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ABSTRACT

Background: Hypothyroidism is a clinical disorder that results from insufficient production of thyroid hormones leading
to a total decrease of metabolic demands of the body and causing serious abnormalities. Hypothyroidism is known to affect
salivary glands causing deleterious changes including apoptosis and numerous cytoplasmic vacuolation. Mesenchymal stem
cells (MSCs) have high capability of self-renewal. Thus, have enormous therapeutic potential for tissue repair.

Objective: The study aimed to assess the influence of bone marrow derived mesenchymal stem cells (BM-MSCs) on the
histological ultrastructure of submandibular salivary gland of carbimazole-induced hypothyroidism in rats.

Method: Twenty one adult male albino rats were divided into three groups (seven rats each). Group I: Is considered as control
group. Group II: (Carbimazole induced hypothyroidism group): animals were given a single daily oral dose of carbimazole
(5mg/250g/day) dissolved in 3 ml of distilled water delivered by intragastric tube for five weeks, to induce hypothyroidism.
Group III: (BM-MSCs treated group): hypothyroidism was induced similar to group II. Then rats were injected at the lateral
tail vein with 1x 107 BM-MSC:s cells in 0.2ml phosphate buffer saline immediately following induction of hypothyroidism. All
rats were euthanized after 8 weeks (5 weeks of hypothyroidism induction + 3 weeks of stem cells injection). Submandibular
salivary glands were prepared for transmission electron microscopic examination (TEM).

Results: Ultrastructural results of group II revealed massive degenerative changes within the acinar and ductal cells’ nuclei and
organelles, together with disruption of their intercellular junctions. Marked improvement of parenchymal cells’ architecture
was detected with BM-MSCs administration in group III.

Conclusion: BM-MSCs have the potentiality to repair salivary glands damage following induction of hypothyroidism.
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INTRODUCTION cells are able to differentiate into non-mesodermal cells,
myocytes, adipocytes, chondrocytes and osteoblasts™.
They have effective regenerative role in maxillofacial
region such as periodontal ligament, pulp, teeth and salivary
glands repair. They have been also used in reconstruction
of enamel and dentin, and in repair of cleft lip and palate?!.

Hypothyroidism is a condition in which thyroid
hormones production decreases below the standard level. It
results from thyroid disorder, impairment in the mechanisms
controlling the formation of these hormones, or may arise
from complications while treating hyperthyroidism!'.
MSCs exhibit enormous healing capacity for tissue

Oral manifestations of hypothyroidism appear in the ' )
repair. For now, salivary glands’ structure was almost

form of enlarged tongue and increased susceptibility to

dental caries. The salivary glands may also be enlarged, restored after bone marrow derived mesenchymal stem
which may help in the diagnosis of hypothyroid cases'?. cells (BM-MSCs) transplantation following radiotherapy!.
Moreover, submandibular salivary gland is well known to Moreover, authors spotted that BM-MSCs were able to
be a target organ for thyroid hormones. Hypothyroidism reduce radiation induced mucositis in tongue of albino
results in acinar alterations showing apoptosis, and ratsl’l. Previous study revealed that wounds treated with
numerous cytoplasmic vacuolation””. BM-MSCs lead to acceleration of re-epithelization,
Mesenchymal stem cells (MSCs) are undifferentiated angiogenesis and granulation tissue formation in rats®l. In
cells capable of self-renewal. They are found in addition, BM-MSCs was found to have curative effect on
mesenchymal tissues as well as bone marrow. These induced oral ulcers in rats!®.
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Accordingly, it is hypothesized that systemic
administration of BM-MSCs could be beneficial in
improving the drawbacks on the submandibular salivary
glands resulting from drug induced hypothyroidism. Hence,
the purpose of this research was to assess the effect of
BM-MSCs on the histological structure of submandibular
salivary gland of carbimazole-induced hypothyroidism
in rats through transmission electron microscopic (TEM)
examination.

MATERIALS AND METHODS

Materials

*  Carbimazole Smg was purchased from “Chemical

Industries Development, Giza, A.R.E”. It
was supplied as tablets having the trade name
(Carbimazole)

*  BM-MSCs were obtained from “Biochemistry
Department”, Faculty of Medicine, Cairo
University

Animals

Twenty one adult male albino rats were used in this
study weighing between 200-250 grams. The rats were
housed in the animal house of Faculty of Medicine, Cairo
University. Animals were housed under measured humidity,
temperature, and dark-light cycle. They were allowed to
access freely adequate balanced diet and fresh water. The
experiment was supervised by a specialized veterinarian
throughout the experimental period.

Study design

The design of the study was permitted by the ethical
committee of AL-Azhar University (REC18-082).

After one week acclimatization period, the animals
were randomly divided into three groups (seven rats each):

Group I (Control group): Rats of this group were
allowed to access freely balanced diet and freshwater
supply throughout the experimental period.

Group II (Carbimazole induced hypothyroidism
group): For induction of hypothyroidism, rats were
given a single daily dose of carbimazole (5mg/250g/day)
dissolved in 3 ml of distilled water and delivered orally by
intragastric tube for 35 successive days (5 weeks)!'",

To confirm induction of hypothyroidism, blood
samples were collected from retro orbital veins after five
weeks from the beginning of carbimazole treatment for
measurement of serum T3 and T4 (Table 1). Blood
samples were also collected from this group every week
throughout the remaining experimental period to ensure
continuation of the hypothyroid state.

Table 1: Showing the mean of serum T3 and T4 of hypothyroid
rats compared to the reference value of normal rats

Test Hypothyroid group Reference value
Serum T3 99 ng/dl 205-269 ng/dl
Serum T4 4.08 u g/dl 7.3-15 pg/dl

Group III (BM-MSC:s treated group): Hypothyroidism
was induced in rats of this group similar to group II. Then
rats were injected at the lateral tail vein with 1x 107 BM-
MSCs cells in 0.2ml phosphate buffer saline (PBS)!'?
immediately following induction of hypothyroidism (after
5 weeks).

Three weeks after stem cells injection, rats of all groups
were euthanized by an intraperitoneal overdose of sodium
thiopental (80 mg/ kg). Thus the total experimental period
will be 8 weeks; (5 weeks of hypothyroidism induction + 3
weeks of stem cells injection).

Preparation of BM -MSC stem cells

Isolation of BM-MSCs from the femurs and tibiae of
male albino rats then labeling using PKH26 fluorescent
linker dye for cell tracking, were performed in the
“Biochemistry Department”, Faculty of Medicine, Cairo
University. At the endpoint of the study, the submandibular
gland was examined using florescent microscopy to trace
the stained cells with the dye, so to confirm engraftment of
these cells into the hypothyroid rats’ gland (Figure 1).

Fig. 1

Fig. 1: Photomicrograph of group III showing detected BM-MSCs
labeled with red fluorescent PKH26 dye in whole submandibular salivary

gland tissue (PKH26, Original Mag. x200)
Methods of investigation

After euthanization, the submandibular salivary glands
from both sides were immediately dissected and prepared
for TEM examination.

Sample preparation for transmission electron
microscope (TEM)

Small parts from the dissected submandibular gland
(1-3mm) size were thoroughly washed in PBS
(pH 7.4). They were placed in Karnovsky’s fixative (2.5 %
glutaraldehyde and 2 % paraformaldehyde in 0.1 M PBS
for 8-12 hrs.). Samples were fixed again in 2 % osmium
tetroxide for 2 hrs. Tissues were then dehydrated, cleared,
infiltrated, embedded, finally polymerized.

Semi thin sections (0.5-1 p) were produced using
LKB ultra microtome. Following, staining with toluidine
blue was done and samples were inspected under light
microscopy. Ultrathin sections (70-90 nm) were performed
on copper grids and contrasted using uranyl acetate
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(for 15 min) and lead citrate (for 10 min)!'3l. Lastly,
specimens were photographed by TEM (Jeol JEM-
100CX II EM) in the Electron Microscopy Unit, Al-Azhar
University.

RESULTS

Before dissection, the gross picture of the
submandibular salivary gland appeared normal with no
detected alterations.

Control group (group I)
*Acinar cells

Parenchymal cells of the submandibular salivary gland
showed basal spheroidal nuclei with regular outline and
homogenously distributed chromatin displaying granular
appearance, and prominent nucleoli. Parallel aggregations
of rough endoplasmic reticulum (RER) appeared basal
to the nucleus together with few oval mitochondria with
transverse cristae. In addition, varying electron density
and size of membrane bounded secretory granules were
observed surrounding the nucleus (Figure 2).

*Intercalated duct

The intercalated duct cells exhibited large centrally
placed nucleus occupying most of the cell. Moreover,
few normally appearing cisternaec of RER and secretory
granules together with scattered mitochondria were also
encountered in the cytoplasm. On the other hand, normal
desmosomal junctions were recognized throughout the
boundaries of the cells (Figure 3).

*Striated duct

Striated duct cells revealed numerous apical microvilli.
The cells showed large central oval nuclei with granular
appearance bounded by few RER. Basally, the cells
exhibited parallel plasma membrane infoldings containing
abundant rod shaped mitochondria with palisading
arrangement. Desmosomal junctions were clearly detected
between striated ductal cells (Figure 4).

*Granular convoluted tubules

The basal part of the granular convoluted tubule
(GCT) cells contained rounded, regular outlined nucleus
with prominent nucleolus. The nucleus was bounded by
abundant mitochondria at the vicinity of the basal plasma
membrane, together with few cisternae of RER. Multiple
membrane bounded granules of varying size and density
filled the apical two third of the cells. Junctional complexes
were also recognized between the basal plasma membrane
of GCT cells (Figure 5).

*Excretory duct

The excretory duct cells exhibited normally appearing
nucleus with homogenously distributed chromatin,
abundant mitochondria and scanty RER. Cells also
presented microvilli on their luminal boundaries, and
numerous desmosomal junctions on their lateral margins.
(Figure 6).

Carbimazole induced Hypothyroidism group
(group 1)
In group II, massive degenerative alterations

were detected within all parenchymal elements of the
submandibular salivary gland.

*Acinar cells

TEM of group II showed obvious acinar cellular
damage. Some nuclei showed early apoptotic changes
as irregularity of the nuclear membrane and chromatin
clumping. Also, dilatation of the nuclear membrane
with existence of perinuclear halo was also a detectable
feature. Some nuclei appeared pyknotic and shrunken
with chromatin condensation. The RER presented variable
changes ranging from dilatation and widening of cisternal
spaces, to discontinuity and fragmentation exhibiting
granular appearance. Dilated mitochondria with disrupted
cristae were also marked in the acinar cells. Moreover,
secretory granules showed apparent reduction with
variable electron densities and ill-defined outlines. Areas
of vacuolar degeneration were also spotted within the
acinar cytoplasm (Figure 7).

*Intercalated duct

Some nuclei of the intercalated duct cells appeared
closed faced with chromatin condensation, others were
shrunken and pyknotic. Moreover, the RER showed
moderate dilatation, while the mitochondria appeared
clongated with partial loss of their cristac. On the other
hand, marked loss of attachment between ductal cells was
clearly evident (Figure 8).

*Striated duct

Irregular orientation of basal plasma membrane
infolding in the striated duct cells was recognized. Some
nuclei showed signs of degeneration presented by nuclear
membrane irregularity and pyknosis. The mitochondria
were highly affected in which some appeared dense and
elongated between the collapsed membrane infoldings,
while others were markedly distended with massive
disruption of their cristae. The RER were sparse, disrupted,
severely diminished and abnormally dilated. Moreover,
the cytoplasm showed extensive areas of vacuolar
degeneration. Besides, the desmosomal junctions were
distorted at the apical area between the cells (Figure 9).

*Granular convoluted tubules

Ultrastructure examination of GCTs showed some cells
with few electron dense secretory granules surrounded
by cytoplasmic vacuolation. Numerous swollen and
degenerated mitochondria with damaged cristae were
encountered together with scanty and dilated sacs of RER.
Meanwhile, massive areas of vacuolar degeneration were
obviously found throughout the cytoplasm (Figure 10).

*Excretory duct

Excretory duct lining cells revealed apical shrunken
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nuclei. Moreover, mitochondrial degeneration was evident
with dilated, granular RER and few vacuolated areas.
Loss of attachment between cellular boundaries was also
recognized apically (Figure 11).

BM-MSCs treated group (group I11)

In this group, all parenchymal elements showed marked
ultrastructural improvement of their acini and ducts to a
great extent approaching those of the control group.

*Acinar cells

In this group, the nucleus appeared normally rounded
with well-defined nuclear membrane and homogenously
distributed peripheral chromatin. Prominent nucleolus
could be detected as well. The RER was relatively well
organized and arranged in parallel rows with few areas
of persistent dilatation. Meanwhile, normally appearing
mitochondria were recognized, while few expressed partial
loss of their cristae (Figure 12).

*Intercalated duct

Intercalated ducts cells showed regain of normal nuclear
appearance. Uniform arrangement of cisternae of RER
was spotted with slight dilatation together with normally
appearing mitochondria. Besides, few well defined
electron dense secretory granules could also be observed
at the apical part of the ductal cells. Furthermore, cells had
no disruption of their intercellular junctions (Figure 13).

*Striated duct

The basal folding of plasma membrane regained its
uniform arrangement in radial pattern with elongated and
numerous longitudinally oriented mitochondria. Moreover,
scanty RER and few areas of cytoplasmic vacuolation were
hardly detected. As well, desmosomal junctions between
the cells were clearly distinguishable with no intercellular
spaces (Figure 14).

*Granular convoluted tubules

GCT cells appeared studded with electron dense
secretory granules. The nucleus appeared normal as well
the RER which assumed normal configuration with scanty
areas of distended cisternae, Moreover, mitochondria were
scanty exhibiting transverse cristac. Normal intercellular
junctions could also be detected between GCT cells
(Figure 15).

*Excretory duct

Normal nucleus as well as numerous normal
mitochondria and few distended RER were spotted within
the excretory duct cells. Moreover, no disruption of
intercellular junctions was recognized between excretory
duct cells (Figure 16).

(a)

2 microns
TEM Mag = 4000x

(b)

—_—
2 microns
TEM Mag

10000x

Fig. 2: Electron micrograph of acini of submandibular salivary gland of group I showing: [a] acinar cells [b] regular nucleus with prominent nucleolus (N),
parallel arrays of RER (R), mitochondria with transverse cristae (red arrows), secretory granules of variable densities (S) (Uranyl acetate and lead citrate [a]

x4000 [b] x10000).
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Fig. 3: Electron micrograph of intercalated duct of submandibular salivary gland of group I showing: [a] intercalated duct cells [b] large central nucleus (N),
few RER (R), scattered mitochondria (red arrows), few secretory granules (s). [c] normal desmosomal junctions (red arrows) (Uranyl acetate and lead citrate
[a] x6000 [b] x10000 [c] x15000).
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Fig. 4

Fig. 4: Electron micrograph of striated duct of submandibular salivary gland of group I showing: [a] striated duct cells [b] large oval nucleus (N), apical
microvilli (yellow arrows), palisading arrangement of mitochondria (M), normal desmosomal junction (red arrows) [c]: numerous mitochondria (M), few RER
(R), desmosomal junctions (red arrows), apical microvilli (yellow arrows) (Uranyl acetate and lead citrate [a]x4000 [b] x5000 [c] x15000).
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Fig. 5: Electron micrograph of GCT of submandibular salivary gland of group I showing: [a] GCT cells [b] the nucleus (N), mitochondria (red arrows),
numerous secretory granules (S), RER (R), desmosomal junctions (black arrows) (Uranyl acetate and lead citrate [a] x6000 [b] x15000).

(a)

5 micrean
TEM Mag « 2000

(c)

Fig. 6

Fig. 6: Electron micrograph of excretory duct of submandibular salivary gland of group I showing: [a] excretory duct cells [b] slightly irregular nucleus (N),
abundant mitochondria (M), scanty RER (R) [c] nucleus (N), abundant mitochondria (M), numerous desmosomal junctions (red arrows) microvilli (black
arrows) (Uranyl acetate and lead citrate [a] x2000 [b] x8000 [c] x15000).
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Fig. 7

Fig. 7: Electron micrograph of acini of submandibular salivary gland of group II showing: [a] acinar cells [b] hyperchromatic nucleus (N) with dilated
perinuclear membrane and irregular nuclear margin (red arrow), dilated RER with wide cisternal spaces (R), dilated mitochondria with partially disrupted
cristae (M), ill-defined secretory granules with variable densities (s) (Uranyl acetate and lead citrate x10000) [c] pyknotic shrunken nucleus (N), dilated
mitochondria with partial loss of cristae (red arrows), RER exhibiting granular appearance (R), numerous vacuolation (V) (Uranyl acetate and lead citrate [a]
x8000 [b] & [c] x10000).
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Fig. 8

Fig. 8: Electron micrograph of intercalated duct of submandibular salivary gland of group II showing: [a] intercalated duct cells [b] closed faced nucleus (N),
pyknotic nucleus (C) elongated mitochondria (red arrow), partial loss of cristae (yellow arrows), moderate dilatation of RER (R) [c] loss of attachment between
the cells (red arrow) (Uranyl acetate and lead citrate [a] x5000 [b] x10000 [c] x15000).
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Fig. 9: Electron micrograph of striated duct of submandibular salivary gland of group II showing: [a] striated duct cells [b] pyknotic nucleus with irregular
nuclear membrane (N), distended mitochondria with massive loss of cristae (red arrows), extensive vacuolation (V), abnormally dilated RER(R) [c] dense and
elongated mitochondria (red arrows), disrupted and dilated sacs of RER (R), extensive vacuolar degeneration (V) [d] loss of attachment between the cells at
the apical area (red arrows) (Uranyl acetate and lead citrate [a] x4000 [b] x10000 [c] x20000 [d] x15000).
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Fig. 10: Electron micrograph of GCT of submandibular salivary gland of group II showing: [a] GCT cells [b] nucleus (N), few electron dense secretory
granules (s), swollen and degenerated mitochondria (red arrows), scanty and dilated RER (R), massive vacuolated areas (V) (Uranyl acetate and lead citrate
[a] x2500 [b] x8000).

Fig. 11: Electron micrograph of excretory duct of submandibular salivary gland of group II showing: [a] excretory duct cells [b] shrunken apically displaced
nucleus (N), degenerated mitochondria (red arrows), dilated granular RER (yellow arrow), vacuolar degeneration (V) [c] loss of cellular attachment (black
arrow) (Uranyl acetate and lead citrate [a] x3000 [b] x 6000 [c] x15000).
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Fig. 12: Electron micrograph of acini of submandibular salivary gland of group III showing: [a] acinar cells [b] normally appearing nucleus with prominent
nucleolus (N), well organized RER with few dilatation (R), normal mitochondria (red arrow), few damaged mitochondria (blue arrow) (Uranyl acetate and

lead citrate [a] x4000 [b] x10000).

re——
2 microns
TEM Mag = 8000x

2 microns
TEM Mag 12000x

Fig. 13: Electron micrograph of intercalated duct of submandibular salivary gland of group III showing: [a] intercalated duct cells [b] normally appearing
nucleus (N), normally appearing mitochondria (yellow arrows), uniform slightly dilated RER (R), electron dense secretory granules (red arrows), intercellular
junctions (blue arrows) (Uranyl acetate and lead citrate [a] x8000 [b] x12000).
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Fig. 14: Electron micrograph of striated duct of submandibular salivary gland of group III showing: [a] striated duct cells [b] normal nucleus (N), radial
arrangement of mitochondria (M), scanty RER (red arrow), few cytoplasmic vacuolation (yellow arrows) [c] intact intercellular desmosomal junctions (red
arrows) (Uranyl acetate and lead citrate [a] x3000 [b] x8000 [c] x15000).
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Fig. 15: Electron micrograph of GCT of submandibular salivary gland of group III showing: [a] GCT cells [b] normal nucleus (N), electron dense secretory
granules (S), normal RER with few distended cisternae (R), normal Mitochondria (red arrow), intact intercellular junctions (yellow arrow) (Uranyl acetate and
lead citrate [a] x2500 [b] x10000).
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Fig. 16: Electron micrograph of excretory duct of submandibular salivary gland of group III showing: [a] excretory duct cells [b] normal nucleus (N), numerous
normal mitochondria (M), scanty RER (red arrows) [c] normal desmosomal junction (yellow arrow) (Uranyl acetate and lead citrate [a] x2000 [b] x8000 [c]
x15000).
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DISCUSSION

In this research, we aimed to evaluate the effect of
BM-MSCs on the histological structure of submandibular
salivary gland of carbimazole-induced hypothyroidism in
rats by means of transmission electron microscopic (TEM)
examination.

The submandibular gland was the gland of choice
in this study since rodents’ salivary glands show a
degree of similarity when compared histologically to
human submandibular salivary gland. However, rodent
submandibular glands develop GCTs producing a variety
of growth factors!!4l.

According to our research, hypothyroidism was
effectively induced by a well known anti-thyroid drug
carbimazole. The drug is widely utilized experimentally
on animal models!"?!. Carbimazole reduces the production
of thyroid hormones T3 and T4 with subsequent increase
in TSH, which comes in agreement with previous
investigationst'®,

Besides, carbimazole was administered to the animals
through a stomach tube. This method was preferable to
mixing the drug with diet or with drinking water as the
dose could be accurately adjusted!”..

Several workers have suggested that thyroid hormones
are important in the maintenance of normal salivary gland
function and histology. Therefore, hypothyroidism can
cause alterations in the structure and secretory function of
the submandibular salivary gland!'®l.

In ourresearch, acinar and ductal cells of the hypothyroid
group (group II) showed early apoptotic changes with
pyknotic, irregular nuclei and chromatin condensation.
Missarranged dilated RER cisternae together with areas
of vacuolar degeneration were also recognized. These
data are in harmony with results obtained from previous
study which verified that hypothyroidism results in acinar
alterations showing nuclear apoptosis, dilatation of RER
and numerous cytoplasmic vacuolation in the parotid
gland™. One possible explanation documented that the
nucleus acquired irregular forms to increase the surface
area of contact with the cytoplasm as it is considered as
compensatory mechanism for reduced metabolic activity
due to apoptosis®”. However, Shubin et al. reported that
vacuolation may cause apoptosis or cell death®!. Another
study spotted that under electron microscope, vacuolations
were damaged organelles such as mitochondria and
lysosomes or could be autophagic vacuoles!!*?. Vacuolated
areas in the acinar cytoplasm could be also a result of
edema replacing degenerated cells, or may be due to fatty
degeneration??l. Meanwhile, previous study proved that
dilated and disrupted RER could be due to accumulation of
iso-osmotic fluid in the cells.

As well, TEM examination revealed apparent loss
of basal striations in the striated ducts of group II. The
mitochondria were markedly distended with massive
disruption of their cristae. This finding was parallel to that

described by Ayuob who reported that hypothyroidism
caused degeneration of salivary glands’ mitochondria
which appeared swollen with loss of cristae. It is
conceivable to suggest that mitochondrial damage could
be referred to the cytotoxic property of reactive oxygen
species (ROS) that attacks mitochondrial DNA, hence
impairing mitochondrial metabolism**l.

All of the previously documented degenerative
changes following carbimazole treatment were strongly
attributed to the free radical damaging effect resulting from
hypothyroidism®. It is well known that thyroid hormones
are important in regulating oxidative metabolism and
production of free radicals?®!. They also regulate the
synthesis and degradation of enzymes, like glutathione
peroxidase, glutathione reductase, superoxide dismutase
and catalase?’). Experimental studies were conducted
to show that low level of thyroid hormones may cause
lower metabolic rate and considerable production of free
radicals in many tissues. Moreover, the formation of ROS
accompanied by hypothyroidism may result in genetic
abnormalities and physiological alterations leading to cell
death and aging?®®.

MSCs were initially isolated from bone marrow.
Therefore, BM-MSCs have been the golden standard
in MSCs researches®®!. MSCs were chosen in this study
as they present low degree of immunogenicity, low
carcinogenicity following transplantation, have no ethical
problems, plus the ease of their collection®. They also
have chemotactic capability which direct them to the
damaged tissues®!. In addition, they can proliferate rapidly
in culture medium without loss of their differentiation
ability’®?. They also have relatively short culture time**.
Besides, BM-MSCs can easily isolated and divided into
multipotent mesenchymal stromal cells?4.

Intravenous injection of BM-MSCs had been used
in this study to trace the labeled BM-MSCs homing in
rats’ submandibular salivary glands. They circulate in
small amounts, then settle in tissues to allow for tissue
regeneration and repair®!. It was also found that injectable
mechanism avoids the risk of local invasive mechanism?*.

Labeling of BM-MSCs was done, in the herein study,
using PKH26 fluorescent dye. This material was selected
as it allows rapid labeling without changing proliferation
or functions of the cells*®.

In accordance to our research, three weeks after BM-
MSCs injection (group III) revealed well defined nuclear
membrane with homogenously distributed peripheral
chromatin. Well organized normally appearing RER and
mitochondria were constant features in both acinar and
ductal cells. Furthermore, few electron dense secretory
granules and few vacuolated areas were detected with no
disruption of cellular junctions.

Similarly, previous results reported that MSCs can
restore the acino-ductal architecture following induction of
hypothyroidism by their ability to differentiate into salivary
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parenchymal cellsP”). These data were also in agreement
with authors who injected BM-MSCs in irradiated mice
and rats. Their results revealed enhanced proliferation and
function in the submandibular salivary gland, together
with decreased apoptosis and increased vascularity™%3,
Recently, a study reported that systemic injection of BM-
MSCs following irradiation could restore 90-100% of
salivary flow in irradiated micel®. Another study showed
that intravenous transplantation of BM-MSCs rescued the
functional injury of irradiated submandibular glands of
micel*,

Collectively, the improvements detected in group III
could be clarified either by the anti-hypothyroid influence
of BM-MSCs, consequently inhibiting oxidative stresst*!,
or by homing of injected BM-MSCs in the submandibular
salivary glandst#*#,

Another possible explanation of these obtained data
proved the capability of BM-MSCs to inhibit apoptosis.
Previous study reported decreased apoptosis and increased
proliferation indices causing improvement in renal function
after MSCs transplantation in renal ischemia!. The anti-
apoptotic properties of MSCs could be due to the paracrine
effect of interleukin — 6 (IL-6) secreted by MSCs which
activates signaling pathways that mediate the production
of antiapoptotic genes*!. Adding BM-MSCs to damaged
salivary glands induced repair process by paracrine
enhancement, which allows recovery of the gland’s
morphology. The paracrine action such as the secretion
of anti-inflammatory, anti-apoptotic, proliferating and
differentiating promoting factors was found to enhance
tissue renewal in several diseases!®.

Also, it has been hypothesized that MSCs can save the
damaged tissue through direct cell communication with
the formation of intercellular nanotubes with surrounding
cells™®l1. Consequently, dual exchange of their mitochondria
occurs through the nanotubes. MSCs could save the
damaged tissue through the transport of their healthy
mitochondria. Though, the function of the mitochondria
transferred from damaged cells to MSCs is unidentified
and needs further investigations“l.

Based on the formerly mentioned data, it is conceivable
to conclude that BM-MSCs may have the potentiality to
ameliorate salivary glands damage of carbimazole induced
hypothyroidism. They are also capable to restore the
gland’s architecture by almost normal appearance of acini
and ducts following induction of hypothyroidism.
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