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Abstract:

Background: transplantation of mesenchymal stem cells (MSCs)
provides an effective strategy to protect pancreatic tissue injury
in diabetes type 1. Many factors act as obstacles to their best
regenerative capacity. Aim of the work: To evaluate the role of
Adipose-derived mesenchymal stem cell (AD-MSCs) in the
treatment of type 1 DM and to compare their efficacy alone and
with a combination with resveratrol and long-acting insulin in the
pancreas of albino rats with streptozotocin induced T1DM.
Methods: 10 out of the 50 healthy adult male albino rats served
as donors for stem cells and the other 40 rats were subdivided
into two main groups: Group I (control group (16 rats), Group Il
(STZ-diabetic group, (24) rats which were injected with a single
intraperitoneal injection of streptozotocin 50 mg/kg BW. This
group was subdivided into 4 groups. Gl a: untreated rats, Gl b:
received 1x10¢ of cultured rat ADMSCs once intravenously into
the tail vein, GIlI ¢ which was given MSCs plus resveratrol in
combination, GIl d which was given MSCs & resveratrol and
insulin glargine. Pancreatic samples were prepared for immune
histochemical study, light and electron microscopic examination,
and morphometric studies. Results: The AD-MSCs-treated group
revealed moderate improvement in histological structure and
fasting blood glucose level. AD-MSCs, resveratrol and insulin-
treated group demonstrated higher improvement than that of the
MSCs treated group alone or dual combination of AD-MSCs plus
resveratrol. Conclusion: Better synergistic protective effect on
damaged pancreatic tissues can be observed in STZ induced DM
rats treated with AD- MSC coupling with resveratrol and insulin
treatment.
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Introduction

Diabetes mellitus (DM) is a major public
health problem worldwide. It affects
around 415 million people and is set to
rise to 642 million by the year 2040 @,
Typel DM is an autoimmune, metabolic
disease  characterized by selective
destruction of pancreatic B-cells leading
to a loss of endogenous insulin
production and secretion with lifelong
insulin ~ treatment @, Recently
regenerative therapy via transplantation
of MSC has emerged as an effective
strategy to protect against tissue and
organ injury ©. Hyperglycemic state
induces MSCs apoptosis, as impairing the
balance  between reactive  oxygen
substances and antioxidant mechanisms
leading to decrease their therapeutic
effects by decreasing their homing and
differentiation . Resveratrol is a natural
agent  possesses  great  therapeutic
potential for protecting against injures in
multiple tissues as a result of its
antioxidative and  anti-inflammatory
properties ©.

Material and methods:

This study is an experimental research
approved by the Research Ethics
Committee of faculty of medicine, Benha
University (MD 3-11-2020).

Animals

This study was conducted on 40 adult
male albino rats weighing between 120
and 200 gm, taken from and housed at the
laboratory animal house unit of Kasr Al-
Ainy Faculty of Medicine, Cairo
University; the rat housed in plastic cages
at 22+ 3°C and 14 h: 10 h light: dark, rats
were fed a standard diet and water for a
period of 4 weeks (from 10April 2021 to
8 May 2021), after an accommodation
period of one week. Strict cleaning and
maintenance measures were applied to
keep the animals in a healthy state. All
ethical rules for animal treatment were
followed.

Chemicals

Streptozotocin (STZ): It was obtained
from Sigma Chemical Company (Sigma-
Aldrich, St. Louis, MO) in the form of 1
gm white to yellow powder vial.

Insulin  glargine:(Lantus®): It s

extended-action  biosynthetic ~ human

insulin It was obtained from Sanofi—

Aventis Pharma, Bad Soden, Germany, in

the form of 10 ml vial containing 100

units/ ml.

Adipose tissue-derived mesenchymal

stem cells (AD-MSCs):

The AD-MSCs were prepared in the stem

cell unit, faculty of medicine, Cairo

University and were used at a dose of AD-

MSCs (1x106 cells/ ml) suspended in 1ml

phosphate buffer saline (PBS) and were

injected once intravenously through the
tail vein.

Experimental Design

10 out of the 50 albino rats used in this

study served as donors for stem cells and

the other 40 rats were divided into two
major groups:

1) Group | (16 rats); the control group

subdivided into 4rat for each:

o Negative control: did not receive any
medications.

e Positive control A: received a single
intraperitoneal injection of 1 ml of
sodium citrate buffer (0.1 mM/ L, PH
4.5)

e Positive control B: received saline
solution orally.

e Positive control C was injected with
1ml PBS,

2) Group Il: STZ-diabetic group (24

rats) were injected with a single

intraperitoneal injection of STZ 50 mg/kg

BW dissolved in 0.1 mM/L sodium citrate

buffer, pH 4.5. This group further

subdivided into 4 groups (6 rats for each).

Glla: untreated diabetic that didn’t

receive any medications.

Gllb: received 1x10° of cultured rat AD-

MSCs, suspended in 1ml PBS; the cells

were

injected once intravenously through the

tail vein®),



Gllc: treated with resveratrol (5-10
mg/kg BW) dissolved in saline solution
orally once

daily)and AD-MSCs in combination .
Glld: treated with resveratrol (5-10
mg/kg BW dissolved in saline solution
orally once

daily), insulin glargine (2-6U/rat/day)®,
and AD-MSCs.

At the end of the experiment blood
samples from all rats were taken for
measuring of the blood glucose level then
rats were anesthetized by light ether
inhalation and sacrificed by cervical
dislocation. The abdomen was opened by
midline incision and pancreas was
removed and rapidly dissected out and
divided into two parts: one fixed in 10 %
formalin solution for light microscopic
examination and the other was fixed in
2.5%  glutaraldehyde  for electron
microscopic examination.
Histopathological study:

Pancreatic specimens subjected for light
microscopic study, were fixed in 10%
formalin saline for 24h and 5 pm paraffin
sections were cut and stained with H&E
for histological study and Masson's
trichrome stain for collagen fibers . Slide
visualization and image photographing
were performed in the Anatomy
Department, Faculty of Medicine, Benha
University, Egypt. For this, Nikon Eclipse
80i upright microscope (Nikon
Corporation, Japan) with a fitted digital
camera, Toup CamTM Xcam full HD
camera (ToupTek Europe, Ultramacro
Ltd., UK) was used.

Transmission electron microscopic
study: -

The pancreatic specimens were collected
and ultrathin sections were performed
®).1t was done and photographed in Tanta
EM Unit, Faculty of Medicine, Tanta
University using JOEL (JEM-100 SX,
Akishima, Tokyo, Japan).
Immunohistochemical study: -
Immunohistochemistry ~ of  paraffin-
embedded pancreatic  sections  was
performed caspase 3 antibodies by using
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the avidin— biotin peroxidase complex
technique ©.The slides were studied by
light microscopy in Anatomy
Department, Benha faculty of Medicine,
Benha University.
Biochemical study (0):-
Before scarification of rats fasting, blood
glucose level was measured after a fasting
period of 6-8 hours. Blood drop was
taken from the distal end of the tail and
analyzed immediately via a blood glucose
monitoring device by the glucose oxidase
method using a Glucometer (Accu-Check
Active, Roche Diagnostics, Mannheim,
Germany)
Morphometric study @V:were performed
to measure.
1.The pancreatic islet size.
2.Area percent of collagen fibers in
Masson’s trichrome stained sections.
3.Area percent of caspas-3
immunoreactivity.at a magnification of x
400.
Statistical analysis
The values obtained from morphometric
study and level of blood glucose level
were expressed as mean + SD for each
group. Statistical comparison among
different groups was evaluated using a
one-way analysis of variance (ANOVA)
and post hoc Least Significant Difference
(LSD) test. Calculations were done with
SPSS software, version 20 (IBM SPSS
Statistics for Windows, Armonk, NY,
USA). Statistical significance was defined
as p-value less than 0.052

Results

I) Histological analysis

Hematoxylin and Eosin results:

Group I: The sections appeared as closely
packed lobules of pancreatic acini
surrounding well-packed endocrine islets
of Langerhans. The acini were formed of
pyramidal cells with basal nuclei and
apical acidophilic cytoplasm. The islets
consisted of clusters of large beta cells
centrally and smaller alpha cells
peripherally, the cells were separated by
blood capillaries. Most of the nuclei of



Benha medical journal, vol. XX, issue XX, 2024

islets and acini were regular and rounded
(Fig.1a).

Group lla: showed loss of the normal
architecture of islets of Langerhans with
distortion of its outline and the cells
appeared degenerated and necrotic with
pyknotic & fragmented nuclei. There were
Iytic vacuoles giving them a foamy and
rarefaction appearance. (Fig.1b).

Group Ilb:  The islets showed
improvement in the architecture with intact
boundaries except for the presence of a
few vacuoles between the cells of islets.
Beta cells appeared nearly normal, pale
polygonal cells, Alpha cells appeared with
dense nuclei and acidophilic cytoplasm at
the periphery. scanty cells appeared with
pyknotic nuclei and vacuolated cytoplasm.
Pancreatic acini appeared with normal
architecture (Fig.1c).

Group llc: showed marked improvement
in the morphological appearance of
pancreatic cells when compared with the
previous groups. The islets appeared with
regular outlines and no vacuolation. The
islet cells were arranged in well-packed
cords. Beta cells appeared pale cells with
prominent nucleoli at the center and Alpha
cells appeared with smaller dark basophilic
nuclei at the periphery. Pancreatic acini
showed normal architecture. (Fig.1d).
Group Ild: The pancreatic sections
restored the normal architecture as the
same finding in the previous group (Gllic)
with more increase in size and cellular
density. (Fig.1e).

Masson's trichrome results:

The diabetic untreated group showed
excess, blue-stained collagen fibers inside
the islets of Langerhans and within thin
septa around the pancreatic acini (Figs.2b).
The control, Glic and GIlld groups
exhibited thin blue collagen fibers inside
the islets of Langerhans and within thin
septa around the pancreatic acini (Figs.2 a,
d, &e).

The AD-MSCs treated group exhibited
mild blue collagen fibers deposition
(Figs.2c).

I)Immunohistochemical study:

Caspase 3 Immune histo-chemical:

The control group showed negative
brownish cytoplasmic coloration (Fig.4a),
While Glla showed a strong positive
brownish cytoplasmic immune reaction in
the islet and the acinar cells. (Fig.4b).

The AD-MSCs group showed mild
immunoreactivity of caspase 3 in the islet
and the acinar cells (Fig.4c), while a
minimal immune reactivity appeared in
groups (Gllc) and (Glld). (Fig.4 d & e).
1) Transmission electron microscopic
result (TEM):

Group I: The Beta cells appeared with a
rounded regular euchromatic nucleus with
a prominent nucleolus. Its cytoplasm
contains numerous secretory granules with
condensed cores with angular sides and
large surrounding halos, mitochondria
appeared regular. Normal Golgi apparatus.
Alpha cells exhibited characteristic
homogeneous electron-dense granules with
no or very narrow surrounding hallo.
(Fig.4a&b).

Acinar cells appeared intact with
euchromatic basal nuclei, and numerous
electron-dense large secretory granules,
zymogen granules, of variable sizes in the
apical part. Normal mitochondria, and
rough endoplasmic reticulum (rER) were
also evident in the acinar cells. (Fig.4c).
Group lla: The B cells appeared distorted
with irregular pyknotic nuclei and rarified
vacuolated cytoplasm. There was a
decrease in the secretory granules with a
fusion of some, and degenerated swollen
mitochondria was obvious. (Figs. 5d&e).
The acinar cells appeared with irregular
contour of the nucleus, damaged swollen
mitochondria, dilated cistern of GA, and
decreased secretory granules some of them
were empty. (Fig.4f).

Group Ilb: The B cells appeared with a
nearly normal nucleus. The Nuclei
appeared intact with prominent nucleolus
except one nucleus appeared pyknotic. The
secretory granules were numerous and
intact except a few granules appeared
empty. Scanty vacuoles and dilated



cisterns of rER could be seen, others with
regular appearance (Figs.5 g&h).
The acinar cells appeared intact with
normal nuclei. The secretory granules
appeared normal except some granules
appeared dissolved with faint density.
Normal mitochondria and rER could be
seen (Fig.41).
Group llc: The pancreatic section showed
the B cell with a normal nucleus. The
cytoplasm had numerous intact secretory
granules, normal mitochondria, and
normal Golgi apparatus (Figs. 5a&b). The
acinar cells appeared with nearly normal
nuclei with prominent nucleolus. Its
cytoplasm  exhibited many  normal
secretory granules, normal mitochondria,
and rough endoplasmic reticulum (Fig.5c).
Group Ild: The pancreatic section showed
beta cells restoring their normal
appearance with numerous characteristic
secretory granules, regular nuclei, normal
mitochondria, and normal Golgi apparatus.
(Figs. 6d&e). The acinar cells restored
their normal appearance like control
group. (Fig.5f).
IV)Morphometric and statistical results
= Mean values of the diameter of the
islet of Langerhans by pixels' table 1
and histogram (Fig.1f)
Group lla: showed a significant decrease
(P< 0.05) when compared with all other
groups.
Group Ilb: group showed a significant
decrease when compared with the control,
Gllc, and Group Ild groups. Also, there
was a significant increase when compared
with Glla (P< 0.05).
Group llc showed a significant decrease
when compared with the control and Glld
group. Also, there was a significant
increase when compared with Glla, and
Gllb (P< 0.05).
Group Ild group had non-significant
change compared with the control group.
Also, there was a significant increase (P<
0.05) when compared with Glla, Gllb, and
Gllc.
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= Mean area percentage of collagen
fibers deposition table 1 and
histogram (Fig.2f)
Group lla: showed a significant increase
(P< 0.05) when compared with the control
and other treated groups.
Group Ilb: Exhibited a significant increase
(P< 0.05) when compared with the control,
Gllc, and GlId groups. Also, there was a
significant decrease when compared with
control and Glla, Gllb and Gllc groups.
Group llc: Had a significant increase when
compared with the control and Gllid
groups. Also, there was a significant
decrease when compared with Glla &
Gllb (P< 0.05)
Group lld: Has non-significant change
compared with the control group. Also,
there was a significant decrease (P< 0.05)
when compared with Glla, Gllb, and Glic
groups.
= Mean area percentage of caspase 3
table 1 and histogram (Fig.1f)
Group lla: showed a significant increase
(P< 0.05) when compared with the control
and other treated groups. Group Ilb:
showed a significant increase (P< 0.05)
when compared with the control, Glic, and
GlId groups. Also, there was a significant
decrease (P< 0.05) when compared with
Glla. Group llc: showed a significant
increase (P< 0.05) when compared with
the control and GIlId groups. also, there
was a significant (P< 0.05) decrease when
compared with Glla & Gllb groups. Group
I1d: Had non-significant change compared
with the GI. Also, there was a significant
decrease (P< 0.05) when compared with
Glla, Gllb, and Gllc groups.
Mean values of FBG mg/dl Table 1:
Group lla: showed a significant increase
(P< 0.05) when compared with the control
group.
Gllb: showed a significant increase (P<
0.05) when compared with the control,
Glic, and GlIid groups. Glic group,
showed a significant increase (P< 0.05)
when compared with the control and Glid
groups. Also, there was a significant (P<
0.05) decrease when compared with Glla
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& Gllb. Glld had non-significant change when compared with Glla, Gllb, and Gllc
compared with the control group. Also, groups.
there was a significant decrease (P< 0.05)

Table (1) showing the Mean and + SD of fasting blood glucose (mg/dl), the area percentage
of caspase 3, collagen fiber deposition, and ean of the diameter of the islet for all groups with
comparison between all groups by Post Hoc LSD test.

Group | Group Il diabetic
Control untreated AD-MSCs AD-MSCs AD-MSCs
Group Group +res +res.+ insulin
FBG (mg /dl) 98.17+3.7 551.17+11.1 16.05+0.9 129.7 £7.3 100.7+£6.1
acde a,b,d,e ab,c,f a,b,cd

Area % of 12+1 44,6 £3.3 147+17 10.27+ 1.4 8+0.95

caspase 3 a,cde a,b,de a,b,ce b,c,d
Area% of collagen 4.8+1.5 48.4+7.2 214+19 16.05+0.9 27.85+0.45
fibers a,cde a,b,de abce b,c,d
Mean of the 817.44+80.1 392.4+43.1 617.5 £ 66.5 698.9£70.3  698.9+70.3
diameter of the acde a,b,de ab,ce b,c,d
islet
Data expressed as mean + SD, *: significance < 0.05.
a: Significance with Gl b: Significance with Glla
c: Significance with Gllb d: Significance with GIIC

e: Significance with GIID.

Fig. (1): A photomicrograph of a pancreatic section of the control group Fig.1 (a) showing: normal
pancreatic tissue architecture. The acini (A) appear intact with basal basophilia and apical acidophilia
and the islet of Langerhans (1) is buried in it with a regular outline (double arrow). The islet cells are
arranged in a cord- like manner separated by blood capillaries (c). The B-cells (arrows) lie in the core
of the islet and are bigger than Alpha cells (curved arrows) that lie at the periphery. (H&E X400)



Group lla untreated diabetic group Fig.1
(b) showing; marked loss of normal
architecture of islets (I) with irregular
outline (double arrow). The islet cells
show marked degenerative changes in the
form of vacuolated rarefied cytoplasm
(star) and karyorrhectic (fragmented)
nuclei (circle), dark pyknotic nuclei
(arrow), complete loss of cells
(rectangular), and swollen cell (head
arrow). blood capillary (c) Some
pancreatic acini (A) appear distorted with
vacuolation (star). (H&E X400)
AD-MSCs Group Fig.1 (c) showing the
islet of Langerhans (I) with intact
boundary (double arrow) except the
presence of few lytic vacuoles between the
cells of the islets of Langerhans (star).
Intact Beta cells appear pale vesicular cells
(circle) and dark nuclear alpha cells appear
at the periphery (head arrow). There are
multiple capillaries between cells (c)
Scanty cells appear with pyknotic nuclei
(curved arrow). Pancreatic acini (A)
appear with normal architecture. (H&E
X400)

AD-MSCs+ res. Group Fig.1 (d) showing
the islets of Langerhans (I) with normal
architecture and regular outline (double
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arrow) no vacuolation appears. Beta cells
appear pale vesicular cells with prominent
nucleoli (circle). Alpha cells appear with
smaller dark basophilic nucleus at
periphery (head arrow). Some blood
capillaries appear between cells (c).
Pancreatic acini (A) appear with normal
architecture basally located basophilic
nucleus  with  prominent nucleolus
(triangle) with apical acidophilic secretion.
(H&E X400)

AD-MSCs+ res.+ insulin Group Fig.1 (e)
showing the islets of Langerhans (I) with
regular outline (double arrow) and no
vacuolation. Islets cells arranged in well
packed cords with normal rounded Beta
cells (circle) and smaller in size with dark
basophilic Alpha cells at the periphery
(head arrow). Some blood capillaries
appear between cells (c). Pancreatic acini
(A) appear intact with basally basophilic
nucleus  with  prominent  nucleolus

(triangle) and apical acidophilic secretion.
blood vessels (BV). Note increasing the
size and cellularity of islets. (H&E
X400).Fig.1 (f): Histogram showing mean
values of the diameter of the islet of
Langerhans among the study groups.
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Fig. (2): Photomicrograph of pancreatic sections of group 1 (a) showing thin blue-stained collagen
fibers (arrow) inside the islets of the pancreas (I) and around the acini (A). Group lla, (b) showing
marked excess collagen fibers inside the islets (1) and between the acini (A). Group Ilb, (c) showing
excess, collagen inside the islets (1) and between acini (A). Group llc, (d) showing mild deposition of
collagen fibers inside the islets (1), duct (D), and between the acini (A). Group Ilb (e) showing
minimal, collagen fibers inside the islets (I) and between acini (A) (Masson's Trichrome X 400). Fig.2
(f): Histogram showing mean % area of collagen deposition among the study groups.

% Area of Caspas

44.6

-'Cn;nn; area %

Fig. (3): A photomicrograph of a pancreatic section of groupl (a): showing negative, trace, brownish
cytoplasmic immune-reaction for caspase-3 (arrow) in the islet’s cells and acinar cells. Group IIa (b):
Showing strong positive cytoplasmic immune reaction of caspase-3 (arrow) in the islet’s cells (I) and
the acinar cells (A). Group I1b (c): Showing mild cytoplasmic immunoreaction (arrow) of caspase-3 in
islets cells (1) and acinar cells (A). Group IIC (d) and Group llb (e): showing minimal scanty
cytoplasmic immunoreaction (arrow) in islets cells (1) and acinar cells(A). Caspase 3 X400). Fig.4 (f):
Histogram showing Mean percentage area of Caspase 3 immunoreactivity among the study groups.
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Fig. (4): Transmission electron micrographs of the rat pancreatic tissue. Control group (Fig.4 a, b, c).
B cells in (fig.4a& b) appears with a rounded regular nucleus (NB) with a prominent nucleolus (n),
numerous secretory granules with condensed core and large surrounding halos (curved arrow), normal
Golgi apparatus (G). Alpha cell appears with regular nucleus (Na) and homogeneous electron-dense
granules with no surrounding hallo (tailed arrow) notice, the junction between cells (arrow). Acinar
cells (Fig.4 c) appear intact with euchromatic nucleus (N), and numerous electron-dense large
zymogen granules (z), of variable sizes, intact mitochondria (m), and rough endoplasmic reticulum
(R). Untreated Diabetic group (Fig.4 d, e, f): The B cells appear (Fig.4d & e) distorted with irregular
pyknotic nuclei (N), rarified (star) and vacuolated (V) cytoplasm, and degenerated swollen
mitochondria is obvious (M) The acinar cells (Fig.4 f) appear with irregular contour of the nucleus
(N), damaged swollen mitochondria (M), dilated spaces (S), and secretory granules some of them are
empty (arrow). AD-MSCs group (Fig.4 g, h, i): The B cells (Fig.4 g & h) appear with a nearly normal
nucleus (N) except one nucleus appears pyknotic (double arrow). The cytoplasm shows multiple
normal secretory granules (arrow) except few granules are empty (circle), intact mitochondria (m),
intact Golgi apparatus (G) with few swollen cisterns (bifid arrow), and rarified areas (star). (Fig.4 i):
A part of acinar cell with part of its nucleus appears (N). The cytoplasm contains many intact
zymogen granules (Z) few of them have faint density (curved arrow), normal mitochondria with
regular cristae (m), and rough endoplasmic reticulum (R). (TEM x 8000 -TEM X 20000)

DOI: 10.21608/bmfj.2024.271227.2024
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Fig. (5): Transmission electron micrographs of the rat pancreatic tissue MSCs +Res. group (Fig.5 a, b,
c): The B cell (a&b) has a normal nucleus (N). The cytoplasm has numerous intact secretory granules
(arrow), normal Golgi apparatus (G). The acinar cells(c) appear with nearly normal nuclei (N) with
prominent nucleolus(n). Its cytoplasm exhibits intact secretory granules (Z), normal mitochondria
(m), and rough endoplasmic reticulum (R). MSCs +Res. +insulin group (Fig.5 d, e, f): B cells
restoring their normal appearance with numerous characteristic secretory granules (dense arrow) and
regular nuclei (N). Notice, blood capillary (Bc) with blood cell (¢) and cell junction (Fig.5 d & €). The
acinar cells restoring their normal appearance like control group. (Fig. 5f). (TEM X8000 -X 20000).

Discussion

Numerous therapeutic approaches have
been taken for the replacement of B-cells;
stem cell transplantation is one of the most
promising alternatives. Stem cells have
shown the potential efficacy to treat
T1DM by reconstitution and preservation
of islet B-cell function. @2,

In the present study, H&E-stained sections
of Glla showed extensive destruction of
Langerhans  islets  with ill-defined
boundaries, reduction of their size, and
focal lytic areas could be seen. The cells
appeared degenerated with  pyknotic
nuclei. Also, pancreatic acini appeared
distorted with vacuolation. These results
were in agreement with those of 415,
These results were confirmed by a TEM
examination that showed degeneration in
both islets and acini. The cells of islets

appeared with irregular pyknotic nuclei,
rarified  cytoplasm,  obvious lytic
vacuolation, decreased shrunken secretory
granules, swollen cisternae of GA, and
damaged swollen mitochondria. These
findings were agreed by “® who reported
pathological changes in both endocrine
and exocrine parts of the diabetic group.
Also, U7 reported an obvious degenerative
and apoptotic changes in beta cells. They
clarified that it was because of lipid
peroxidation. They proved that by a
significant  increase  in  pancreatic
malondialdehyde MDA, a lipid
peroxidation indicator.

In the current study, the sections of Gllb
pancreatic tissues by light and TEM
showed regeneration of islets cells in
comparison with Glla, the islet of
Langerhans restored normal architecture
with intact boundary except scanty lytic



vacuoles between the cells. Beta cells
appeared pale with prominent nucleoli.
Scanty cells appeared with a pyknotic
nuclei and  vacuolated cytoplasm.
Pancreatic acini appeared normal. These
results were in consistent with @8 who
explained this improvement by MSCs by
their immunomodulatory properties and
differentiation of MSC into insulin-
secreting cells. Also, the results agreed by
19 who showed that MSCs administration
reduce the hyperglycemia and are
accompanied by increased islet-
neogenesis. and % who explained this
improvement by the ability of AMSCs to
differentiate into insulin-producing cells &
numerous transcription factors like insulin
gene enhancer protein (Isl-1) and Pax-6.
The Masson's trichrome stains results were
in consistent with %2 who reported
minimal  collagen  fibers  between
pancreatic lobules in the control group and
a marked increase in collagen deposition
in the diabetic group while, resveratrol-
preconditioned stem cells treated rats
showed minimal deposition.

This study demonstrated that using
resveratrol in combination with AD-MSCs
increases its efficacy rather than using it
alone as appeared histologically by H&E.
The islets restored their normal
architecture, size, cellularity, and there
weren’t degenerated cells. The results
were confirmed by ultrastructure and
biochemical studies. These results were in
consistent with ®® who found that AD-
MSCs precondition with  resveratrol
increases the survival marker expression,
leading to enhanced AD-MSCs viability.
They verified its viability by measuring
the survival proteins e.g. phosphorylated
serine/threonine protein kinase (p-Akt)
expression they found that hyperglycemia
reduced p-Akt expression in ADSC. By
contrast, the p-Akt expression was
increased despite hyperglycemia, if AD-
MSC was preconditioned with resveratrol.
22) clarified this as resveratrol improved
the homing of transplanted cells and
augmented their regenerative, and anti-
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fibrotic activities by decreasing free
radicals that are responsible in part for
cellular and DNA damage. They approved
these results by measuring the oxidative
stress parameters and the expression of
apoptosis and fibrosis markers.

In this study, using a long acting insulin
analog in combination with both AD-
MSCs and resveratrol showed the best
improvement histologically and
functionally. This amelioration was
verified by restoring the normal
histological structure of the islets of
Langerhans with an increase in the
cellularity and the size of islets, preserved
ultrastructure of [ cells, and restoring
normal blood glucose level. We clarified
that hyperglycemia may affect the
apoptotic  pathway resulting in an
increasing  apoptotic  process  with
decreasing viability of AD-MSCs, so
decreasing the hyperglycemia by insulin
treatment in addition using resveratrol,
enhance viability and the regenerative
power of MSCs. rather than using MSCs
alone or with resveratrol only.

24259 revealed  that  STZ-induced
hyperglycemia could initiate pancreatic j3-
cells apoptosis in diabetic rats, through
elevating apoptotic factors like annexin,
and caspases-3,8,9 associated  with
decreased anti-apoptotic Bcl-2 expression.
Also, those results were supported by the
results of (82 27 who showed that
controlling the blood glucose level by
insulin treatment can promote beta-cell
regeneration and decrease the apoptosis.
The immunohistochemical results were in
agreement with @” 28 who published that
resveratrol coupling with ADSC showed a
protective effect on pancreatic damage
through the increased sirtuin 1 expression
and suppression of caspase-3. Also, they
reported a significant suppression of
survival proteins and increased apoptotic
proteins such as cytochrome C,
Caspase3&9 can be observed in the
diabetic group by contrast, significant
upregulation of survival proteins and
decreased apoptotic proteins can be found
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in (ADMSC) and (res+ ADMSC) groups
when compared to the diabetic group.
These results have been supported by
morphometric and statistical results. Gllb
showed a significant increase in Mean of
the diameter of the islet when compared
with Glla. These results were consistent
with 829 30) and there was a significant
decrease in FBG level, area % of caspase
3, and collagen fibers as compared with
Glla this agreed by © 3% 32 who explained
that pancreatic fibrosis may be caused by
pancreatic stellate cells that have been
activated by hyperglycemia, resulting in
fibrotic changes.

Group llc had a significant increase in the
mean diameter of islets and a significant
decrease change in FBG level, collagen
fibers, and caspase 3 immune reactivity as
compared with Glla and Gllb. These
results were agreed by 2 23.28),

Group 1ld has non-significant change in
FBG level, collagen fibers deposition, and
caspase area percentage as compared with
the control group and increased
significance changes as compared to Glla,
Gllb, and Gllc

Conclusions:

From this study, we concluded that
transplantation of AD-MSCs showed a
moderate ameliorative effect on all
histopathological features and FBG level
in STZ diabetic rats.

Considering the efficacy of AD-MSCs
there was a best synergistic effect of triple
combination (MSC +res. +insulin) than
dual combination (AD-MSCs
+resveratrol).
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