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A B S T R A C T

Background: The functional insufficiency of salivary glands constitute the common oral complaints in both type
1 and type 2 diabetes mellitus. The treatment with stem cell could decrease diabetic-induced hyposalivation and
improve the quality of life for patients. Objective: The current study designed to assess the biological outcome of
systemic injection of stem cells on the parotid salivary gland in streptozotocin induced diabetic. Methods:
Twenty-four albino rats received intra-peritoneal injection of 50 mg/kg streptozotocin for induction of diabetes
and were divided into two groups (n = 12): Group I (control) were kept without any manipulation, Group II
received intravenous injection of 1×106 of mesenchymal stem cells of bone marrow derived for two days. All
rats were sacrificed at 1, 3 weeks, then the parotid glands were isolated, fixed and processed for Heamatoxylin
and Eosin examination, immunohistochemical staining for aquaporin-5. Results: group I groups showed in-
tracellular cytoplasmic vacuoles and focal loss of salivary architecture, while group II showed maintenance of
gland architecture. Immunohistochemical examination of aquaporin-5 showed significant difference between
the two groups. Conclusion: bone marrow derived stem cell treatment considers as an improved methods in
prevention and treatment of diabeticinduced hyposalivation.

1. Introduction

Diabetes mellitus (DM) considered as a collection of metabolic
syndromes described by hyperglycemia and disorders in the metabo-
lism of carbohydrates, proteins, and lipids.1 It is a glucose insufficiency
syndrome characterized by deficiency in the secretion of insulin, which
is the key anabolic hormone that create a major role in controlling
numerous metabolic pathways, including carbohydrate metabolism,
glycogen storage and fatty acid synthesis. There are two common types
of DM, type 1 and type 2.2 Type 1 diabetes is described by the total
insufficiency of insulin due to the damage of pancreatic beta cells, while
type 2 is produced mainly by insulin resistance in the important organs,
such as the liver, muscle, and adipose tissue.1

Saliva is a natural secretion which can mirror local and systemic
deviations, since the saliva composition is affected by any nutritional,
hormonal, immunologic, neurologic, and metabolic changes of the in-
dividual.3 The prevalence of caries, periodontal disease, and candida
infections can be elevated in persons with raised blood glucose levels.4

DM is supposed to increase exposure to xerostomia, a quantitative and/
or qualitative decline of saliva in the oral cavity. Diminished salivary
secretion considered as a main cause of problems in the oral cavity by

promoting aggregation of bacteria leading to many oral contamina-
tions, severe thirst, change in the taste sensation, and rapid dental
caries and bad breath.5

The progenitor stem cells are able to self-renew and differentiate
into many cell types in vitro according to the micro-environment. The
treatment of T2DM using numerous types of stem cells are still under
research. These contain the bone marrow mononuclear stem cell (BM-
MNSC), the hematopoietic stem cells, the mesenchymal stem cells
(MSCs), the embryonic, the induced pluripotent stem cells, and others.6

The stem cells isolated from the bone marrow can be differentiated
to many kinds of cells comprising the hematopoietic precursors, the
MSCs and mature differentiated cells. As soon as the bone marrow
derived mesenchymal cells are injected, various reactions may occur,
the stem cells homing to the bone marrow and directed to the areas of
damage then they are triggered to release many cytokines and growth
factors.7 The BM-MNSCs can stimulate angiogenesis and vasculariza-
tion in ischemic areas by paracrine effects,.8 Thus, they possibly acti-
vate the endogenous stem cells to proliferate and initiate the healing
mechanism.9

Aquaporins (AQPs) form a groups of transmembranous protein
channels that constitute the main role of transcellular water
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permeability. AQPs are permeable to water, and some of them have
been penetrable to minutes molecules, containing cations and glycerol,
and gases.10 According to AQPs construction and the permeability
features, AQPs are divided into traditional AQPs, mainly permeable to
water, ions and gases (AQP0, AQP1, AQP2, AQP4, AQP5, AQP6,
AQP8).11

Water secretion is regulated by water channel proteins on the se-
cretory cells, called aquaporin-5 (AQP5). It is supposed that any change
in AQP5 may cause change in the salivary secretion.12

This study was designed mainly to find whether the diabetes mel-
litus disturb aquaporin-5 (AQP5) levels in rat parotid salivary gland and
if the bone marrow derived stem cells has a protective outcome on
diabetic induced morphological changes.

2. Materials and methods

2.1. The experimental animals

24 male white albino rats (200–250 gm body weight) were used in
in this study, they were housed in Medical Experimental Research
Center (MERC), Mansoura University, Egypt. The animal handling and
experimental protocols was approved according to ethical committee
for animal care and followed to the roles defined the controlling prin-
ciple for the animals laboratory procedure in Faculty of Dentistry,
Mansoura University (the code number A 16091019). The rats divided
into two groups:

Group I (control): consisted of twelve12 rats, which received intra-
peritoneal injection of 50 mg/kg streptozotocin for induction of
diabetes
Group II (study): consisted of twelve12 rats, that received strepto-
zotocin (STZ) for induction of diabetes as group I, then received an
intravenous (I.V) injection of 1×106 of bone marrow cells for two
days.13

2.2. Induction of diabetes

After fasting the rats for 18 h, the rats were injected by single in-
traperitoneal injection (IP) of 50 mg/kg STZ (Sigma Aldrich, Germany),
freshly dissolved in dissolved in 0.1 ml citrate buffer (pH = 4.5). The
diagnosis of diabetes was confirmed by measuring non fasting blood
glucose levels using a glucometer (ACCU-Check, Roche Diagnostics
GmbH, Mannheim, Germany). The blood glucose tests were taken 7
days after injection of STZ. The rats exhibiting blood glucose level over
300 mg/dl were used in this study.13

The level of rats’ blood glucose was examined every week and the
results were listed in table. Statistical analysis for blood glucose level of
all animals was made.

2.3. BM-MSCs manipulation and isolation

The tibiae and femurs of mice were flushed by Dulbecco's modified
Eagle's medium (DMEM) added to 10% fetal bovine serum (FBS) - ob-
tained from Lonza company, Swiss-, washed in PBS, suspended in the
media enhanced with 1% penicillin–streptomycin, seeded in culture
dishes, and incubated at 37 °C in 5% humidified CO2 for 2~3 days in
order to develope many colonies. Once large colonies formed (80~90%
confluence), cultures were double flushed with PBS and the cells were
separated using 0.25% trypsin in 1 mm EDTA for 5 min at 37 °C. The
suspension then centrifuged. The cell viability was determined by
adding 10 μL trypan blue to 10 μL cell suspensions and mixing. Finally,
10 μL of the mixture was placed in a haemocytometer chamber
(Cambridge Instruments, Buffalo, NY, United States), viable and non-
viable cells were counted by hemocytometer, and then subculturing
viable cells at 4×103 cells/cm2, the third passage were used for ex-
periments.

2.3.1. Characterization
Four million BMSCs were trypsinized and harvested. They were

washed and then resuspended in phosphate-buffered saline (PBS) en-
riched with 3% foetal bovine serum that contained a saturating con-
centration (1:100) of the six subsequent fluorescein isothiocyanate-
conjugated monoclonal antibodies anti-CD14, anti-CD19, anti-CD44,
anti-CD45, anti-CD90 and one phycoerythrin-conjugated monoclonal
antibody, anti-CD34. The cells were incubated against isotype controls
in the dark for 30 min at room temperature. Normal rat IgG peridinin
chlorophyll protein complex was used as an isotype control to differ-
entiate nonspecific background signals from specific antibody signals.
Then, the cells were washed using 2 mL PBS and centrifuged for
5 min at 1500 rpm, and the resulting supernatant was discarded. The
cells were suspended in 0.2 mL of 0.5% paraformaldehyde in PBS.
Fluorescein activated cell sorting [(FACS) Canto, BD, United States)]
was used for acquisition and analysis of CD34 and CD45, and the data
were analysed with BD Cell Quest TM Pro version 6.0 software (dot
plot). A BD Accuri C6 flow cytometer was used for the analysis of CD14,
CD19, CD44, and CD90, and the data were analysed with BD Accuri C6
program software (histogram plot). All these steps were carried out at
the Genetic Department, Children's Hospital, Mansoura University
Fig. 1.

2.4. Bone marrow cells transplantation

After administration of anesthetizia by intraperitoneal injection of
30 mg/kg ketamine and 10 mg/kg xylaine. Rats of group II were treated
once by intravenous injection (tail vein) with BM- MSCs at a dose of
1 × 106/10 μl HBSS/bovine serum albumin. While rats of group I was
sham treated once by 10 μL HBSS/bovine serum albumin.14

2.5. Biopsy collection

The rats of each group were euthanized by sodium thiopental
overdose 40 mg/kg by intrapritoneal injection after 1 and 3 weeks then
the parotid glands were removed and fixed immediately in 10% for-
malin.

2.6. Sections of specimens were prepared for

1. Haematoxylin & Eosin stain
2. Immunohistochemical stains with rabbit anti-AQP5 polyclonal an-
tibody by avidin-biotin complex method.

2.7. Computer digital assisted image analysis

5 slides were taken from every group, 5 random fields from each
slides have been examined. Slides were photographed by Olympus®
digital camera that was connected on Olympus® microscope with 1/2 X
photo adaptor, using 400X objective lens. Photos examined on Intel®
Core I3® based computer using Video Test Morphology® software
(Russia) with a definite fixed routine for measuring the quantity and the
area of staining.

2.8. Statistical analysis

The collected data was evaluated by Statistical Package for Social
Science software computer program version 17 (SPSS, Inc., Chicago, IL,
USA). The mean and standard deviation express the quantitative data.
The study groups were compared using student's t-test. P value less than
0.05 was considered statistically significant.
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3. Results

3.1. Haematoxylin & Eosin stain results

Group I: After 1 week, there were cytoplasmic vacuoles and py-
knotic nucleus, focal loss of salivary architecture. After 3 weeks, there
was more cytoplasmic vacuoles and pyknotic nucleus with focal areas
of degeneration Fig. 2(a and b).
Group II: After 1week: the sections showed less amount of cyto-

plasmic vacuoles and preserved normal salivary architecture. After 3
weeks: slides showed proper parenchymal architecture consisted of
acini and intralobular ducts Fig. 2(c and d).

3.2. Immunohistochemical stains (Anti-aquporin-5) results

AQP5 was presented on the cellular membrane of the gland acini
and cytoplasm of the duct system. After one and three week's group I
showed reduction in AQP5 expression compared to groups II Fig. 3.

3.3. Statistical results

a. Table (1) showing mean ± SD for blood glucose level after diabetic
induction and its statistical analysis results for the different groups:

Non significant: at P > 0.05.Significant: at P < 0.05.

Fig. 1. Plots of the flow cytometric
analysis of bone marrow-derived stem
cells. A: anti-CD14; B: anti CD19; C:
anti-CD44; D: anti-CD34 (FL1-H) and
anti-CD45 (FL2-H); E: anti-CD105; F:
anti-CD90. A, B, C, E, and F are histo-
grams of the relative fluorescence
height (FL1-H) of surface markers
against cell count, while D is a dot plot
of the relative fluorescence height of
the surface marker CD34-PE (FL1-H)
against the relative fluorescence height
of the surface marker CD45-FITC (FL2-
H).

Fig. 2. Group I (a,b) after one and three weeks after diabetes induction, the parotid glands showed large numbers of cytoplasmic vacuoles with shrunken nuclei and
loss of acinar outlines. (c,d) group II after one and three weeks, there were less numbers of cytoplasmic vacuoles and maintained acinar outlines (H&E, X100).
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b. Table (2) showing comparison in AQP5 expression between the two
studied groups.

Using Paired student's t-Test for comparing between groups, the test
showed a significant difference among two groups at 1 week ex-
amination period (t = 5.246, P = 0.001) and at 3 weeks examination
period (t = 17.093, P < 0.001).

4. Discussion

Diabetes mellitus (DM) considered one of the most widespread
chronic disease. The proper treatment should include carefully con-
trolling to maintain the system and organ vitality, when not properly
controlled, it lead to neuropathy, renal diseases, blindness, arterio-
sclerosis, and glandular dysfunction, comprising the salivary glands.15

The present study, after diabetic induction, parotid salivary glands

showed large numbers of cytoplasmic vacuoles with shrunken nuclei
and loss of acinar outlines, that comes in accordance with Anderson
et al. that early histological studies showed that there were reduction in
the size of serous acini of diabetic rats, in addition the diabetic rats
showed morphological alterations in gland architecture and dentistry of
secretory protein. These comprise the development of autophagic va-
cuoles and increase numbers of lipid globules.16 Ivanovski et al. re-
ported that patients with diabetes mellitus suffer from damage of sali-
vary gland which lead to decreased amount of saliva than in healthy
individuals. Oother authors explain that the lower salivary flow asso-
ciated with elevation in diuresis or polyuria, a reduction in extracellular
fluid and therefore decreased in the saliva formation.17

In healthy persons, the formation of ROS and its neutralization were
balanced by the production of antioxidant defense, mostly owing to the
defense mechanisms of the cells via formation of antioxidants and an-
tioxidant enzymes, that provide defense of cells and tissues from oxi-
dative damage. In diabetes patients, the formation of the controlling
mechanisms could be of significance role in tissues liability to oxidative
stress. Also, other studies reported that diabetes stimulate deviations in
the antioxidant controlling mechanism in several body tissues.18

In our current study, results revealed more regular glandular ar-
chitecture of the parotid gland after intravenous injection of BMD stem
cells, which comes in acceptance with Khalili et al. in their study on
treatment of NOD mice (non-obese diabetic) after induction of
Sjogren's-like disease using multipotent mesenchymal stromal cells
(MSCs) as a treatment protocol for autoimmune diseases because of the
anti-inflammatory and immunostimulator abilities of stem cells.19

Bone marrow derived stem cells can be simply isolated by using
needle aspirates, and can be divided in great numbers of multipotent
mesenchymal stromal cells (MSCs). Many studies were designed to
evaluate the impact of the consumption of MSCs as a new strategy for
treatment of autoimmune diseases, such as systemic lupus er-
ythematosus, rheumatoid arthritis, and diabetes mellitus.20

In the current work, statistical analysis of blood glucose level in-
dicate significant difference between groups and lowering blood glu-
cose level after BMDSc injection, This could be supported by Fotino
et al. who stated that tissue repair and regeneration may be achieved by
the use of bone marrow-derived stem cell (BMSC) transplantation, and
in stimulating immune reactions. As well as, current clinical in-
vestigations are assessing the role of BMSC in improvement the function
of beta-cell mass with type 1 and type 2 diabetes.21

Regarding immunohistochemical expression of AQP5 in the parotid
glands in cell membrane of acini and cytoplasm of duct system. These

Fig. 3. Group I (a, b) showed reduced immunoreactivity with the acini and ducts. Group II (c, d) showed increased immunoreactivity on the cell membranes and
cytoplasm of ducts (immunohistochemical stain with AQP5,X100).

Table 1
showing mean ± SD for blood glucose level after diabetic induction and its
statistical analysis results for the different groups.

Group I Group II ANOVA
F P value

One week Mean 384.25 191.67 20.08 0.000
SD 32.74 74.70

Two weeks Mean 436.38 196.17 14.9 0.000
SD 42.27 150.16

Three weeks Mean 514.25 148.33 221.8 0.000
SD 22.11 59.54

Non significant: at P > 0.05.Significant: at P < 0.05.

Table 2
Comparison between the two studied groups.

Control Study group t(p)

1 week
Mean ± SD. 0.52 ± 0.14 1.0 ± 0.15 5.246a(0.001a)
Median (Min. –Max.) 0.56(0.36–0.68) 1.04(0.82–1.18)
3 weeks
Mean ± SD. 0.58 ± 0.04 1.91 ± 0.17 17.093a(< 0.001a)
Median (Min. –Max.) 0.59(0.53–0.63) 1.96(1.71–2.11)

t: Student t-test.
p: p value for comparing between the studied groups.
a Statistically significant at p ≤ 0.05.
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results supported by Akamatsu et al. AQP5 positive staining was re-
stricted to the apical membranes of acini.22 It is well recognized that
aquaporin-5 (AQP5) is represented in the salivary glands, mostly re-
stricted at the apical membrane of the acinar cells. The physiological
significance of AQP5 in transcellular water transfer were explained by
decreased salivary flow under pilocarpine injections in AQP5-null mice
compared with normal mice. In addition, it has been reported the sig-
nificance of AQP5 in this transcellular water transfer process, and the
stimulation of saliva discharge.23

Statistical analysis of AQP5 showed significance difference among
groups at 1 and 3 weeks. These results recommend the potential pa-
thophysiological significance of AQP5 in the salivary glands and ac-
cepted by Shikawa et al. that induced diabetic rats were incapable of
activation the AQP5 releasing from cell membrane in interlobular duct
of parotid glands, the deficiency in AQP5 transferring can be re-
sponsible for the formation of xerostomia.23

Other studies described achievements consuming BMDCs for pre-
serving functional activity of salivary gland comes in agreement with
Tran and his colleagues who isolate entire BMDCs cells and injected the
soluble intracellular components into mice with irradiation-injured
SGs. BMDCs were considered as an effective treatment therapy. Also, it
comprises only the cell by-products and not whole live BMDCs which
transmit the risk of differentiating into unwanted/tumorigenic cell
types in SGs.24

The present explanations recommend that there was proper
homeostatic non-inflammatory transmission of BMSCs into the parotid
glands, which reduce the morphological changes of parotid glands. This
experimental transportation was somewhat rapid and might previously
be noticed on the first week. In the salivary glands, MSCs mobilized
from the bone marrow appeared to donate mainly to the enhancements
in tissue performance by local cytokine-mediated interactions with the
tissue stem cells.25

Furthermore, the proper mechanism of this enhancement may not
explaine absolutely. Tran and coworkers suggested that enhanced
salivary gland function resulted from a grouping of several mechan-
isms, such as cell fusion, vasculogenesis, transdifferentiation, and
paracrine signaling. Basically, no chemotactic or mobilizing agents
were used in the present study, in order to avoid their various side
effects and toxicities.

5. Conclusion

BMDSC stem cells were a valuable means for studying in vivo fate of
MSCs as cellular stem cell therapy for salivary glands complications
during DM. Profound homeostatic and non-inflammatory movement of
MSCs from the bone marrow into the salivary glands increase the
salivary secretion and reserve the glandular architecture.
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