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Abstract

The current study was implemented to assess the therapeutic efficacy of bone marrow mesenchymal stem cells on parotid
glands following cytotoxicity induced by cisplatin administration in rats. The study employed a sample of 36 adult male Sprague-
Dawley rats. The samples were categorized into two groups. The control group (6 rats) received 0.5ml phosphate-buffered saline.
The experimental group was divided into two subgroups; subgroup (A), the cisplatin group, (15 rats) was administered a solitary
intraperitoneal injection of the cisplatin medication at 10 mg/kg. Subgroup (B) BMMSc group (15 rats) was administered the
same dose of cisplatin as subgroup A. On day three following cisplatin administration, 5x10°> BMMSCs suspended in 0.5 ml of
PBS were injected intraparotid. After cisplatin injection and BMMSc administration rats were sacrificed according to different
time intervals (7 and 21 days) for histological and ultrastructural analysis. The stem cell-treated group exhibited superior
histological and ultrastructural characteristics. This investigation proved that BMMSCs can improve the histological and

ultrastructural changes of parotid glands induced by cisplatin administration.
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1. Introduction

Cisplatin (cis-diammine dichloro-platinum I1 (CP))
is a chemotherapeutic drug that is highly effective and
extensively employed in the treatment of numerous head,
neck, and ovarian malignancies [1]. The mechanism by
which CP induces DNA damage is due to its capacity for
crosslinking with the purine bases on the DNA. Cisplatin
exerts additional cytotoxic effects on tumor cells via
mitochondrial ~ disruption, disrupted cellular transport
mechanisms, and diminished the activity of ATPase [2]. CP
exhibits potent chemotherapeutic properties; however, its
cytotoxicity and lack of selectivity towards cancer cells,
which also impacts healthy tissues, may result in undesirable
side effects [1]. Stem cell therapy is an effective treatment
for many clinical conditions. BMMSCs have been shown to
promote tissue regeneration in numerous organs, including
the kidneys [3] and ovaries [3,4], subsequent cisplatin-
induced cytotoxicity. Additionally, they demonstrated the
capacity to enhance the proliferation capability of damaged
cells across various tissues [5-7]. The potential mechanism
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for this involves the paracrine secretion of cytokines and
growth factors, such as hepatocyte growth factor (HGF),
interleukin-6 (IL-6), and vascular endothelial growth factor
(VEGF), as well as anti-apoptotic factors, including caspase-
3 [5]

2. Material and methods
2.1 Animals and experimental design

The animal handling and the application of the
procedure were carried out at the animals' house of
Veterinary Medicine Cairo University and approved by the
local ethical committee Ref. N0.592/1786. The animals
were caged individually with free access to water and food.
The present study was carried out on adult male Sprague
Dawley rats with an average age of around 2 months old,
and their weight measured 200-250 gm.

2.2 Animal grouping
The animals were divided randomly into two main
groups:-

6


mailto:Ahmedsaadabdelazizmostafa.209@azhar.edu.eg
http://www.iscientific.org/Journal.html

1JCBS, 24(9) (2023): 6-13

2.2.1 Group |
(Control group,6 rats) A parotid gland injection of
0.5 ml of PBS was administered to Group I.

2.2.2 Group 1l
Experimental Group, divided into two subgroups.

2.2.2.1 Subgroup (A)
The cisplatin group,15 rats) will receive a single
intraperitoneal injection of cisplatin drug (10 mg/kg) [8].

2.2.2.2 Subgroup (B)

(BMMSC group,15 rats) received the dose of
cisplatin used in subgroup A, then BMMSCs (5x10 ° cells)
[9] suspended in 0.5 ml of PBS were injected intra-parotid at
day 3 after cisplatin administration.
After 7 and 21 days from cisplatin administration and
BMMSC injection, the rats will be anesthetized, sacrified
and the parotid gland will be dissected out and prepared for:
- Haematoxylin and Eosin staining are routine stains.
-Transmission electron microscope examination, TEM was
carried out using JEOL JEM 1010 TEM at 70kv at the
regional center for mycology and Biotechnology (RCMB),
Alazhar University.

2.3 Isolation of bone marrow mesenchymal stem cells
BMMSCs were obtained from the long bones of
three adult experimental rats weighing between 100 and 150

g [10].

2.3.1 Image analysis

The images were analysed by mounting an
Olympus® digital camera on an Olympus® microscope
equipped with a 1/2 X photo adaptor and a 40 X objective to
digitize the slides. The obtained images were analyzed on a
computer powered by an Intel® Core 17® processor
employing Video Test Morphology® software (Russia). The
software included a dedicated built-in routine for area
measurements. Two slides were utilized per rat, and five
random fields were extracted from each slide to determine
intracytoplasmic vacuolation.

2.4 Statistical analysis

Following coding and tabulation, the data were
statistically analyzed. A one-way analysis of variance
(ANOVA) test was employed to compare the variables
across the categories.

3. Results
3.1 Histologic features
3.1.1 Group I: (control group)

The parotid salivary gland is composed of secretory
end pieces and a duct system. The acini were detected to
consist of pyramidal-shaped serous cells with round, deeply
basophilic nuclei. The intercalated ducts are difficult to
identify as they are compressed between the secretory units,
while the striated duct cells were tall columnar with basal
striation. All these structures are arranged in lobes and
lobules separated by connective tissue septa Fig (1).
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3.1.2 Subgroup (A): (cisplatin group)

3.1.2.1 Histologic features at 7 days

The lobes appeared apart from each other with large spaces
while the acini appeared vacuolated and shrunken. The
Striated duct cells showed loss of their cellular boundaries
and striations and their cytoplasm showed vacuolization and
degeneration Fig (2).

3.1.2.2 Histologic features at 21 days

The results revealed that the acini are completely
shrunken with ill distinct acinar boundaries and vacuolation
of the cytoplasm, while the striated ducts showed complete
loss of their architecture and cytoplasm showing
degeneration criteria Fig (3).

3.1.3 Subgroup (B):(BMMSC group)
3.1.3.1 Histologic features at 7 days

The specimen revealed that the normal structure
features of the gland were generally preserved as evidenced
by regular arrangement of secretory acini and ducts
However, some acini appeared with vacuolated cytoplasm.
Ducts showed columnar cells with basally situated nucleus
and ill distinct cell boundaries with vacuolated cytoplasm

fig (4).

3.1.3.2 Histologic features at 21 days

The spherical fashion of acini was preserved with
less vacuoles and distinct cell boundaries. Striated ducts
appear close to normal with basal striation and mitotic
division with open faced vesicular nucleus. Multiple patent
blood vessels were seen around the ducts. Fig. (5).

3.2 Electron microscopic investigations
3.2.1 Group I: (control group)

The secretory acinar cells appeared as pyramidal
shape structures. They connected with each other by cell-to-
cell junctions in the form of tight junctions, gap junctions
and desmosomes. The secretory units exhibited basally
located nuclei and a relatively homogenous apical and
supranuclear electron dense secretory granules embedded
with the cytoplasm, they have ahigh developed regularly
arranged RER and elongated mitochondria (Fig.6).

3.2.1.1 Subgroup(A): (cisplatin group)
3.2.1.1.1 Electron microscopic investigations at 7 days
Showing sever alterations in the form of atrophic,
fragmented and vacuolated acinar cells , also the cell
junctions become ill defined. The nucleus appeared rounded
in some cases and located basally, the cytoplasm appeared
loden with dense electron secretory granules which have
different size and density. RER showing deteroues changes
as they appear decreased in number with abnormal shape
and arrangement, also rounded and sometimes flat shaped
mitochondria was seen in the cytoplasm with decreased in
their number The ductal cells appear devoid from most of
cell organelles Fig (7).

3.2.1.1.2 Electron microscopic investigations at 21 days
Showing that the acini were atrophic with pyknotic
and shrunken nuclei, having different size and shape with
irregular nuclear membrane and multiple cytoplasmic
vacuoles. RER decreased in number and fragmented,
swollen and decrease number of mitochondria were
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observed. Different size and densities of electron dense
secretory granules were seen while some areas showing a
little or devoid of secretory granules Fig (8).

2.2.1.2 Subgroup (B): (BMMSC group)
2.2.1.2.1 Electron microscopic investigations at 7days
Showing the acinar cells appeared with some
alterations as indistinct cell junctions, some acinar cells
showing vacuolated cytoplasm. The RER appeared parallel
and regularly arranged in most of specimens forming a
network of saculles, while some specimen showing some
areas of fragmented RER. The nucleus showing normal
rounded shape, the cytoplasm contains electron dense
granules of different size and density. The mitochondria
appeared with different size with normal cisternae Fig (9).

2.2.1.2.2 Electron microscopic investigations at 21 days

The acinar cells appeared close to normal, the
secretory acinar cells appeared as pyramidal shape
structures, they connected with each other by cell-to-cell
junctions in the form of tight junctions, gap junctions and
desmosomes, the acinar cell cytoplasm contain all
organelles, the cytoplasm contains a great number of
different size and densities of electron dense secretory
vesicles. The nucleus appeared with normal shape and
surrounded by a well-arranged network of parallel RER, the
mitochondria were seen distributed throughout the
cytoplasm, the cytoplasm appeared devoid of cytoplasmic
vacuolations Fig. (10).

4. Discussion

Chemotherapy is a critical component in the
systemic management of salivary gland cancers, particularly
those affecting the parotid glands (approximately 80%),
accompanied by the submandibular and sublingual glands
[11]. Cisplatin is extensively utilized and regarded as a
highly effective chemotherapeutic agent for a variety of
head and neck and ovarian tumors [12]. Despite its potent
chemotherapeutic properties, Cisplatin may induce certain
negative effects due to its cytotoxic nature and inability to
selectively target cancer cells; it also impacts healthy tissues
[1]. Functional and morphological degradation of salivary
gland tissue may result from cisplatin treatment, which may
cause the following side effects: disrupted production of
saliva, swallowing dysfunctions, speech and taste
issues, oropharyngeal discomfort, and infections of the oral
cavity [13]. This research was conducted in order to
counteract the detrimental impacts of cisplatin on healthy
cells. Adult males of the Sprague-Dawley rats were selected
for the research due to their small size, cleanliness,
gentleness, ease of housing, handling, and rapid growth
[14]. After 7 days, the histological and ultrastructural
findings in the cisplatin group indicated that the acini were
entirely diminished, exhibiting significant interlobular
spaces. These findings were found to be coincidental with
the research conducted by Shaymaa M. et al., who stated
that the cisplatin group exhibited noticeable reductions in
the size of glandular lobules and serous acini, along with
interstitial oedema and numerous cytoplasmic vacuoles [15].
The current work revealed the presence of intra-cytoplasmic
vacuoles ranging from small to large vacuoles; this work is
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coincidental with Conklin KA., who postulated that this
vacuolation attributed to the released free radicals from
cisplatin causes damage to several cellular components [16].
Moreover, Terzi et al. stated that vacuoles may be a result of
intensified acinus cell degeneration and apoptosis triggered
by cisplatin administration [17].

The current findings revealed that most nuclei
exhibited indications of degeneration. This observation was
explained by J. Levi that the mechanism of action of
cisplatin, which is activated upon entry into the cell
and relocated by water molecules that replace the chloride
atoms on cisplatin. The resulting hydrolyzed product may
subsequently interact with any nitrogen donor atom on the
nucleic acid, resulting in DNA damage, inhibition of cell
division, and non-selective apoptosis that impacts both
tumor and normal cells [18]. In addition, this may shed light
on the observed alternations in the nucleus, such as
fragmented and degenerated nuclei, as well as those with an
irregular nuclear membrane and variations in size and shape.
The present investigation conducted in the cisplatin group
observed enlarged mitochondria that diminished or
disappeared after 21 days. This finding is consistent with the
research of J. Levi, who reported that the maximum
concentration of cisplatin was detected in the mitochondria
(37%) following cisplatin application [18]. The presence of
lysosome engulfing secretory granules, mitochondria, and
other organelles agreed with the study by Kitashima, who
found lysosome-like bodies on the 5 days of CDDP
infusion, and their number increased during the study. He
demonstrated that auto phagocytosis in acinar cells is the
first step toward recovery through digestion of cellular
contents damaged by CDDP [19]. The present study
observed numerous macrophages interspersed among
atrophied, degenerated acini in the cisplatin group.
Macrophages are crucial regulators of the local
inflammatory environment [20] and are involved in
the regeneration of tissue and inflammation [21]. The
outcomes proved striated and excretory duct dilation
accompanied by secretion stagnation. These results align
with those of Eman Hany et al., who reported similar results.
This may be attributed to the pathological impact of
chemotherapy on myoepithelial cells, which embracing the
EDs and prevent the secretion from being expelled into the
oral cavity [22].

In contrast to the cisplatin group, the BMMSCs
group exhibited superior histological outcomes, as
evidenced by a discernible reduction in acinar vacuolation
and nuclear degeneration. The therapeutic impact of
BMMSC is demonstrated by the absence of vacuoles in
serous acini, intercalated, striated, and excretory ducts, the
presence of open-faced nuclei, mitotic division, numerous
mitochondria, and a well-organized RER, in comparison to
the other group. Following seven days, the lobules exhibited
acini with typical features and an open-faced vesicular
nucleus. These outcomes agreed with those of Tran et al.,
who introduced BMSCs into the tail veins of rats with
irradiated submandibular glands. Furthermore, Tran et al.
identified improved functioning of the submandibular
glands, elevated proliferation, diminished apoptosis, and
enhanced vascularity [23].



1JCBS, 24(9) (2023): 6-13

Figure 1: The parotid salivary gland of a rat from the control group reflected normal serous acini with deep eosinophilic
cytoplasm and deep basophilic nucleus. At the same time, some collecting ducts lie among serous acini (H&E, X400).

Figure 2: cisplatin group at 7 days showing a- necrosis between atrophied acini(blue) b-atrophied striated duct with
degenerated cytoplasm (yellow) c- acinar vacuoles(red) (H&E, X 400).

Figure 3: cisplatin group at 21 showing a- striated duct with vacuolation and degeneration(red) b- nuclear karyolysis
(green) c-acinar vacuolation (blue) d- macrophage(black) (H&E, X 400).

Figure 4: stem cell group at 7 days showing a striated duct with some vacuoles(yellow) b- mitotic figures(blue) c-
vacuolated acini (black) (H&E, X400).

Figure 5: stem cell group at 21 days showing a- new blood vessels around ducts(yellow) b- striated duct with apparent
basal striation(blue) and open-faced nuclei (black) (H&E, X400)
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Figure 6: Electron micrographs of parotid glands of control group showing the nucleus (N), cisternae of RER,
mitochondria(M), tight junction (T) and electron dense decretory granules (S) (X15000).

Figure 7: Electron micrographs of parotid glands of cisplatin group at 7 days showing a- dilated and fragmented RER b-
few secretory granules (s) c- flat shaped mitochondria(M) (X15000).

Figure 8: Electron micrographs of parotid glands of cisplatin group at 21 days showing a- coiled RER b-vacuolated
cytoplasm (V) c- secretory granules with different size(S) (X15000).

Figure 9: Electron micrographs of parotid glands of stem cell group at 7 days showing a-rounded nucleus b- well-
arranged RER (red)and fragmented in some areas (blue) c-indistinct cell junctions(black)d-vacuolation (v)(X8000).

Figure 10: Electron micrographs of parotid glands of stem cell at 21 days showing a- nucleus b- RER c- mitochondria d-
lumen contain secretory secretion (blue) e-cell junction (T, G, D) f- secretory granules (X10000).
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Table 1: Comparison between Cisplatin, stem cell and control group regarding the percentage of area of intracytoplasmic
vacuolations due to glands atrophy at 7 and 21 days.

% area of intracytoplasmic vacuolations|Cisplatin group |Stem cell group |Control group Test value
due to glands atrophy No. = 120 No. = 120 No. = 120 -value [ig.
2268 +
Day 7 Mean + SD 193 9.51+0.97 4.47 £ 0.64 6264.018 0oL ‘
Range 17-28.5|7.1-11.8 2.6 -6.4 '
28.05 +
Day 21 Mean + SD 3.04 7.2+0.77 4.47 £ 0.64 4479.008 0oL ‘
Range 21.2 -36(5.5-9.3 2.6 6.4 '
Post Hoc analysis
P1 P2 P3
Day 7 <0.01 <0.01 <0.01
Day 21 <0.01 <0.01 <0.01
Non-significant (P-value > 0.05); Significant (P-value < 0.05); Highly significant (P-value < 0.01).
P1: Cisplatin Vs stem cell; P2: Cisplatin Vs control; P3: stem cell Vs control
OCisplatin group @Stem cell group @ Control group
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Figure 11: Comparison between Cisplatin, stem cell and control group regarding the percentage of area of
intracytoplasmic vacuolations due to glands atrophy at 7 and 21 days.
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Previous investigations examined the impact of
local BMSC transplantation into the submandibular glands
of irradiated mice and revealed that acinar cells and gland
morphologies remained intact while gland functions, such as
salivary flow rate and glandular weight, increased [24-25].
Wang et al., [26] observed no disparity in apoptosis and
cellular proliferation between the Stem Cells group and the
irradiated group, which contradicts our findings. In their
research, 2x10° SCs/rat were administered intra-glandularly,
whereas utilized 5x10° SCs/rat in the present investigation.
A possible explanation for this discrepancy in findings
is variations in the number of stem cells utilized in each
investigation. The current work revealed improvement in the
stem cell group after 21 days, as evidenced by fewer
vacuoles and more distinct cell boundaries; the striated duct
appeared normal, with basal striation and numerous patent
blood vessels surrounding it. Coincidental with the findings
of Lombaert et al., our results indicate that transplanted
BMMCs can colonise injured SGs and stimulate repair
processes via paracrine signalling, thereby enhancing
glandular function and morphogenesis [27]. The observed
decrease in apoptosis and a rise in microvessel density in the
group treated with BMMSCs are likely attributable to the
paracrine effects of BMMSC.

The results of this study align with a prior report
that documented the enhanced regenerative tissue
capabilities of SGs transplanted with BMMCs, including the
formation of blood vessels and proliferation of cells [24]. In
a murine hind-limb ischemia model, You et al. found that
BMMSC treatment stimulated vasodilation, implying that
the proangiogenic activity of MSCs might depend on their
ability to modulate the function of pre-existing vessels [28].

5. Conclusion

The potential of BMMSc as a therapeutic
intervention for cisplatin-induced cytotoxicity in the parotid
gland of rats is worth considering. Additionally, BMMSc
has been observed to augment the proliferative capacity and
repair potential of parotid gland cells subsequent to cisplatin
injection.
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