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Background: Adipose tissue-derived mesenchymal stem cells (AD-MSCs) were
proved to differentiate into insulin-producing cells (IPCs), but the amount of
insulin secreted was relatively low compared to the insulin secreted by mature
pancreatic islets. Enrichment of MSCs culture with melatonin (MT) was found
to promote cartilage matrix synthesis, osteogenic and neuronal differentiation.
Therefore, the present study was conducted to evaluate the potential role of MT
pre-treated AD-MSCs in enhancing the treatment and regeneration of the islet
cells of Langerhans in rats with diabetes induced by streptozotocin (STZ).
Materials and methods: Forty adult male Sprague Dawley albino rats were di-
vided equally into groups, group I (control group), group Il (STZ group), group i
(STZ + AD-MSCs) and group IV (STZ+MT pre-treated AD-MSCs). Biochemical
studies were implemented including measurements of the body weight, fasting
blood glucose and serum insulin levels, Interleukin 17 (IL-17) and IL-10. Samples
of the pancreas were taken and prepared for light, fluorescent microscopic ex-
amination, proliferating cell nuclear antigen and caspase-3 immunohistochemical
studies and histomorphometric analysis.

Results: The present study confirmed the regenerative and therapeutic effects
of AD-MSCs on the pancreatic cells. Concomitant supply of MT to the culture of
AD-MSCs, in group IV, was shown to retain the normal architecture of the islet
cells of Langerhans. They appeared well-defined and lightly stained, surrounded by
classical pancreatic acini and contained a large number of islet cells with vesicular
nuclei and prominent nucleoli. Improvement of all the biochemical parameters, in
the same group, was demonstrated by increased body weight and serum insulin
levels with a decrease in the fasting blood glucose levels. Significant decrease in the
pro-inflammatory cytokine, Il-17 and increase in the anti-inflammatory cytokine;
IL-10, compared to the STZ group, were also discovered. Significant increase in
the proliferating cell nuclear antigen proliferation index, decrease in caspase-3
and increase in PKH26 labelled MSCs area per cent was recorded in the group
of AD-MSCs enriched with MT compared to the group of AD-MSCs without MT.
Conclusions: The present study confirmed the potential therapeutic and protective
role of MT pre-treated AD-MSCs against the STZ-induced pancreatic islet cells’
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damage. Further studies are recommended to investigate the efficacy of MT and
AD-MSCs over longer experimental durations. (Folia Morphol 2022; 81, 4: 931-941)

Key words: melatonin, adipose tissue-derived mesenchymal stem cells,
islets of Langerhans, diabetes; interleukin 17, interleukin 10

INTRODUCTION

Remarkable advancement has been achieved
concerning the generation of functional pancreat-
ic B-cells from the mesenchymal stem cells (MSCs).
Recently, marked efforts have been accomplished to
generate single hormone-positive B-cells capable of
glucose-stimulated insulin secretion (GSIS). These
achievements were focused on generating fully func-
tional B and islet cells that could soon replace the
human islets as a source of insulin-producing cells
(IPCs) [18]. Obtaining MSCs faces practical limita-
tions, concerning the difficulty and invasiveness of
the process. The difficulty of isolating the samples and
the potential adverse effects of harvesting the cells
from the donor must be considered. Isolating them
from bone marrow, for instance, can result in pain,
bleeding or infection, thus making harvesting MSCs
from this source more problematic than harvesting
them from peripheral blood or surgical remnants such
as adipose tissue [3].

Moshtagh et al. [14] used adipose tissue-derived
mesenchymal stem cells (AD-MSCs) to produce IPCs.
The resultant cells stained positive for dithizone and
produced insulin when transplanted into streptozo-
tocin (STZ)-induced diabetic mice, but the amount of
insulin secreted was relatively low compared to the
insulin secreted by mature pancreatic islets. Karaoz
et al. [11] demonstrated that AD-MSCs differentiated
into IPCs after 38 days’ co-culture with islet cells.
Insulin and C-peptide production were confirmed by
enzyme-linked immunosorbent assay (ELISA) and im-
munostaining. After co-transplantation of IPCs and is-
let cells under the kidney capsule, the hyperglycaemic
state was normalised in diabetic rats. Moreover, it was
revealed that the combination of differentiated AD-
MSCs and islet cells resulted in better recovery from
diabetes compared to islets transplanted alone or
co-transplantation of islets with differentiated bone
marrow (BM)-MSCs [8]. Thakkar et al. [21] showed
that AD-MSCs displayed the ability to lessen the hy-
perglycaemia in diabetic patients. Human AD-MSCs
were proved to differentiate into IPCs, confirmed
by the expression of immunofluorescent pancreatic
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markers, such as paired box protein (Pax6), pancreatic
duodenal homeobox-1 (PDX-1), insulin gene enhanc-
er-1 (ISL-1) and insulin promoter factor-1 (Ipf-1). The
resultant IPCs were injected into the portal circulation
resulting in significant improvement in the plasma
glucose and glycated haemoglobin (HbA1c) levels,
augmented C-peptide levels and decreased exoge-
nous insulin requirement.

Melatonin (MT) or N-acetyl-5-methoxytryptamine
is the prime hormone secreted by the pineal gland
[19]. Enrichment of MSCs culture with MT was found
to enhance cartilage matrix synthesis as well as the
expression of chondrogenic differentiation markers of
human mesenchymal stem cells (hMSCs) [17]. It also
improved the osteogenic differentiation of hMSCs,
shown by an increase in the expression of alkaline
phosphatases, osteocalcin, osteopontin and bone sia-
loprotein in hMSCs cultures [12]. MT also promoted
neuronal differentiation of MSCs and stimulated neural
stem cells to differentiate into dopaminergic neurons
in rats [10]. On the other hand, MT was reported to
inhibit adipogenesis and adipogenic differentiation of
MSCs [2]. Hu and Li [9] demonstrated that the excessive
reactive oxygen species (ROS) in MSCs cultures in vitro
and the injured microenvironment in vivo significantly
reduce the therapeutic effects of MSCs. They added
that MT downregulated the expression of ROS gen-
erating genes, reduced the release of inflammatory
cytokines, enhanced the proliferation capacity of MSCs
and significantly reduced the apoptosis of MSCs in vitro
and in vivo. Therefore, the aim of the present study
was to determine the potential role of MT pre-treated
AD-MSCs in promoting the regeneration of islets of
Langerhans in diabetic rats induced by STZ.

MATERIALS AND METHODS

Isolation, propagation and identification of MSCs

Abdominal adipose tissue was taken from
Sprague Dawley albino rats after sacrificing. Ex-
tracellular matrix was digested with 0.075% type
| collagenase (37°C and 5% CO, for 30 min) and
centrifuged at 500 g for 5 min; then the pellet was
cultured in high glucose Dulbecco’s modified Eagle’s
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Figure 1. Flow cytometry for adipose tissue stem cells showing culture of differentiation (CD). CD 90 and CD 105 were positive and CD 34

and CD 45 were negative.

medium (DMEM, GIBCO) containing 10% foetal bo-
vine serum (FBS, GIBCO), 2 mM L-glutamine, penicil-
lin, and streptomycin (all from Invitrogen) as MSCs
culture media and incubated at 37°C in 5% CO,.
After 48 hours, non-adherent cells were removed
and fresh media were added. When adherent cells
were confluent, they were trypsinized, harvested,
and expanded. All the experiments were performed
using AD-MSCs at passage 3. Cells were identified
by their morphology, adherence, and the surface
markers of MSCs. They were positive for CD 34, 45,
90 and 105 and could differentiate into osteocytes
and chondrocytes (Fig. 1).

Labelling of MSCs with PKH26 and pre-treatment
with MT

Undifferentiated MSCs were labelled with PKH26,
a red fluorochrome, according to the manufacturer’s
recommendations (Sigma, Saint Louis, Missouri, USA).
MT was obtained as vial from (Sigma-Aldrich Chemical
Company, St. Louis, MO, USA). One mL of MT was
added to 40 mL of ethyl alcohol; the mixture was
shaken for 3 min then 960 mL of saline were added.
AD-MSCs were subjected to a 24-hours pre-treatment
with 5 uL of MT which is equivalent to 1 mL of the
mixture, then washed three times with phosphate
buffer saline (PBS) (Sigma, USA) for complete removal
of the hormone from the cell suspension.
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Experimental animals

A total of 40 adult male Sprague Dawley albino
rats, weighing 150-200 g, were used in the current
work. Rats were obtained from the animal house of
faculty of medicine, Cairo University and maintained
according to the standard guidelines of the Institu-
tional Animal Care and Use Committee and after the
Institutional Review Board approval. The experiment
proposal was approved by the Ethics Committee, Fac-
ulty of Medicine, Cairo University. Rats were allowed
to acclimatize for 2 weeks before the experiment.
They were housed in cages under normal light/dark
periods and fed a standard food and water ad libitum.

Experimental design

The experimental rats were divided into the fol-
lowing groups:
— Group | (Control, n = 10): the rats received
a single intraperitoneal injection of 1 mL of Na-
-Citrate solution and a single intravenous injection
of 0.5 mL PBS into the tail vein;
Group Il (STZ group, n = 10): rats were fasted
for 4 hours. A single dose of 1 mL STZ-Na-Citrate
solution, equivalent to 50 mg/kg bodyweight STZ
(Sigma-Aldrich Chemical Company, St. Louis, Mis-
souri, USA) was injected intraperitoneally. Three
days after the injection, the rats were tested for
hyperglycaemia. They were diagnosed diabetic
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when random blood glucose level was higher

than 220 mg/dL;

Group lll (STZ + AD-MSCs, n = 10): induction

of diabetes was performed as in group Il. The

rats then received a single intravenous injection
of AD-MSCs (1x10°) diluted in 0.5 mL of PBS into
the tail vein;

Group IV (STZ + MT pre-treated AD-MSCs,

n = 10): induction of diabetes was performed

as in group Il. The rats then received a single

intravenous injection of MT pre-treated AD-MSCs

(1 x 10°) diluted in 0.5 mL of PBS into the tail vein.

The health status of the stem cells treated rats was

stable. On the other hand, diabetic rats were wors-

ening overtime but there was no mortality among
all groups, especially untreated diabetic rats and this
was probably due to the shortness of the time of the
study. Blood samples were collected by retro-orbital
plexus technique using capillary glass tubes. Random
blood glucose levels were detected using a glucom-
eter (ACON Laboratories, Inc., USA). Blood glucose
was measured 3 days following STZ injection and at
the end of the study on the 28" day. Enzyme-Linked

Immunosorbent Assay (ELISA) study was implement-

ed to detect the levels of the following:

— Fasting serum insulin level: it was determined
using the Ultra-Sensitive Mouse Insulin ELISA Kit
(Crystal Chem);

— Interleukin 17 (IL-17): it is a pro-inflammatory

(promoting inflammation) cytokine produced by

T-helper 17 lymphocytes. It was detected using

ELISA kit (Rat IL-17A Platinum ELISA; eBioscience,

Inc.) following the manufacturer’s protocols. De-

tection limit was 1 pg/mL;

Interleukin 10 (IL-10): it is a cytokine with potent

anti-inflammatory properties produced primarily

by monocytes and to lesser extent by lympho-
cytes. IL-10 plays a central role in limiting the
host immune response to injury. It was detected
using Mouse IL-10 ELIZA Kit (Catalogue M1000,

R&D Systems, Minneapolis, MN), according to

the manufacturer’s instructions. Detection limit

was 4 pg/mL.

At the 28" day, the animals were weighted and

sacrificed by overdose of pentobarbital; 40 mg/kg

body weight intraperitoneally. Dissection and excision
of the pancreas were done. Half of each pancreatic
specimen of each rat was fixed in 10% formaldehyde
in PBS at 4°C and was processed for paraffin blocks.
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Paraffin sections of 5 microns were stained with hae-
matoxylin and eosin stain for routine histological
examination.

Immunohistochemical study

Paraffin sections were blocked with 1.5% normal
rat serum in PBS. Then the sections were incubated
for 45 min. at room temperature and then incubated
with the following primary antibodies for 30 minutes:
— proliferating cell nuclear antigen (PCNA): a cofac-
tor of DNA polymerase-8 needed for DNA repli-
cation, DNA repair and chromatin remodelling.
Positive reactions, indicating nuclear regeneration,
were detected by rabbit polyclonal IgG (SC-7907,
200 ug/mL, dilution 1:50, Santa Cruz Biotechnol-
ogy, USA);
caspase-3 antibody: caspase-3 is a fundamental
mediator of apoptosis; programmed cell death.
It was detected using anti-caspase-3 mouse mon-
oclonal primary antibody (Dako Company, Cai-
ro, Egypt. Catalogue No. IMG-144A at a dilution
1/200). The slides were rinsed in PBS (3 times,
2 min each), incubated with two drops of bi-
otinylated secondary antibody for each section,
for 20 min, then rinsed with PBS. Two drops of
substrate chromogen (DAB) mixture was applied
for 5 min then rinsed with distilled water. Slides
were counterstained with haematoxylin, then de-
hydrated and mounted.

Fluorescent microscopic study

Pancreatic sections were dipped in xylol solution to
be examined unstained using Olympus 1X81 Fluores-
cence Motorized Phase Contrast Microscope Unit8 to
detect the PKH26-labelled AD-MSCs. They appeared
as orange to red spots in the pancreatic tissue.

Histomorphometric study

The slides prepared for immunohistochem-
ical studies (caspase-3 and PCNA) were assessed
guantitatively. Ten non-overlapping microscop-
ic fields were picked randomly from each slide at
a magnification power of X400 and examined
using “Leica Qwin 500 C” image analyser com-
puter Ltd. (Cambridge England) within the stand-
ard measuring frame of a known area equal to
11694 um?. The area per cent of caspase-3 reactions,
in the cytoplasm of the cells of islets of Langerhans,
was measured. PCNA proliferation index was calcu-
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Table 1. Mean = standard deviation of the body weight, fasting blood glucose, fasting serum insulin among the studied groups

Group | (Control)  Group Il (STZ)  Group lll (STZ + AD-MSCs)  Group IV (STZ + MT + AD-MSCs)
Body weight [g] 21001 =1 84 = 10° 1345 = 18.7* 176.0 + 14.2%°
Fasting blood glucose [mg/dL] 100 = 7.7 294 + 20° 170.4 + 4.56® 135.9 + 2.29%¢
Fasting serum insulin [ulU/mL] 293 +0.23 1.06 = 0.10° 1.70 = 0.10%® 2.59 + 0.09*
IL-17 [pg/ml] 23317 162.2 + 7.54° 93.4 = 5.96® 50.9 + 8.26%°
IL-10 [pg/mL] 1306 = 2.34 46.3 = 2.25° 88.2 + 5.88® 111.7 £ 9.29%°

ssignificant to group I; "significant to group II; *significant to group Il (p < 0.05); IL — interleukin; STZ — streptozotocin; AD-MSCs — adipose tissue-derived mesenchymal stem cells;

MT — melatonin

lated as the percentage of PCNA positively labelled
nuclei to the total number of nuclei per field in the
islets of Langerhans cells and the area per cent of
PKH26 labelled AD-MSCs and MT pre-treated AD-
-MSCs were measured in groups lll and IV.

Statistical study

The data of the present study were tabulated and
statistically analysed using an IBM personal computer
with Statistical Package of Social Science (SPSS) ver-
sion 22 (SPSS, Inc., Chicago, lllinois, USA). Quantita-
tive data were presented in the form of mean (x) and
standard deviation (SD). ANOVA test of significance
was used for comparison between groups having
quantitative variables. P value of < 0.05 was consid-
ered statistically significant.

RESULTS

Biochemical results

Group 11 (STZ) showed significant statistical decrease
in the mean body weight and fasting serum insulin com-
pared to group | (Control) at the 28 day. A significant
statistical decrease in both parameters in groups IlI
(STZ + AD-MSGCs) and IV (STZ + MT + AD-MSCs)
compared to group | (Control) was detected with
a significant statistical increase in both groups
(Il and IV) compared to group Il (STZ). In addition,
a significant statistical increase was found in the
body weight and fasting serum insulin in group IV
(STZ + MT + AD-MSCs) compared to group Il (STZ +
AD-MSCs) (p < 0.05) (Table 1). Concerning the mean
fasting blood glucose level, a significant statistical
increase was shown in groups Il (STZ), lll (STZ+AD-
-MSGCs) and IV (STZ + MT + AD-MSCs) compared
to group | (Control). While a significant statistical
decrease was revealed in groups 1l (STZ + AD-MSCs)
and IV (STZ + MT + AD-MSCs) compared to group Il
(STZ) which was significantly decreased in group IV
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(STZ + MT + AD-MSCs) more than group Ill (STZ +
AD-MSGs) (p < 0.05) (Table 1).

Regarding the IL-17, groups Il (STZ), lll, (STZ +
AD-MSCs) and IV (STZ + MT + AD-MSCs) showed
a significant statistical increase compared to group |
(Control). There was a significant statistical decrease
in groups Il (STZ + AD-MSCs) and IV (STZ + MT +
AD-MSCs) compared to group Il (STZ) which also
was significantly decreased in group IV (STZ + MT
+ AD-MSCs) more than group lll (STZ + AD-MSCs).
IL-10 cytokine was found significantly decreased in
groups I (STZ), lll (STZ + AD-MSCs) and IV (STZ + MT
+ AD-MSCs) compared to group | (Control). There
was a significant statistical increase in groups Il (STZ
+ AD-MSCs) and IV (STZ + MT + AD-MSCs) com-
pared to group Il (STZ) which also was significantly
increased in group IV (STZ + MT + AD-MSCs) more
than group Il (STZ + AD-MSCs) (p < 0.05) (Table 1).

Haematoxylin and eosin study

The pancreatic specimens of the rats of group |
(Control group) revealed normal pancreatic histo-
logical architecture. Well-defined and lightly stained
islets of Langerhans were surrounded by classical
pancreatic acini. Islets of Langerhans contained
a large number of islet cells with vesicular nuclei and
prominent nucleoli (Fig. 2A, B). The specimens of
the experimental rats of group Il (STZ treated group)
showed ill-defined shrunken islets of Langerhans
containing fewer islet cells with intracytoplasmic
vacuolations and surrounded by distorted acini and
interacinar dilated blood capillaries. Empty spaces
appeared in the islets denoting necrosis and complete
cellular loss (Fig. 2C, D).

The pancreatic specimens of the rats of group IlI
(STZ + AD-MSCs treated group) showed some im-
provement in the islets of Langerhans with a larger
number of islet cells. The islets were surrounded by
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Figure 2. Photomicrographs of the pancreatic specimens of the rats; A, B. Group | (Control) showing well-defined lightly stained islets of
Langerhans (I) with regular outline containing a large number of islet cells with vesicular nuclei and prominent nucleoli (arrows). The islets are
surrounded by many pancreatic acini (A) having regular outline; G, D. Group Il (STZ) showing ill-defined and shrunken islets of Langerhans (1)
containing a fewer islet cells and surrounded by distorted acini (A). Some islet cells show intracytoplasmic vacuolations (v). Some interacinar
blood capillaries (C) appear dilated. Some islet cells appear normal (arrows), some others show necrosis (N). The islets show many empty
spaces (asterisk); haematoxylin and eosin, A, C x400; B, D x1000).

many regular pancreatic acini. Few islet cells revealed
pyknotic nuclei and multiple empty spaces (Fig. 3A, B).
Group IV (STZ + MT treated AD-MSCs group) showed
well-defined lightly stained islets of Langerhans, with
a larger number of islet cells compared to group I
(STZ treated group). The islets were surrounded by
regular pancreatic acini (Fig. 3C, D).

Immunohistochemical study

Positive PCNA immune reaction, in the form of
brown nuclei, appeared in the islet cells of group I;
the control group. However, very few islet cells of
group Il (STZ) exhibited PCNA reaction. Group Il
(STZ + AD-MSCs) revealed a moderate number of
islet cells with positive PCNA reaction. Group IV
(STZ + MT treated AD-MSCs) showed a larger number
of brown nuclei (Fig. 4A-D). A negative caspase-3
reaction was found in the control group. Marked
positive caspase-3 reaction in the form of brown
discoloration of the cellular cytoplasm was detected
in the islet cells of group Il (STZ). A moderate posi-
tive reaction appeared in group Ill (STZ + AD-MSCs)
and few positive reactions were found in group IV
(STZ + MT treated AD-MSCs) (Fig. 5A-D).
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Fluorescent microscopic study

Homing and proliferation of the PKH26 labelled
masses of AD-MSCs appeared in the pancreatic spec-
imens of the rats of group Il (STZ + AD-MSCs) and
group IV (STZ + MT treated AD-MSCs) (Fig. 6A, B).

Histomorphometric study

The area per cent of caspase-3 immuno-expres-
sion was significantly increased in groups Il (STZ)
and lll (STZ+AD-MSCs) compared to the control
group, but was non-significant in group IV (STZ +
MT + AD-MSCs) compared to the control group.
While, a significant statistical decrease in the area
percent in groups lll and IV was detected, compared
to group Il (STZ) with a more significant decrease
in group IV (STZ + MT + AD-MSCs) than group lll
(STZ + AD-MSCs) (p < 0.05) (Table 2). Group I
(STZ) showed a significant statistical decrease in
the PCNA proliferation index compared to group |
(Control). However, a significant statistical increase
in the index in groups Il and 1V; (STZ + AD-MSCs)
and (STZ + MT + AD-MSCs) was detected compared
to the control group (group 1) and group Il (STZ)
with a more significant increase in group IV (STZ
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Figure 3. Photomicrographs of the pancreatic specimens of the rats; A, B. Group Il (STZ 4+ AD-MSCs) showing islets of Langerhans (I)
containing a larger number of islets cells (arrows). The islet is surrounded by many pancreatic acini (A) showing regular outline. Few islets
cells show pyknotic nuclei (P). The islet shows multiple empty spaces (asterisk); C, D. Group IV (STZ + MT treated AD-MSCs) showing
well-defined and lightly stained islets of Langerhans () containing a huge number of islets cells (arrows). The islets are surrounded by many
pancreatic acini (A) showing regular outline. A pancreatic duct (D) shows regular outline with regular epithelial lining; haematoxylin and eosin,
A, C x400; B, D x1000.
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Figure 4. Photomicrographs of the islets of Langerhans (1); A. Group | (Control) showing the islet cells having brown nuclei with positive pro-
liferating cell nuclear antigen (PCNA) reaction (arrows); B. Group Il (STZ) showing very few islet cells exhibiting PCNA reaction; C. Group IlI
(STZ + AD-MSCs) showing moderate number of islet cells having brown nuclei (arrows); D. Group IV (STZ + MT treated AD-MSCs) showing
larger number of brown nuclei (arrows); PCNA %< 400.
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Figure 5. Photomicrographs of the islet of Langerhans (I); A. Group | (Control) showing the islet cells with negative caspase-3 reaction in
their cytoplasm; B. Group Il (STZ) showing the islet cells with marked positive caspase-3 reaction in the form of brown discolouration of their
cytoplasm; C. Group lll (STZ + AD-MSCs) showing the islet cells with moderate positive caspase-3 reaction; D. Group IV (STZ + MT treated

AD-MSCs) showing few positive caspase-3 reaction the islet cells; caspase-3 x400.

Figure 6. Photomicrographs of the pancreatic specimens of the rats; A. Group Ill (STZ+AD-MSCs); B. Group IV (STZ + MT treated AD-MSCs)
that show homing and proliferation of the PKH26-labelled masses of AD-MSCs inside the pancreatic lobules and interlobular regions;

PKH26 x100.

Table 2. Mean = standard deviation of the area per cent of caspase-3 immuno-expression, PKH26 labelled adipose tissue-derived
mesenchymal stem cells (AD-MSCs) and proliferating cell nuclear antigen (PCNA) proliferation index among the studied groups

Group | (Control)  Group Il (STZ)  Group Ill (STZ + AD-MSCs)

Group IV (STZ + MT + AD-MSCs)

Caspase-3 0.02 + 0.02 55.24 + 12° 16.5 + 1.47%
PCNA index 10 + 1.65 0.02 = 0.01? 41.4 = 259*
PKH26 — — 26.6 + 9.02

1.04 + 097>
78.1 + 3.25%
7131 +£7.28°

ssignificant to group I; ®significant to group II; °significant to group Ill (p < 0.05); MT — melatonin; STZ — streptozotocin
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+ MT + AD-MSCs) compared to group Ill (STZ +
AD-MSCs) (p < 0.05) (Table 2). Group IV (STZ +
MT 4+ AD-MSCs) revealed a significant statistical
increase in the area per cent of PKH26 labelled
MSCs compared to group lll (STZ + AD-MSCs)
(p < 0.05) (Table 2).

DISCUSSION

Mesenchymal stem cells represent a promising
tool in the treatment of diabetes mellitus (DM) and
they were applied successfully for this purpose. The
present work was carried out to throw more light on
the effects of AD-MSCs on the islets of Langerhans
in STZ-induced diabetic rats as well as the possible
enhancing role of adding MT. In the current work,
AD-MSCs-treated groups revealed improvement of
STZ-induced damage of the pancreas indicating a po-
tential regenerative role of MSCs. These findings are
consistent with previous studies that demonstrated
low blood glucose levels, increased serum insulin and
resuming the rats’ body weight [1]. Several studies
have demonstrated the mechanisms by which MSCs
could improve STZ-induced islet cells damage. Accord-
ing to Ullah et al. [22], the initial step in MSCs strategy
is the “homing” phenomenon. They found that the
systemically administered MSCs migrated to the site
of injury, attributing it to the chemo-attraction medi-
ated by cell surface receptors such as the chemokine
receptors. The role of the cytoskeleton receptors, such
as integrin and selectin has been also suggested by
Nawaz et al. [15] to mediate MSCs and endothelial
interaction, facilitating the MSCs entry to the site
of injury. Teo et al. [20] added that the vascular cell
adhesion molecule-1 (VCAM-1) and G-protein-cou-
pled receptor signalling contributed to the process
of homing. The homing phenomenon of MSCs was
demonstrated in the present work by the significant
increase in the area percent of PKH-labelled MSCs
in the pancreatic lobules and interlobular regions,
especially in group IV (STZ + MT pretreated AD-
-MSGs). Another suggested mechanism of the MSCs
promising role is their differentiation into p-cells of
islets of Langerhans [16]. Chandra et al. [5], reported
that AD-MSCs could differentiate into IPCs in STZ-in-
duced diabetes enhancing their treatment. Volarevic
et al. [23] suggested another mechanism of MSCs in
improving STZ induced diabetes which is the ability of
MSCs to promote the regeneration and proliferation
of endogenous injured pancreatic cells even if they
did not home in the islets of Langerhans through
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the production of a variety of cytokines and growth
factors. Zang et al. [25] reported that MSCs create
a microenvironment that allows endogenous islets
cells to proliferate and regain their normal func-
tion. They suggested a number of factors, such as
the vascular endothelial growth factor (VEGF)-alpha,
insulin-like growth factor (IGF)-1, platelet-derived
growth factor (PDGF) and angiopoietin-1, to play an
essential role in the process of islet cells regeneration.
In the present work, the significant increase of PCNA
proliferation index in the islet cells together with the
significant increase of the anti-inflammatory marker;
IL-10 could support the mechanism of the regenera-
tive effect of AD-MSCs on STZ injured islet cells. These
findings are in agreement with Zhang et al. [26] and
Omar and Aboulkhair [16] who reported that AD-
-MSCs secrete trophic and angiogenic factors. Anoth-
er mechanism of MSCs in improving STZ induced DM
is the protection of endogenous pancreatic islet cells
against inflammation and apoptosis through their
immunoregulatory abilities as suggested by Bloom
et al. [4] who supposed that MSCs have immunosup-
pressive abilities and could suppress the proliferation
of T lymphocytes, the main effectors in autoimmune
diseases like type one DM, and inhibit dendritic cell
differentiation [27]. Moreover, MSCs inhibit the
proliferation, maturation and antibody secretion of
B lymphocytes [24]. Zang et al. [25] also found that
MSCs reduced apoptosis among islets cells and in-
creased their viability following the co-culture of both
cells for 48 hours. Cho et al. [6] reported that the
cytokine analysis of MSCs derived islets cells revealed
increased expression of anti-inflammatory cytokines
like TGF-B and TNF-a, lower levels of pro-inflammatory
cytokines, reduced levels of reactive oxygen species,
downregulated caspase-3 and caspase-8 confirming
the MSCs’ anti-apoptotic properties. This assumption
was supported by the findings of the current study
where AD-MSCs treated groups showed a significant
decrease in the area per cent of caspase-3 immu-
no-expression, significant decrease in IL-17 compared
to STZ group denoting decreased inflammation and
protection of islet cells against apoptosis, especially
group IV (STZ + MT treated AD-MSCs).

Mortezaee et al. [13] reported that MSCs highly
expressed MT1 and MT2 receptors on their surface
and that MT produced its effects on MSCs via re-
ceptor-dependent and receptor-independent mech-
anisms by which the antioxidant enzymes such as
catalase and superoxide dismutase-1 were overex-
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pressed, therefore increasing the MSCs resistance
to hydrogen peroxide dependent apoptosis and in-
creasing their therapeutic values [28]. These findings
support the results of the current work that revealed
improvement in all biochemical and histopatholog-
ical parameters in the group of AD-MSCs enriched
with MT, which confirm the enhancing role of MT
on the proliferative and regenerative activities of
AD-MSCs on the islet cells. Although, in the present
work, the AD-MSCs treated groups showed signifi-
cant improvement, but still not reaching the control
level. Omar and Aboulkhair [16] attributed that to
the arrival of a limited small number of MSCs into
the pancreas after their transplantation. Hence the
attraction of the stem cells to the site of injury is me-
diated by stem cells’ chemokines, the injured tissue
ligands might be not enough to attract a sufficient
amount of MSCs to the site of the lesion to restore
normal conditions. El-Said et al. [7] also reported
that although MSCs lowered blood glucose levels
as compared to diabetic non-treated rats, after six
weeks of transplantation, serum glucose levels were
still higher compared to the control. They reported
that treatment of diabetic rats with MSCs may be
more effective in repeated doses and longer periods.
Moreover, Hu and Li [9] deduced that high MT con-
centrations might harm the epigenetic and genetic
stability of MSCs.

Clinically, this work confirms the novelty of stem
cells therapy in DM with promising chances for the
use of such so natural remedy for application in hu-
man. AD-MSCs could ameliorate the diabetic status
of rats by improving STZ-induced disturbances in the
islets of Langerhans with amelioration of hypergly-
caemia and improving serum insulin level. Therefore,
further investigations are recommended to determine
the optimal concentration and administration time
to produce the efficient regeneration and protection
capabilities of MT enriched AD-MSCs for the islet cells
in the near future.

Limitations of the study

An experimental work of longer duration is neces-
sarily needed to confirm the stability of the therapeu-
tic value and the overall improvement in the diabetic
rats treated with AD-MSCs, as well as a longer time of
diabetic status before the administration of the stem
cells to treat a long-standing full blown picture of the
DM disease. Also the need of a booster injection of
AD-MSCs was not ruled out.
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The cell line and the age of the obtained stem
cells for treatment of diabetic rats is a major concern
determining their clinical benefits. Cells might not
have reached the target organ in sufficient amounts
due to any vascular obstruction in the way or may me
rejected due to some immunological issues.

CONCLUSIONS

From the results of the current work, it could be
concluded that pretreatment of AD-MSCs with MT
enhances their power of treatment and protection
of the cells of the pancreatic islets of Langerhans.
Further studies are needed to explore the stability
of the therapeutic effects of AD-MSCs in DM as well
as the possible side effects over longer experimental
durations.
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