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ABSTRACT

Objective: Head and neck cancer is the sixth leading cancer by incidence worldwide and eighth by death.
Recent reports revealed that, not only radiotherapy but also chemotherapy may induce xerostomia. The aim
of this study was to compare the possible regenerative effect of BMSCs through systemic and local injections.
Material and Methods: 52 male Albino rats were randomly divided into 4 groups: Group 1: 10 rats received
0.5 ml of PBS by injection. Group 2: 14 rats received an intraperitoneal injection of 5-FU drug. Group 3: 14
rats were injected the same dose of 5-FU then received an intraglandular transplantation of BMSCs suspended
in 0.5 ml of PBS at day 1 after 5-FU administration. Group 4: 14 rats were injected the same dose of 5-FU then
received an intravenous injection of BMSCs suspended in 0.5 ml of PBS via the tail vein at day 1 after 5-FU
administration. Results: Histological examination showed that group 2 showed features of severe degenerative
changes which increased over time. Group 3 showed increasing amelioration in the ductal structure overtime.
Group 4 also showed regenerated ductal elements however concerning apoptotic changes, immunohistochemistry
results revealed improvement in both group 3 and 4 over group 2 with no statistical difference between groups
3 and 4. Conclusion: Histological and immunohistochemical features in group 3 and group 4 revealed similar
amelioration in regenerative potentials. On the other hand, regenerative features of both experimental groups
were statistically significant as compared independently to group 1.
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RESUMO

Objetivo: O carcinoma de cabeca e pescoco é o sexto cancer de maior incidéncia no mundo sendo a oitava causa
de morte por cancer. Relatos recentes revelaram que nédo apenas a radioterapia, mas também a quimioterapia
podem induzir xerostomia. O objetivo desse estudo foi comparar a possivel acdo regenerative de BMSCs
através de injecdo local e sistémica. Material e Métodos: 52 ratos Albino foram aleatoriamente alocados em 4
grupos: Grupo 1: 10 ratos que receberam 0.5 ml de injecdo de PBS. Grupo 2: 14 ratos que receberam injecdo
intraperitoneal da droga 5-FU. Grupo 3: 14 ratos que foram injetados com a mesma dose de 5-FU e receberam
transplante intraglandular de BMSCs ressuspendidas em 0.5mL de PBS no dia 1 apds a administracao do 5-FU.
Grupo 4: 14 ratos que foram injetados com a mesma dose de 5-FU e receberam injecdo intravenosa de BMSCs
ressuspendidas em 0.5mL de PBS via veia caudal 1 dia apds a administracdo de 5-FU. Resultados: O exame
histolégico demonstrou que o grupo 2 apresentou alteracdes degenerativas severas que se agravaram com o tempo.
O Grupo 3 mostrou melhora da estrutura ductal ao longo do experimento. Group 4 também mostrou elementos
ductais regenerados. Referente a alteracoes apoptdticas,andlise imunohistoquimica mostrou melhora nos grupos 3
e 4 comparados ao grupo 2, sendo que os grupos 3 e 4 foram estatisticamente semelhantes. Conclusdo: Andlises
histolégicas e imunohistoquimicas mostram que os grupos 3 e 4 apresentam melhora no potencial regenerativo.
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Por outro lado, os resultados observados para os dois grupos foi estatisticamente semlhante quando comparados

independentemente ao grupo 1.

PALAVRAS-CHAVE

5-fluourouracil; anti-caspase-3; BMSCs; H&E; glandula salivar parétida.

INTRODUCTION

Head and neck cancer is the sixth leading
cancer by incidence worldwide and eighth by
death [1]. Head and neck cancer therapy by
radiation is known to result in significant oral side
effects, such as significantly elevating the risk of
xerostomia, candidiasis, dental decays, as well as
oropharyngeal dysphagia. It is well established
that xerostomia is manifested fundamentally by
the impact of localized radiation over the major
salivary glands (SGs). However, recent reports
have revealed that chemotherapy may as well
reduce the salivary flow and affect the saliva
composition even when is not associated with
radiotherapy [2].

5-Fluorouracil (5-FU) is in the antimetabolite
and pyrimidine analog groups of chemotherapeutic
agents [3]. It was patented in 1957, came into
medical use in 1962, and is considered to be
a pillar of chemotherapy regimens against a
wide-broad spectrum of malignancies [4]. It
can be applied as a cream to treat basal cell
carcinoma, actinic keratosis and skin warts [5].
As intravenous (IV) injection, it is used to treat
colon cancer, hepatic cancer, esophageal cancer,
stomach cancer, pancreatic cancer and breast
cancer. However, it has many adverse effects on
multiple organs including the SGs [6].

Stem cell therapy is a trending and rising
treatment modality of various diseases. Bone
marrow is known to be a reliable and functional
environment that comprises stem cells, such as
adult mesenchymal stem cells (MSCs) that can
regenerate, proliferate and differentiate into
various cell types [7]. It is clearly demonstrated
that bone marrow mesenchymal stem cells
(BMSCs) retains a high differentiation potential
to a broad range of cells in vitro and thus play an
important role in fields of regenerative medicine
and dentistry [8].

However, almost all studies regarding BMSC
therapy for SGs were only concerned with the
damaging effects of radiation therapy on the
submandibular glands (SMGs) solely [9] while

relatively few studies investigated chemotherapy-
induced SG injury.

So, this work was conducted to compare
the possible regenerative effect of two routes of
BMSCs administration (systemic injection and
local transplantation) on the parotid glands,
histologically and immunohistologically.
It was also aimed to evaluate the effect of
chemotherapeutic agents — 5-FU — on the parotid
glands (PGs) of albino rats.

MATERIALS AND METHODS

Materials

5-FU was purchased from Hikma specialized
Pharmaceuticals (Utoral), Cairo, Egypt, as
ampoules 250 mg/5 ml. The BMSCs were
purchased from the Stem Cell Unit at the
Histology Department, Faculty of Medicine,
Ain Shams University, Cairo, Egypt. Cells were
isolated from femur bones of albino rats as
described by Sumita et al. [10]. Cells were
used for the experiment after the third passage.
BMSCs features were demonstrated by typical
spindle-shaped morphology and adherence
to plastic walls. Cells were also characterized
by flow cytometry analysis as described by
Lotfy et al. [11]. BMSCs were negative for the
hematopoietic lineage marker CD45 and positive
for CD29 and CD90. Also, Caspase 3 primary
polyclonal antibody (ThermoFisher Scientific
Catalog # MA1-91637, USA) was used for
detection of apoptotic cells.

Experimental design

The animals were housed in a sterile,
controlled environment (24 + 2 °C and 12 h
dark/light cycles) and fed with standard pellets
diet and tap water. They were divided and
kept in individual cages, nine rats per cage.
The experiment was conducted according to
the guidelines of animal experimentation and
approved by institution guide lines of Ain Shams
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University Ethical Committee with authorization
number (FDASU —Rec IM031905).

Fifty two male Albino rats of 200~250 g
weight (5~6 months of age) were used in this
study. The rats were obtained from the Animal
House of Ain Shams University, Cairo, Egypt,
and were divided into 4 groups, each group was
further subdivided into 2 subgroups according to
the day of euthanization:

Group 1 (PBS group): Ten rats received 0.5 ml
of PBS by injection and were considered as
negative control;

Group 2 (5-FU group): 14 rats received a single
intraperitoneal (IP) injection of Fluorouracil
drug (20 mg/kg) each and were considered
as positive control [12];

Group 3 (Local transplantation group): 14
rats were injected the same dose of 5-FU
then received local intraglandular (IG)
transplantation of BMSCs (5x10°cells)
suspended in 0.5 ml of PBS at day 1 after
5-FU administration [13];

Group 4 (Systemic administration group): 14
rats were injected the same dose of 5-FU
then received an intravenous (IV) injection
of BMSCs (2x 106 cells) suspended in 0.5 ml
of PBS via the tail vein at day 1 after 5-FU
administration [14].
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Figure 1 - Diagram representing grouping of animals.
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Five rats of group (1) and seven rats of each
of the three groups (2, 3 and 4) were sacrificed at
days 6 and 10 after 5-FU or PBS administration,
as represented in Figure 1.

Sample preparation for light microscopy

Specimens of the PGs were prepared for
examination under the light microscope. PGs
were excised and fixed immediately in 10% neural
buffered formalin solution for 48 hours. The
specimens were then processed and embedded
in paraffin wax according to standard technique.
Two sets of serial 4-5 um thickness sections were
obtained and mounted on clean glass slides.
One set was prepared for hematoxylin and
eosin (H&E) staining [15], the other set was
prepared for Caspase-3 immunohistochemical
staining [16]. Rat spleen was used as a positive
and negative control. The positive control
reaction was detected as brown color; the cellular
localization of this antibody is nuclear and
cytoplasmic. The negative control reaction was
detected as blue color.

Morphometric assessment of present acinar
tissue

For each group, five H&E-stained
photomicrographs were captured at original
magnification of X40. All images were captured

SG 1a 5 rats
- S
— g —— Saline
Negative Control SG 1b 5 rats
sacrificed at 10 days

SG 2a 7 rats
sacrificed at 6 days
SG 2b 7 rats
sacrificed at 10 days
SG3la7 rats
sacrificed at 6 days
SG 3b 7 rats
sacrificed at 10 days
SG4a7rats
sacrificed at 6 days

SG 4b 7 rats
sacrificed at 10 days
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using digital camera (EOS206, Canon, Japan)
which was mounted on a light microscope (BX60,
Olympus, Japan). Images were then transferred
to the computer system for analysis.

All the steps of analysis were carried out
using Image J, 1.41a, (NIH, USA) image analysis
software. Images were first corrected for brightness
and contrast. Any ductal or stromal elements
present were removed. Images, with only acinar
tissue then, were converted into 8-bit grayscale
type. Color thresholding was accomplished.
The area fraction (AF) of acini was measured
automatically. The area fraction represents the
percentage of the acinar tissue to the total area
of the microscopic field. The mean area fraction
(MAF) for each case was calculated and the
collected data were tabulated in Microsoft Excel
sheet to be further statistically analyzed.

Immunohistochemical assessment of cas-
pase-3 expression

For each group, five photomicrographs
showing evident caspase-3 immunopositivity
were selected. The photomicrographs were
captured at original magnification of X40. The
digital images were obtained the same way as
those of the H&E-stained ones.

All the steps of immunohistochemical
assessment were carried out, also, using Image J
image analysis software. For evaluation of Caspase-3
immunoreactivity, only acinar and ductal cells
displaying nuclear/cytoplasmic/membranous
staining were regarded immunopositive. So,
any stromal cells or intraluminal secretions
with brown immunostaining were excluded.
Images were first corrected for brightness and
contrast. Corrected images were then converted
into 8-bit grayscale type. Color thresholding was
adjusted to only extract the immunoreactive
cells. In photomicrographs, where positive
immunoreactions were present, the area fraction
of immunopositivity was measured automatically.
The area fraction represents the percentage of
Caspase-3-immunopositive cells to the total area
of the microscopic field. MAF for each case was
calculated. The collected data were tabulated in
Microsoft Excel sheet to be subsequently analyzed
statistically.

Statistical analysis

Statistical analysis was performed using IBM
SPSS software for Windows (Version 20). Data

Systemic versus local injection of bone marrow mesenchymal
stem cells on 5-fluorouracil treated parotid glands of albino rats

was presented as mean and standard deviation
(SD). The significance level was set at P < 0.05.
Kolmogorov-Smirnov and Shapiro-Wilk tests
were used to assess data normality. All intergroup
comparisons of acinar area fraction percentage
at each time period were performed by One-Way
ANOVA. Intragroup comparisons of acinar area
fraction percentage between both time periods
were conducted using Independent Student
t-test. One-way ANOVA test was used to compare
between groups regarding surface area positive
reaction to Anti-Caspase-3 followed by Tukey
post hock test.

RESULTS

Hematoxylin and eosin results

In the current study, regarding the results
of Group 1 (negative control), examination
of the H&E stained sections revealed PG with
normal histological architecture. The gland
was encapsulated by a fibrous connective tissue
capsule that sent out septa which divided the
gland into lobes and smaller lobules, which
were surrounded by normal vasculature. The
gland showed a normal histological picture for
serous acini, intercalated ducts (IDs) and striated
ducts (SDs) (Figure 2A). The excretory ducts
(EDs) were detected in the connective tissue
(CT) septa between the lobes. They were lined
by pseudostratified columnar epithelium and
showed an empty lumen (Figure 3A).

Regarding rats sacrificed of Group 2,
histological results at day 6 showed spacing
between the acini and surrounding the ducts.
Serous acinar cells showed ill-defined cell
outline, faint basophilic cytoplasm with multiple
different sized vacuolations. The nuclei appeared
hyperchromatic, some appeared crescent-shaped
and others bi-nucleated. The IDs showed regular
outline with cytoplasmic vacuolations and
centrally situated nuclei. The SDs cells appeared
with ill-defined outline. The lining cells also
appeared reduced in height with multiple
cytoplasmic vacuolations and the lumen appeared
dilated. In other specimens, the SDs lining cells
appeared degenerated. Dilation of neighboring
BVs and massive extravasation of red blood cells
(RBCs) with presence of inflammatory cells were
also detected (Figure 2B).

Regarding rats sacrificed of Group 2,
histological results at day 10 showed serous acini
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Figure 2 - Photomicrographs of rat parotid salivary gland of (A). Group 1 showing: serous acini (red arrow). The ID appear with cuboidal cell
lining (yellow arrow). The SD appear lined by columnar cells with basal striations (blue arrow); (B) Group 2 at day 6 showing: Ill-defined cell
outline of the serous acini with faint basophilic cytoplasm with multiple vacuolations and pleomorphic nuclei (green arrows). ID lining cells
appear reduced in height and their nuclei appear pale and vesicular with some cytoplasmic vacuolations (blue arrow). SDs with multiple
cytoplasmic vacuoles, loss of basal striation and areas of destruction (red arrow). Massive extravasation of RBCs can also be detected (yellow
arrow); (C) Group 3 at day 6 showing: serous acini with a definite outline. Lining cells appear basophilic with some cytoplasmic vacuolations.
Most of the nuclei appear hyperchromatic (yellow arrow). IDs with lining cells reduced in height and dilated lumens are also detected (blue
arrows); (D) Group 3 at day 10 showing: SDs with some lining cells appearing ill-defined and others maintaining basal striation (red arrow).
Slight widening in between the lobules and acini is seen (yellow arrow). Neighboring BVs appear dilated; (E) Group 4 at day 6 showing: serous
acini with basophilic cytoplasm and the nuclei (red arrow). Minimal cytoplasmic vacuolations are also seen. IDs with an ill-defined cell outline
and lumen appear surrounded with spacing (yellow arrow) while other ducts appear lined by cuboidal cells (blue arrow); (F) Group 4 at day 10
showing: SDs retaining almost normal appearance with columnar lining cells, basal striation and rounded nuclei (red arrows) (H&E, orig. mag.

X400).

and their lining cells appeared with an ill-defined
cell outline and faint basophilic cytoplasm with
multiple different-sized vacuolations. Some of
the acinar cell nuclei appeared large, irregular
and hyperchromatic. Other acinar cell nuclei
represented morphological signs of apoptosis.
Some nuclei appeared crescent in shape, others
appeared ring-like and others appeared vesicular.
Extravasated RBCs could be obviously detected
between the acini. Most of the ED lining cells
showed loss of pseudo-stratification, others
showed signs of degeneration and vacuolations.
The duct lumen showed desquamated cells.
The CT surrounding the duct showed areas of
degeneration and the neighboring blood vessels
(BVs) were dilated and showed inflammatory
cells in their lumen (Figure 3B).

Regarding histological results of Group 3 of
rats sacrificed at day 6 showed the serous acini
with a definite outline. The lining acinar cells

appeared basophilic with minimal cytoplasmic
vacuolations. Most of the nuclei appeared
hyperchromatic. The IDs were detected with
lining cells reduced in height and dilated lumens
(Figures 2C and 3C). The EDs lining cells
appeared with ill-defined cell outline. Some
lining cells showed cytoplasmic vacuolations
while others showed signs of degeneration. The
lumen of the ducts showed pink stained stagnated
secretion. The ducts were surrounded with
fibrous CT with minimal areas of degeneration.
The neighboring BVs appeared dilated. Few
lymphocytic infiltrations were also observed
(Figure 3C).

Regarding histological results of Group 3 of
rats sacrificed atday 10 showed the serous acini with
a definite outline. The lining acinar cells appeared
basophilic with minimal cytoplasmic vacuolations.
Some nuclei appeared hyperchromatic. The
SDs lining cells appeared with loss of basal
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Figure 3 - Photomicrographs of rat parotid salivary gland of (A) Group 1 showing: serous acini (green arrow). The EDs lined by pseudostratified
columnar epithelium and showing an empty lumen (red arrow); (B) Group 2 at day 10 showing: serous acini and their lining cells with ill-
defined outline, pale basophilic cytoplasm and different-sized vacuolations (green arrows). ED with loss of pseudo-stratification and signs of
degeneration and vacuolations in the lining cells can also be detected (red arrow). The duct lumen showing desquamated cells (yellow arrow).
The CT surrounding the duct showing areas of degeneration and the neighboring BVs are dilated with engorged RBCs and inflammatory cells
in their lumen (blue arrow); (C) Group 3 at day 6 showing: serous acini with a definite outline. Lining cells appear basophilically stained with
some cytoplasmic vacuolations. Most of the nuclei appear hyperchromatic (green arrows). EDs show signs of degeneration with pink stained
stagnated secretion in the lumen (red arrow). The ducts appear surrounded with fibrous CT with minimal areas of degeneration (yellow arrow).
The neighboring BVs appeared dilated. Few lymphocytic infiltrations were also observed; (D) Group 3 at day 10 showing: Showing serous acini
with a definite outline. The lining acinar cells appearing basophilic with minimal cytoplasmic vacuolations (green arrow). The ED appear with
ill-defined cell outline, with reduced height and loss of pseudo-stratification. Some cytoplasmic vacuolations are also detected (red arrows).
The lumen of the ducts showed homogenous pink stained stagnated secretion. The neighboring BVs appear dilate with few lymphocytic
infiltrations observed (yellow arrow). The surrounding fibrous CT show areas of slight degeneration (blue arrow); (E) Group 4 at day 6 showing:
serous acini with basophilic cytoplasm and hyperchromatic and pleomorphic nuclei (green arrow). Some cytoplasmic vacuolations are also
seen. EDs lined by pseudostratified columnar epithelium with small area of degenerative cells and cytoplasmic vacuoles (red arrow). Stagnant
secretion is seen in the lumen. Congested BVs engorged with RBCs and some lymphocytic infiltrations are also observed (yellow arrow); (F)
Group 4 at day 10 showing: serous acini with basophilic cytoplasm and minimal hyperchromatic nuclei. Minimal cytoplasmic vacuolations could
be detected (green arrow). ED lined by pseudostratified columnar epithelium and minimal cytoplasmic vacuoles (red arrow). Congested BVs
engorged with RBCs surrounded by fibrous CT are also detected (yellow arrow) (H&E, orig. mag. X400).

striations and reduction in height, while other cells
maintained their basal striation. Slight widening
in between the lobules and acini were detected.
Neighboring BVs appeared dilated with engorged
RBCs in their lumen (Figures 2D and 3D). The EDs
lining cells appeared with ill-defined cell outline.
Some lining cells were reduced height with
loss of pseudo-stratification. Some cytoplasmic
vacuolations were detected. The lumen of the
ducts showed homogenous pink stained stagnated
secretion. The neighboring BVs appeared dilated.
Few lymphocytic infiltrations were also observed.
The surrounding fibrous CT showed areas of slight
degeneration (Figure 3D).

Regarding histological results of Group 4 of
rats sacrificed at day 6 showed the serous acini
with basophilic cytoplasm and nuclei appeared

hyperchromatic and pleomorphic. Minimal
cytoplasmic vacuolations were detected. Some
IDs appeared surrounded with spacing with ill-
defined cell outline and lumen while other ducts
were lined by cuboidal cells (Figures 2E and 3E).
The EDs were lined by pseudostratified columnar
epithelium with small area of degenerative cells
and cytoplasmic vacuoles. Stagnant secretions
were detected in the lumen. Congested BVs
engorged with RBCs and some lymphocytic
infiltrations were also detected (Figure 3E).

Regarding histological results of Group 4
of rats sacrificed at day 10 showed the serous
acini with basophilic cytoplasm and nuclei
appeared hyperchromatic and pleomorphic.
Minimal cytoplasmic vacuolations were detected.
The SDs appeared lined by columnar cells and
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maintained basal striation. Minimal cytoplasmic
vacuolations could be detected. Some dilation
of the surrounding BVs was also detected
(Figures 2F and 3F). The EDs were lined by
pseudostratified columnar epithelium and
minimal cytoplasmic vacuoles. Congested BVs
engorged with RBCs surrounded by fibrous CT
were also detected (Figure 3F).

Immunohistochemical results

Immunohistochemical staining of PG sections
of Group 1 showed minimal observed positive
reaction (Figures 4A and 5A), while according
to image analysis results, both acinar and ductal
cells showed positive stained reaction to anti-
caspase-3 in other groups with variant degrees.
Wide areas reacted positively at day 10 in groups
2, 3 and 4 (Figures 4D, 4F, 5B, 5D and 5F)
and less wide areas were detected at day 6
(Figures 4B, 4C, 4E, 5C and 5E).

Statistical analysis

Acinar area fraction

One Way ANOVA (Table I) showed that
there was a statistically significant difference in

Systemic versus local injection of bone marrow mesenchymal
stem cells on 5-fluorouracil treated parotid glands of albino rats

mean acinar area fraction between study groups
after 6 days (P=0.004) and 10 days (P=0.005).
Group 1 (negative control) and group 4 (systemic
administration group) displayed the significantly
higher mean acinar area fraction compared
to group 2 (positive control) (P<0.05). While
group 3 (local transplantation group) did not
differ significantly from that of groups 1, 2 and
4 (P>0.05).

Independent Student t-test (Table I) showed
that there was no statistically significant difference
in mean acinar area fraction between both time
periods within each study group (P=0.547 in
group 1, P=0.556 in group 2, P=0.616 in group 3
and P=0.280 in group 4).

Statistical analysis was performed using IBM
SPSS software for Windows (Version 20). Data
was presented as mean and standard deviation
(SD). The significance level was set at P < 0.05.
Kolmogorov-Smirnov and Shapiro-Wilk tests
were used to assess data normality. All intergroup
comparisons of Caspase-3 area fraction at
each time period were performed by One-Way
ANOVA. Intragroup comparisons of Caspase-3
area fraction between both time periods were
conducted using Independent Student t-test.
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Figure 4 - (A) An immunostained photomicrograph of group 1 showing minimal positively stained acinar cells with caspase-3; (B) An
immunostained photomicrograph of group 2 at day 6, showing many areas of positive staining reaction to caspase-3 in both acinar and ductal
cells; (C) An immunostained photomicrograph of group 3 at day 6, showing apparent minimal areas of positive staining reaction to caspase-3
in acinar and ductal cells; (D) An immunostained photomicrograph of group 3 at day 10, showing minimal areas of positive staining reaction to
caspase-3 in both acinar and ductal cells; (E) An immunostained photomicrograph of group 4 at day 6 showing wide areas of positive staining
reaction to caspase-3 in both acinar and ductal cells; (F) An immunostained photomicrograph of group 4 at day 10 showing areas of positive
staining reaction to caspase-3 in both acinar and ductal cells (anti-caspase 3 orig. mag. X400).
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Figure 5 - (A) An immunostained photomicrograph of group 1 showing almost negatively stained ductal cells with caspase-3; (B) An
immunostained photomicrograph of group 2 at day 10, showing many areas of positive staining reaction to caspase-3 in ductal and acinar
cells; (C) An immunostained photomicrograph of group 3 at day 6, showing areas of positive staining reaction to caspase-3 in ductal cells; (D)
An immunostained photomicrograph of group 3 at day 10, showing minimal areas of positive staining reaction to caspase-3 in both acinar and
ductal cells; (E) An immunostained photomicrograph of group 4 at day 6 showing many areas of positive staining reaction to caspase-3 in both
acinar and ductal cells; (F) An immunostained photomicrograph of group 4 at day 10 showing areas of positive staining reaction to caspase-3

in both acinar and ductal cells (anti-caspase 3 orig. mag. X400).

Table I - Mean=SD and P-value for the effect of study groups on acinar area fraction percentage at each time period

Negative control group 72.80+8.112
Positive control group 45.06+5.85°
Local transplantation group 61.22+6.68%
Systemic administration group 64.01+4.14°
P-value 0.004*

75.92+1.38° 0.547NS

48.94+8.69° 0.556NS

64.16+6.57% 0.616NS

69.57+6.51° 0.280NS
0.005*

Mean with different superscript letters within each column are statistically significant different at P<0.05.

Caspase-3 area fraction.

One Way ANOVA (Table II) showed that
there was a statistically significant difference
in mean Caspase-3 area fraction between study
groups after 6 days (P<0.001) and 10 days
(P<0.001). After 6 days, groups 2 and 4 displayed
the significantly higher mean area fraction
compared to groupl (P<0.05). While group 3
did not differ significantly from that of groups 1
and 4 (P>0.05). After 10 days, group 2 displayed
the significantly highest mean area fraction
(P<0.05); followed by group 4. Results of group
3 showed statistically significant improvement
compared to group 2 (positive control), however,
as compared to group 4, the differences were
statistically non significant.

Independent Student t-test (Table II) showed
that there was no statistically significant difference
in mean Caspase-3 area fraction between both
time periods within each study group (P=0.911 in
negative control group, P=0.449 in positive control
group, P=0.629 in local transplantation group and
P=0.252 in systemic administration group).

DISCUSSION

The present study was conducted to shed a
light on the most profound and effective method
of administration of BMSCs by investigating
possible regenerative effect of its systemic and
local injection besides evaluating the effect of
5-FU on PGs of albino rats.
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Table Il - Mean+SD and P-value for the effect of study groups on Caspase-3area fraction percentage at each time period

Negative control group 0.60+0.45¢

Positive control group 45.95+11.17°
Local transplantation group 20.57+9.25b
Systemic administration group 31.76+11.72®
P-value <0.001*

0.55+0.48¢ 0.911NS
41.11+7.78° 0.449NS
17.94+7.23 0.629NS
22.62+11.69° 0.252NS
<0.001*

*Significant at P<0.05. NS = not significant at P>0.05. Mean with different superscript letters within each column are statistically significant

different at P<0.05.

5-Flourouracil is the most often used
chemotherapy agent in the clinical oncology
practice. It is widely used for managing
various malignancies, including breast tumors,
gastrointestinal cancer, and head and neck
cancer [17]. And in recent years, it was
administrated as the only standard cytostatic drug
in the treatment of colorectal carcinoma [18].
The PG is the most significant SG in terms of the
amount of saliva it produces during stimulated
salivary flow, reaching more than half of the total
volume of salivary secretions [19].

Bone marrow mesenchymal stem cells have
been the most known and commonly utilized
in medical practice since they were the first
identified. Their great capacity for multiplication,
potency to differentiate into specialized cells
and constituents of specialized tissues and with
immunomodulatory competence use, has made
them the golden standard MSCs [20].

Evaluating systemic and local routes of
administration is of critical importance in
managing any disease. In SG disorders, a systemic
delivery may affect the survival of acinar cells
by providing cytoprotection to endothelial cells.
However, a local delivery can provide higher
levels of therapeutic agent besides reducing any
systemic negative side-effects of the therapeutic
drug. Hence it is important to evaluate and
compare between both routes of injection [21].

Results of group 2 (the positive control
group) after 5-FU administration showed ill-
defined acinar outline, multiple different-
sized vacuolizations and disfigured nuclear
pattern. These changes were more obvious 10
days after 5-FU administration. These findings
were in accordance with previous studies that
demonstrated that chemotherapeutic agents such
as, 5-FU and Cisplatin, could induce SG acinar
degeneration in the form of acinar and ductal cell
vacuolization, nuclear pyknosis and subsequent
apoptosis of the cells [16,22-24].

Typical characteristic morphological features
for apoptosis as cell shrinkage, DNA fragmentation
and chromatin condensation were clearly
detected in group 2 which obviously denotes
signs of degeneration or a pre-apoptotic phase
of acinar and ductal cells [25]. These changes
might be related to the mode of action of 5-FU
which blocks the action of Thymidylate Synthase
(TS), leading to Thiamine Monophosphate
(TMP) deficiency which is a precursor one of
the four deoxyribonucleotides required for
DNA synthesis. This affects the nucleus leading
DNA inhibition and cytotoxic alterations that
lead to cell degeneration, desquamation and
hyalinization [26]. It can be also be related to
the fact that chemotherapeutic drugs can induce
reactive oxygen species production leading to
increased lipid peroxidation and calcium ions
influx which also mediates apoptosis [9]. The
epithelial atrophy in the acinar and ductal cells
detected in group 2 of our study, obviously
observed in the ED lining cells, could also be
related to the impaired capacity of cell renewal
due to the inhibitory effect of 5-FU on DNA
replication and cell mitosis [27].

The intracytoplasmic vacuoles observed in
group 2 in this study may be attributed to the
damage of some intracellular structures which
can fuse forming intracytoplasmic vacuoles [22].

Moreover, the pleomorphic nuclei including
crescent-shaped nuclei that was detected in group
2 was related to be the fact that heterochromatin
was separated from the euchromatin, resulting
in the crescent form appearance. This noticeable
signet ring shape was originally used to describe
cells that exhibit peripheral displacement of
the nucleus, due to cytoplasmic vacuolization
related to hydropic degeneration displacing the
nuclei from its original position [28]. Another
explanation suggested that this shape was due
to dense areas of chromatin condensation which
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is a histopathological characteristic feature of
apoptotic cells [29].

Spacing between the acini and the
surrounding ducts was also detected in group 2
which came in accordance with Bomfin et al. [2],
who investigated the effect of 5-FU on SGs of
rats. They explained these findings by the ability
of 5-FU to induce periductal edema, reported in
previous studies.

Stagnated secretion was also one of the
results observed in the ductal lumen of group 2
specimens of our study. This could be related to
the induced mitochondrial oxidative cytotoxicity
induced by administration of 5-FU which
reduces the ductal cells activity leading to this
stagnation [30].

Homogeneous hyalinized areas in fibrous
CT surrounding EDs also seen in group 2 in
the present study, also in accordance with
Hany et el [9]. and McInnes [30], were described
as hyaline degeneration. Later they were indicated
to be as accumulation of proteinaceous material
in the tissues [31].

Cellular infiltration, vascular dilatation,
and leukocyte margination were also observed
in group 2 of this study, which were similar
to previous results observed in oral mucosa
biopsies of rats treated with 5-FU as early as
24 h after drug administration. This could be
related to the oxidative stresses induced by
5-FU, which is associated with release of pro-
inflammatory cytokines in major SGs as explained
by Mafra et al. [32].

In the current study, the CT surrounding
the ducts also showed signs of degeneration
in group 2 with inflammatory cell infiltration,
which comes in agreement with previous studies
demonstrating the effect of 5-FU on collagen
synthesis. It was evidenced that there is a
selective, dose-dependent, and specific down-
regulation of collagen synthesis by fibroblasts in
response to 5-FU [33].

Immunohistological results of group 2
of our study showed a wide area of positively
stained acinar and ductal cells, both nuclear and
cytoplasmic anti-caspase 3 reactions. These results
came in accordance with Flanagan et al. [34]
and Zahawi et al. [35], who reported that
administration of 5-FU was accompanied with
a significant increase in caspase-3 expression.
In another study, increasing the expression of

Systemic versus local injection of bone marrow mesenchymal
stem cells on 5-fluorouracil treated parotid glands of albino rats

caspases-3 and 7 was remarkable in 5-FU-treated
colon cancer cells compared to the control
group. They indicated that 5-FU significantly
induced apoptosis and decreased surviving when
compared with the control group.

These results may be explained by a previous
study that stated that a higher number of
inflammatory cells and the inflammatory cytokines
as tumor necrosis factor alpha (TNF-a), which
lead to apoptotic cell death in SG cells have been
evidenced following 5-FU administration [36].

In the current study, statistical analysis for
the acinar area fraction of group 2 revealed that
there was a decrease in the acinar size, which was
more apparent at day 10 over day 6. This could
be related to the inflammation in the SGs and
decrease of functional cells which cause the SG
atrophy and reduction in acinar area fraction [2].

Results of group 3 of our study (the locally
administered BMSCs into the 5-FU treated
PGs group) showed acini with a more defined
appearance, minimal cytoplasmic vacuolations,
less hyperchromatic and pleomorphic nuclei.
These findings coincide with the results of
previous investigations on the effect of IG BMSCs
transplantation into the SMGs of mice exposed to
radiation that maintained acinar cell and gland
morphologies along with superior gland functions
as salivary flow rate and glandular weight [37,38].

These results also came in agreement with
Kawakami et al. [39] and Kim et al. [40], who
investigated the effect of locally injected adipose-
derived mesenchymal stem cell (ADSCs) injection
into damaged SGs of rats. They suggested that
ADSCs transplantation might prevent atrophy
of SG cells and act to regenerate acinar cells
and restore saliva volume. They explained
this by the fact that paracrine actions of the
stem and progenitor cells are now known to
promote wound healing, however the entirety
of biomolecule production by various progenitor
cell populations and their roles in wound healing
have yet to be characterized.

The previous findings of the current study of
group 3 were explained by proposed mechanisms
by which BMSCs improve organ functions. Initial
reports proposed the ability of BMSCs to (trans)
differentiate into cells of a non marrow/non-
hematopoietic lineage [41]. Then reports on
fusion of BMSCs with cells of other tissues were
documented [42]. The third proposed mechanism
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was vasculogenesis from endothelial progenitor cells
contained within BM [43]. Lastly, the most recent
mechanism is that BMSCs provide a local paracrine
effect on endogenous cells that may be achieved
by secreting anti-apoptotic, anti-inflammatory and
proliferation promoting factors [44].

In the present study, minimal inflammatory
cell infiltration, interacinar and periductal spacing
were observed in group 3 at day 6 and day 10.
This could be attributed to fact that MSC-mediated
modulations of the immune response sets in motion
essential inflammatory processes that significantly
promote tissue repair and regeneration [45].

Immunohistochemical results of group 3 in
this study showed minimal caspase-3 expression
especially at day 10. This was explained by
Sumita et al. [10], who reported that histological
analysis of irradiated SGs of mice treated with
BMCs demonstrated an increased level of tissue
regenerative activity, while apoptotic activity was
increased in non-transplanted mice. These results
also came in agreement Morsy et al. [46], who
investigated the effect of local transplantation of
SG-derived stem cells on the damaged SGs due
to irradiation. They noted an apoptotic activity
that was seen to decrease with time, peaking at
3 days after transplantation, and then declined
at 1 week after transplantation.

In the current study, results of group 4 (the
systemically administered BMSCs into the 5-FU
treated PGs group) showed an overall improved
histological picture that was more apparant at day
10. Acini and ducts had a more regular outline
with minimal cytoplasmic cell vacuolations. These
findings were consistent with Sumita et al. [10] and
Tran et al. [47] who injected BMSCs in tail veins of
rats with irradiated SMGs. These studies detected
better SMG functions, increased proliferation,
decreased apoptosis and increased vascularity as
well. The authors justified their results by detecting
elevated levels of interleukin 10 (IL-10) in the IV
group where they suggested that the presence of
BMSCs in the venous blood stimulates IL-10 release
which can modulate the host immune response and
enhances the healing process [48,49].

Through analyzing the histological as well as
the anti-caspase 3 immunohistochemical results
of group 4 in this study, minimal histopathological
as well as apoptotic changes were observed,
especially at day 10. This could be explained
by the fact that BMSCs are able to inhibit the
immune system, promote cell survival, induce

Systemic versus local injection of bone marrow mesenchymal
stem cells on 5-fluorouracil treated parotid glands of albino rats

angiogenesis or secrete a variety of mediators
of tissue repair, including anti-apoptotic, anti-
inflammatory, immunomodulatory, anti-fibrotic
and angiogenic agents [50,51].

Regarding the comparison between the
results of group 3 (local transplantation) and
group 4 (systemic administration of BMSCs) in
our study, both experimental groups showed
apparent amelioration in the histological
picture and decrease in caspase 3 expression,
with progression of the experimental time
periods. However, the statistical analysis of
both the acinar area fraction as well as anti-
caspase 3 area fraction showed insignificant
statistical difference between both modes of
administration. In light of these findings, it
might be wise considering the local mode of
administration over the systemic route to avoid
possible adverse-effects of MSCs such as an
increased recurrence rate of cancer, particularly
haematological malignancies [52,53].
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