revealed apparent
decrease in the shrinkage of both serous acini and glandular
lobules. Serous acini, intercalated ducts, striated ducts,
granular convoluted tubules and excretory ducts showed less
vacuoles, many open-faced nuclei, many mitochondria, well
organized rER and prominent Golgi apparatus. These results
regarding the curative effect of PRP are in consistence
with another study which reported that PRP appeared to be
histologically effective in the regeneration of submandibular
salivary glands after severe irreversible atrophic changes
caused by the gland delegation®. Also, another study
reported a reno-protective effect of PRP on cisplatin-induced
nephrotoxicity in adult male Wistar rats®!.

These histological improvements were also observed
by El-Sharouny et al.?”!, who recorded that treatment of
cisplatin induced hepatotoxicity in rats with PRP revealed
improvement of the hepatic parenchymal architecture and
minimal marked improvement in the parameter of hepatic
enzymes, comparable with the control group.

This capacity of PRP to ameliorate cisplatin induced
salivary gland damage, is represented by the improved
histological and hematological results in PRP group. It may
be mediated through natural cocktail of growth factors and
bioactive substances within a-granules in the PRP which
orchestrating tissue regeneration. These growth factors
include platelet derived growth factor (PDGF), transforming
growth factor-p1 (TGF-P1), epidermal growth factor

(EGF), VEGF, (b-FGF) and connective tissue growth factor
(CTGFB®,

On the other hand, the significant decrease in the area
fraction of apoptosis in PRP group compared to cisplatin
group could be due to the fact that PRP has anti-apoptotic
activities via downregulating the expression of apoptotic
genes as DAPK1 and BIM mRNA and inhibiting p53, BAX,
and caspase-3 levels®?. In addition, PRP may suppress
caspase-3 by enhancing the PI3K/Akt pathway which curbs
reactive oxygen species generation, thereby downregulating
nuclear factor Kappa B (NF-kB) activation and increasing
resistance to oxidation”. This finding also could explain the
significant increase in the hemolysis percentage (possibly
less oxidative stress) which was detected by the osmotic
fragility test and the significant decrease in the area fraction
of apoptosis when compared to the cisplatin group.

In the present work, we considered the significant
increase in the acini area fraction in PRP group compared to
cisplatin group as a sign of tissue repair, in addition decreased
inflammatory signs was presented by apparent decrease in the
interstitial edema and the acini shrinkage. This could be due
to the fact that PRP increase the intracellular expression of the
anti-inflammatory mediators (IL-4, IL-10, and IL-13) which
is known to play a major role in inhibiting inflammation and
decreasing IL-1B-mediated catabolic effect. Moreover, IGF-
1 is one of the growth factors in PRP which stimulates the
release of growth hormones, which help in tissue repairt’’,

In this work, we detected apparent a decrease in
extravasated RBCs between the acini in PRP group. This
result could be related to the fact that PRP extract promotes
angiogenesis through the angiopoietinl-Tie2 pathway
that stimulates growth, migration, and differentiation of
endothelial cellst!.

In contrast to our results, a study reported a non-
significant difference in the platelet rich fibrin (PRF) group
compared to the irradiated group regarding both the cell
proliferation using (PCNA) and the cellular apoptosis using
“TUNEL” (terminal deoxynucleotidyl transferase-mediated
deoxyuridine triphosphate nick end labeling) to detect DNA
cleavage and chromatin condensation®?. This controversy in
results may be due to first, different route of administration
(they used local administration while we used systemic one).
Second, different types of plasma concentrate since they
used PRF while we used PRP (fibrin free).

In the present study, we found a statistically non-
significant difference between ADSCs group & PRP group
regarding the area fraction of acini and area fraction of
apoptosis. This comes in accordance with Wang et al.,??, who
reported a non-significant difference in the ADSCs group
compared to the PRF regarding both the cell proliferation
using (PCNA) and the cellular apoptosis using “TUNEL” to
detect DNA cleavage and chromatin condensation.

In view of our results and in conjunction with the
previously mentioned studies*?; PRP stand as a strong and
profound compeer to the ADSCs. In addition, PRP is safe,
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autologous and has no reported anti-immune or toxic effect
on the tissues?. In addition, our current study proved that
the protocols of PRP administration (multiple injection), is
more profound than the single injection protocol of ADSCs
regarding the repeated treatment with cisplatin.

CONCLUSION

Both ADSCs and PRP could be considered as effective
treatments for the cisplatin induced submandibular salivary
gland damage. Both showed nearly the same results at the
end of our experiment with no significant difference between
both groups regarding all comparative parameters used in
this study. In addition, there was a non-significant difference
in the area fraction of apoptotic cells between PRP group and
the control group, but we detected a significant difference
between ADSCs group and the control group regarding the
same parameter. Accordingly, we recommend the usage of
PRP over ADSCs as a potent and effective treatment of the
cisplatin-induced salivary gland damage due to its safety,
easy accessibility and proved treatment effect.
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