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ABSTRACT
Background: Diabetes Mellitus (D.M.) is a major health problem affecting more than 200 million worldwide. The ideal 
treatment for autoimmune type I diabetes is regeneration of endogenous β-cells which could be achieved by mesenchymal 
stem cells transplantation. 
Aim of the work: This work aimed to compare the effect of intravenous bone marrow derived mesenchymal stem cells (BMSCs) 
and adipose tissue derived mesenchymal stem cells (AMSCs) on Streptozotocin (STZ)-induced type I diabetes in albino rats. 
Material and Methods: Fifty albino male rats were divided into 4 groups; control, diabetic, BMSCs treated and AMSCs 
treated. Treated groups were intravenously given 1 ml PKH26 labeled allogenic BMSCs or AMSCs suspended in phosphate 
buffered saline, respectively. Animals of all groups were sacrificed 2 weeks after stem cells administration. Sections from 
control and treated groups were examined by fluorescence microscope. Sections from all groups were immunohistochemically 
stained to detect insulin and proliferating cell nuclear antigen (PCNA). Mean area percent of insulin and number of PCNA 
positive reactions were measured and statistically analyzed. 
Results: Diabetic rats showed cell death and congested blood vessels in both exocrine and endocrine pancreas. Treated groups 
revealed homing of stem cells in pancreas after their transplantation. Moreover, nearly normal histological features were 
seen in AMSCs treated group. Studying the treated groups immunohistochemically, revealed increase in insulin and PCNA 
positive reactions when compared to diabetic group with more increase in AMSCs treated group than BMSCs treated group. 
Conclusion: Intravenous AMSCs could be more effective than BMSCs in treatment of STZ-induced type I diabetes.
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INTRODUCTION                                                                 

Diabetes mellitus is a major health problem that affects 
more than 200 million all over the world[1]. It is a major 
cause of morbidity and mortality due to its micro and 
macrovascular complications[2].

It is of two types (type I and type II). Type I diabetes 
represents 10% of the diabetic cases with increased 
incidence in the developed countries[3]. It is an autoimmune 
destruction of the pancreatic insulin producing β-cells that 
resulted from abnormal activation of T-cells[4]. A range of 
60%-80% of the β-cells would be destroyed at the time of 
diagnosis of diabetes type[5].

Treatment of type I diabetes includes control of food 
intake and insulin therapy. These methods can not simulate 
the natural secretion of insulin in the body leading to 
life threatening complications as severe hypoglycemic 

or hyperglycemic attacks[6]. Another way of treatment 
depended on transplantation of the whole pancreas or the 
pancreatic islets cells. However, they were limited by the 
shortness of donors and the rejection complications7]. So, 
the ideal therapeutic tool would be regeneration of the 
endogenous β-cells[8].

Mesenchymal stem cells are multipotent stem cells 
that can be isolated from bone marrow, adipose tissue, 
umbilical cord and many other tissues[9]. They could be 
used in regenerative medicine as they have the ability 
to renew themselves, differentiate into a wide range of 
cells and have high potentiality to expand in culture[10]. 
In addition, they have angiogenic, anti-apoptpotic, anti-
inflammatory and immunomodulatory effects[11].

BMSCs and AMSCs are two types of different origins 
for adult mesenchymal stem cells[12]. Recovery of the 
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pancreatic β-cells and controlling the blood glucose level 
in cases of diabetes could be achieved by transplantation of 
BMSCs[13] as well as AMSCs[14].

  This study aimed to compare between the effect of 
intravenous injection of allogenic rat BMSCs and AMSCs 
on the pancreas of STZ-induced type I diabetes mellitus in 
adult male albino rats.

MATERIAL AND METHODS                                      

I-Animals:

Fifty adult male albino rats (180- 200g) were housed 
in Kasr Al-Aini animal house, Faculty of Medicine, Cairo 
University. The animals were chosen after measuring the 
random blood sugar (RBS) level by glucometer and those 
rats with RBS less than 200 mg/dl were chosen. The rats 
were treated in accordance with guidelines approved by 
the Animal Use Committee of Cairo University. The rats 
were provided with ordinary rat chow, bred and housed 
in wire mesh cages at temperature (24± 1°c), with normal 
light-dark cycle. All animals were kept under the same 
environmental conditions and had free access to water and 
food. 

II-Chemical used:

Streptozotocin (STZ), an antibiotic purchased from 
Sigma Company (St. Louis, MO, USA). It was dissolved in 
sodium citrate buffer (0.1 mM, PH 4.4) immediately before 
its use.

III-Stem cells: 

Allogenic PKH26 labeled rat BMSCs and AMSCs were 
purchased from stem cell research unit at the Biochemistry 
Department, Faculty of Medicine, Cairo University. 

Preparation of the stem cells: 

Isolation of AMSCs:

Subcutaneous white adipose tissue was excised 
from the rat’s inguinal pad of fat under complete aseptic 
conditions. The adipose tissue was resected and placed 
into a labelled sterile tube containing 15 ml of a phosphate 
buffered solution (PBS) (Sigma, USA, P5493). Enzymatic 
digestion was performed using 0.075% collagenase II 
(Serva Electrophoresis GmbH, Mannheim) in Hank’s 
Balanced Salt Solution for 60 minutes at 37°C with gentle 
shaking. Digested tissue was filtered and centrifuged and 
erythrocytes were removed by treatment with erythrocyte 

lysis buffer. The cells were transferred to tissue culture 
flasks with Dulbecco Modified Eagle Medium (DMEM) 
(Sigma, USA, D5796) supplemented with 10% fetal bovine 
serum (FBS) (Sigma, USA, F6178). After an attachment 
period of 24 hours, non-adherent cells were removed by a 
PBS wash. Attached cells were cultured in DMEM media 
supplemented with 10% FBS, 1% penicillin-streptomycin 
(Sigma, USA, P4333), and 1.25 mg/L amphotericin B 
(Gibco/ BRL) and incubated at 37°C in 5% humidified CO2 
for 14 days. The media were changed every 3–4 days. At 
80- 90% confluence, cultures were washed twice with PBS 
and the cells were trypsinized with 0.25% trypsin (Sigma, 
USA, T1426) in 1 ml Ethylene Diamine Tetra Acetate 
(EDTA) (Sigma, USA, E6758) for 5 min at 37°C. After 
centrifugation (at 2400 rpm for 20 minutes), cell pellets 
were re-suspended with serum- supplemented medium and 
incubated in 50 cm2 culture flask (Falcon). The resulting 
cultures were referred to as first-passage cultures which 
then expanded in vitro until passage four[15].

Morphological identification of AMSCs: 

AMSCs in culture were characterized by their 
adhesiveness, fusiform shape and by detection of CD29, 
one of the surface markers of rat AMSCs, by Flow 
cytometry. AMSCs differentiation into chondrocytes and 
osteocytes was confirmed[16]. 

Isolation of BMSCs:

Bone marrow mesenchymal stem cells were obtained 
from femurs and tibiae of the rats by aspiration. They were 
isolated by flushing the bone marrow cavity with DMEM 
supplemented with 10% FBS. The cells were layered 
over Ficoll-Hypaque (Sigma, USA, F8016) in a ratio of 
2:1 in sterile conical tubes and centrifuged[17]. The opaque 
layer containing the mononuclear cells was aspirated and 
suspended in culture media as in AMSCs. 

Morphological identification of BMSCs: 

BMSCs in culture were characterized by their 
adhesiveness, fusiform shape and by detection of CD29 
and CD45, surface markers of rat BMSCs, by Flow 
cytometry[18]. 

Cell viability analysis and labeling of AMSCs and 
BMSCS with PKH26 dye:

Cell viability was detected by adding 1:1 ratio of cell 
suspension and 0.4% trypan blue stain, and examined 
under the phase contrast microscope. Viable cells appeared 
shiny without staining[19].

Culture cells were labelled with fluorescent cell 
tracker PKH26 (Sigma, USA, MINI26) according to 
manufacturer’s instructions[20].



14

BMSCS VS. AMSCS ON PANCREAS IN D.M. TYPE I

IV- Experimental design:

The animals were divided into 4 groups:

Group І (control group, n. =20 rats):

They were subdivided into four subgroups. 

Subgroup IA: 5 rats received no treatment. 

Subgroup IB: 5 animals were given single 
intraperitoneal injection of 1 ml of sodium citrate buffer 
(0.1 mM, PH 4.4) after being starved for 12 hours. 

Subgroup IC: 5 animals were prepared as in Subgroup 
IB then 3 days later they received 1 ml of PKH26 labeled 
allogenic BMSCs suspension in PBS (1×106 cells /ml) 
through the tail vein. 

Subgroup ID: 5 animals were prepared as in Subgroup 
IB then 3 days later they received 1 ml of PKH26 labeled 
allogenic AMSCs suspension in PBS (1×106 cells /ml) 
through the tail vein.

Group ІI (Diabetic untreated group, n. =10 rats): 

Diabetes type I was induced in these animals using STZ. 
Three days later, RBS level was measured by glucometer. 
Rats with blood glucose levels above 200 mg/dl were 
considered diabetic[21]. Then the animals were subdivided 
into: 

Subgroup IIA (5 rats): received nothing following 
STZ. 

Subgroup IIB (5 rats): received single dose of 1 ml of 
PBS through the tail vein.

Group ІII (BMSCs treated group, n. =10 rats):

Three days after induction of type I diabetes as in group 
II, RBS level of the rats of this group was measured by 
glucometer to confirm diabetes (more than 200 mg/dl). 
The rats received 1 ml of PKH26 labeled allogenic BMSCs 
suspension in PBS (1×106 cells /ml) through the tail                                                                                                       
vein[22].

Group IV (AMSCs treated group, n. =10 rats):

Three days after induction of type I diabetes as in group 
II, RBS level of the rats of this group was measured by 
glucometer to confirm diabetes (more than 200 mg/dl). 
The rats received 1 ml of PKH26 labeled allogenic AMSCs 
suspension in PBS (1×106 cells /ml) through the tail                                                                                                                   
vein[23]. 

V- Experimental procedure:

Induction of diabetes:

Animals were starved for 12 h then received a single 
intraperitoneal injection of 60 mg/kg of STZ dissolved in 1 
ml sodium citrate buffer immediately after its preparation 
in Biochemistry Department, Faculty of Medicine, Cairo 
University [24]. The aim of this procedure is to induce type 
I diabetes Mellitus[25]. 

Two weeks after stem cells transplantation, the RBS 
level was measured for all animals then the animals of all 
groups were sacrificed with an over dose of intravenous 
Phenobarbital (100mg/kg) in Histology Department, 
Faculty of Medicine, Cairo University. The pancreas of 
all animals were dissected, fixed in Bouin solution and 
processed to obtain Paraffin blocks. Paraffin sections 
5 micrometers thick were cut. Unstained sections from 
subgroups IC & ID together with unstained sections 
from groups III and IV were examined by fluorescent 
microscope. Sections of all groups were stained by:

• Hematoxylin and Eosin stain[26]. 

• Immunohistochemical staining[27] for: 

1. Insulin antibody: It is a guinea pig polyclonal 
antibody (Lab Vision Corporation Laboratories, catalogue 
number PA1 -36022). 

2. PCNA (Proliferating Cell Nuclear Antigen) antibody: 
It is a rabbit polyclonal antibody (Lab Vision Corporation 
Laboratories, catalogue number PA5 -27214).

Immunostaining required pretreatment, this was 
done by boiling for 10 minutes in 10Mm citrate buffer 
(cat no AP 9003) pH 6 for antigen retrieval and leaving 
the sections to cool in room temperature for 20 minutes. 
Then, the sections were incubated for one hour with the 
primary antibodies (this step was omitted in negative 
control sections). Immunostaining was completed by 
the use of Ultravision detection system (cat no TP - 
015- HD). Counterstaining was done using Mayer's 
hematoxylin (cat no TA- 060- MH). Primary antibodies, 
citrate buffer, Ultravision detection system and Mayer's 
hematoxylin were purchased from Lab Vision Corporation                                                               
Laboratories USA.

Insulin immunopositive reaction appears as brown 
cytoplasmic deposits while that of PCNA appears as brown 
nuclear deposits.
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VI-  Morphometric study: It included measuring of:

• Mean area percent of insulin immuno-expression in 
islets of Langerhans in insulin immunostained sections. 

• Mean number of PCNA positive cells in islets of 
Langerhans in PCNA immunostained sections. 

All measurements were done in 10 non overlapping 
fields for each animal of each subgroup. Image analysis was 
done using Leica Qwin 500 LTD software image analysis 
computer system (Cambridge, England) in Histology 
department, Faculty of Medicine, Cairo University.

VII- Statistical analysis:

The morphometric measurements were expressed 
as mean ± standard deviation (SD) and were analyzed 
statistically using the software “Statistics for windows 
SPSS” version 16. This was done using one-way analysis 
of variance ANOVA followed by “tuckey” post hoc 
test. Results were considered significant when P value                         
was < 0.05[28].

RESULTS                                                                                

General Observation:

No deaths or abnormal behavior were observed in 
all rats except for the presence of excessive urination 
in the diabetic group, two days after STZ injection. The 
biochemical, histological and immunohistochemical 
results of all subgroups of control group (group I) were 
similar. The diabetic rats in group II (subgroup IIA & 
IIB) also showed the same biochemical, histological and 
immunohistochemical results. So, they were referred to 
by control group (group I) and diabetic group (group II), 
respectively.

I-Random Blood Sugar (RBS) level (Table 1):

The mean values of random blood sugar level of 
diabetic rats in group II were significantly increased when 
compared to control rats of group I. The mean values 
of random blood sugar level of the treated rats (groups 
III & IV) revealed significant decrease two weeks after 
stem cell transplantation when compared with diabetic 
rats and it showed significant decrease in group IV than 
in group III. However, the RBS level in group IV had not 
returned to the normal level and it showed a significant 
increase when compared with the control group.

II-Histological results:

Fluorescent Microscope Results:

Sections of the control subgroups IC and ID showed 
absence of PKH26 labeled stem cells (Fig. 1a). Sections 

of the BMSCs treated group (III) (Fig. 1b) and AMSCs 
treated group (IV) (Fig. 1c) showed the presence of 
PKH26 labeled stem cells in islets of Langerhans and in 
some pancreatic acini. 

Hematoxylin and Eosin stained pancreatic 
sections:

Control group revealed normal structure of 
the endocrine and exocrine parts of the pancreas                                         
(Fig. 2a). The diabetic group revealed vacuolations of 
most of islet cells, the nuclei were small condensed and 
darkly stained. Congested capillaries were noticed. The 
exocrine pancreas showed congested blood vessels and 
darkly stained condensed nuclei of some acinar cells                                                                                                   
(Figs. 2 b and c). Few islets cells of the sections of 
group III showed vacuolations and small darkly stained 
condensed nuclei while very few acinar cells showed 
darkly condensed nuclei (Fig. 2d). Sections of group IV 
showed a pancreatic structure (endocrine and exocrine 
parts) nearly similar to that of the control group except 
for the presence of very few small darkly stained 
condensed nuclei in the islets of Langerhans (Fig. 2e).

Anti-insulin stained pancreatic sections:

Sections of control group revealed dense cytoplasmic 
immunoreactivity in most of the cells of the pancreatic 
islets of Langerhans (Fig. 3a). Sections of diabetic 
group revealed markedly diminished immunoreactivity 
detected mainly in the peripheral part of the islets that 
showed many vacuolated areas (Fig. 3b). Sections 
of group III revealed that many cells of the islets of 
Langerhans showed positive immunoreactivity (Fig. 3c). 
Sections of group IV revealed that most of the islets cells 
were positive for insulin immunostaining (Fig. 3d).

Anti-PCNA stained pancreatic sections: 

Sections of control group revealed no 
immunoreactivity (Fig. 4a) while sections of diabetic 
group revealed nuclear immunoreactivity that was 
detected in very few islet cells (Fig. 4b). Sections of group 
III revealed nuclear immunoreactivity in more islet cells 
and very few acinar cells (Fig. 4c). Group IV revealed 
abundant nuclear immunoreactivity that was detected in 
most islet cells, some acinar cells and endothelial cells 
lining the blood vessel present in-between the acini. 
Some immunoreactive nuclei were observed near the 
blood vessel closely related to the islets (Fig. 4d).

III- Morphometric results:

I- Mean area percent of insulin immunopositive 
cells (Table 2):

The mean area percent of insulin immunopositive 
cells of diabetic rats in group II were significantly 
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decreased when compared to control rats. Treated rats 
(groups III & IV) revealed a significant increase in the 
mean area percent of insulin immunopositivy two weeks 
after stem cell transplantation when compared to diabetic 
rats. Group IV demonstrated a significant increase versus 
group III but the insulin immunoexpression in it had not 
returned to the normal level and its mean area percent 
showed a significant decrease when compared with that 
of the control group.

II-Mean number of PCNA immunopositive cells             
(Table 3):

PCNA immunopositive cells were not detected 
in control rats. In treated rats of groups III & IV, it 
revealed significant increase two weeks after stem cell 
transplantation versus diabetic rats. It also showed 
significant increase in group IV than group III.

Table 1: The mean values (±SD) of random blood sugar level, 
expressed as mg/dl, of control and experimental subgroups at 
the end of the experiment.

Group Mean (mg/dl) ±SD

I A 90.2 ± 3.4

B 89.9 ± 4.5

C 91± 3.6

D 87.9 ± 4.9

II A 376.8 ± 8.8*

B 373.3 ± 8.7*

III 320.3 ± 10.2*□

IV 278.5± 6.3*□○

* P < 0.05 as compared to group I.
□ P < 0.05 as compared to group II.
○ P < 0.05 as compared to group III.

Table 2: The mean values (± SD) of area percent of insulin 
immunopositive cells in the control and experimental groups.

Group Mean Area Percent ±SD

I 12.6 ± 1.2

II 2.2 ± 0.71*

III 7.2 ± 0.72*□

IV 9.2 ± 1.1*□○

* P < 0.05 as compared to group I.
□ P < 0.05 as compared to group II.
○ P < 0.05 as compared to group III.

Table 3: The mean number (± SD) of PCNA immunopositive 
cells in the experimental groups.

Group Mean Number ±SD

II 2.2 ± 1.0

III 5.8 ± 0.78□

IV 10.2 ± 1.32□○

□ P < 0.05 as compared to group II.
○ P < 0.05 as compared to group III

Fig. 1: Photomicrographs of sections in the pancreas of albino 
rats show one islet (I) surrounded by many pancreatic acini (A) 
with absent PKH26 labeled stem cells in the control subgroup 
IC (a). PKH26 labeled BMSCs (S) in group III (b) and PKH26 
labeled AMSCs (S) in group IV (c) are seen in the islet (I) and 
some pancreatic acini (A).       
           (Fluorescent microscope image, x 200)
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Fig. 2: Photomicrographs of sections in the pancreas of albino rats showing an islet (I) rich in capillaries (c) surrounded by many pancreatic 
acini (A) in group I (a). Group II shows an islet (I) with congested capillaries (c) surrounded by many pancreatic acini (A). Most of islet 
cells show vacuolations (V). Other cells show small darkly stained condensed nuclei (arrows) (b & c). The exocrine part shows congested 
blood vessels (BV) & darkly stained condensed nuclei of some acinar cells (curved arrows) (c). The islet (I) with normal appearance of blood 
capillary (C) shows few cells with vacuolations (v) and small darkly stained condensed nuclei (arrow). Very few cells of the acini (A) show 
darkly stained condensed nuclei (curved arrow) in group III (d). In group IV, very few islet (I) cells show small darkly stained condensed 
nuclei (arrow). The islet is surrounded by many apparently normal pancreatic acini (A). Note the apparently normal blood capillaries (C) 
within the islet (e).                    (H&E, x400) 

Fig. 3: Photomicrographs of sections in the pancreatic acini (A) and islets (I) of albino rats showing dense cytoplasmic immunoreactivity 
(arrows) in most of islet cells in group I (a). Few cells with positive immunoreactivity are seen at the periphery of the islet of Langerhans 
(arrows). Many vacuolations can be seen (v) in group II (b). Dense cytoplasmic immunoreactivity (arrows) is detected in many islet cells in 
group III (c) and in most of islet cells in group IV (d).           (Anti-insulin Immunostaining x400)
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Fig. 4: Photomicrographs of sections in the pancreatic acini (A) and islets (I) of albino rats showing negative nuclear immunoreactivity in all 
islet cells in group I (a). Very few immunoreactive nuclei (arrows) are seen in islet cells in group II (b). Some islet cells and very few acinar 
cells show immunoreactive nuclei (arrows) in group III (c) while in group IV (d) the immunoreactivity is detected in most islet & some acinar 
cells (arrows). It is also shown near the blood vessel (BV) closely related to the islet and in its lining endothelial cells (arrows) (d).  
                (Anti-PCNA Immunostaining x400)

DISCUSSION                                                                  

In the current study, Three days following STZ 
administration, diabetes was induced as the blood 
sugar level of the rats was above 200 mg/dl[21]. The 
induced diabetes was similar to the T-cell-mediated 
autoimmune type I diabetes[25]. The islets of Langerhans 
showed congested blood capillaries and most of the 
cells had vacuolations in their cytoplasm revealing 
cellular necrosis. Some cells showed features of 
apoptosis; cells with small darkly stained condensed 
nuclei (pyknotic nuclei). These findings coincide 
with a recent research that reported the degeneration 
of β -cells of islets of Langerhans following STZ 
injection[29]. These observations could explain the 
persistent elevation of the random blood sugar level 
and the significant decrease in the mean area percent 
of insulin positive reaction in the diabetic group versus 
the control group detected in the current study. These 

findings are similarly reported by a more recent study[21] 
where the blood glucose level in the diabetic group 
was significantly higher when compared to the control 
group and insulin reactivity was markedly decreased in 
both immunohistochemical and immunofluorescence 
stained sections. 

In this study, the exocrine pancreas was also 
affected following STZ administration in the 
diabetic rats. It showed congested blood vessels & 
darkly stained condensed nuclei of some acinar cells 
(pyknosis). These findings are in line with those stated 
in recent studies[30,31] where vacuolations and pyknotic 
nuclei of some acinar cells with dilatation, thickening 
and congestion of the blood vessels were detected. The 
mechanism of exocrine pancreas affection in diabetic 
rats was not clear. However, this affection could be 
assumed to occur due to either direct effect of STZ or 
secondary to the induced diabetes. 
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Streptozotocin was reported in previous studies 
[30,32] to increase the release of reactive oxygen species 
causing DNA damage and ATP depletion through 
activatation of poly ADP-ribose polymerase-1 
(PARP-1); the DNA repair enzyme that lead to ATP 
dephosphorylation. Moreover, STZ released toxic 
amounts of nitric oxide that participated in DNA 
damage. These STZ effects could result in degeneration 
of islet β cells & pancreatic acinar cells.

It was also assumed that the exocrine pancreas 
affection might be due to diabetes itself. This 
suggestion was based on a more recent study[31] which 
mentioned that diabetes resulted into oxidative stress 
and cellular damage due to disturbance in the oxidative/
anti-oxidative balance. This disturbance resulted from 
increased production of oxygen free radicals through 
autoxidation of glucose, peroxiadation of lipids and 
glycosylation of proteins occurred secondary to 
persistent hyperglycemia accompanying diabetes. In 
addition to, diminished anti-oxidant activities caused 
by diabetes. Further support to this assumption was the 
presence of insulin receptors on the pancreatic cells, 
especially the acinar cells that controlled the activities 
of the exocrine part of the pancreas. On top of the 
evidence of human exocrine pancreatic dysfunction in 
diabetes, especially type I where the pancreas might 
be atrophied with fatty infiltration. Furthermore, the 
dramatic fall in the exocrine pancreatic activity as a 
part of the acute effects of STZ-induced diabetes type 
I in experimental animals[33]. 

Through interpretation of the results of the 
current study, it would be appropriate to assume that 
both BMSCs and AMSCs could ameliorate β -cells 
and acinar cells degeneration induced by STZ. The 
H& E stained sections revealed apparently normal 
histological structure of the islets of Langerhans and 
pancreatic acini with minimal affection in the treated 
groups (III &IV). These findings are similar to what 
was detected in previous studies[3,34] where BMSCs 
transplantation group had nearly normal islets of 
Langerhans. In addition further support could be 
attained by a former study[14] which reported that 
intravenous injection of AMSCs decreased the islets 
cells degeneration induced by STZ, lowered the 
fasting blood glucose and increased insulin secretion 
by β -cells when compared to the diabetic group. This 
could be enforced in the present work by the abundant 
positive insulin immunoreaction and the significant 
increase in its mean area percent in islets β –cells in 
the treated groups (III and IV) in comparison with the 
diabetic group (II). Additionally, there was significant 
decrease in the mean value of RBS level in these 
groups versus the diabetic group. 

The preservation of the pancreatic islets of 
Langerhans by mesenchymal stem cells either of bone 

marrow or adipose tissue origin detected in the treated 
groups (III and IV) was suggested to occur through 
two theories. The first one was assumed to involve 
paracrine mechanisms by expressing trophic and 
immunomodulatory factors. These trophic factors such 
as growth factors, anti-apoptotic, immunomodulatory 
and angiogenic factors would be capable to regenerate 
the injured tissues even if the stem cells didn’t home 
in them[35,36]. This assumption was supported in the 
present work by the increase in cellular proliferation 
of the pancreatic islets, acini and blood vessels 
detected by increased PCNA positive immunostaining 
and the significant increase in the mean number of 
PCNA positive nuclei in the stem cell treated groups                                                                                                                     
(III and IV) than in the diabetic group. This 
supposition could occur through change in the 
tissue microenvironment which was considered 
the most important mechanism of action of the 
mesenchymal stem cells[37]. This change could 
explain the ability of human BMSCs to treat the 
autoimmune type of diabetes (type I)[38] most 
probably through the ability of BMSCs to stop anti 
β -cells specific T-cell proliferation in the pancreas. 
Furthermore they could protect the newly formed                                                                                                                                      
β -cells from being destroyed by T-cells through 
secretion of immunomodulatory factors[34]. Noteworthy 
is that the preserving effect of the paracrine mechanism 
of the mesenchymal stem cells was suggested to extend 
to involve not only the function of the β -cells but also 
the sensitivity of the tissues to insulin, especially the 
skeletal muscles. This occurred through increasing the 
phosphorylation of the insulin receptor substrate-1and 
protein kinase B[39,40]. 

The second theory of the pancreatic preservation 
by the mesenchymal stem cells might be through their 
differentiation into β -cells of islets of Langerhans. 
Some studies found that the stem cells survived and 
differentiated into β -cells with subsequent increase in 
the number and size of islets of Langerhans[21,41]. This 
theory was supported in the current study by homing 
of the PKH26 labeled BMSCs and AMSCs, two weeks 
after their intravenous injection, into the pancreas of 
the treated groups (III and IV), respectively. Such 
homing could be explained by expression of certain 
chemokines receptors (CXCR4) by BMSCs. The 
ligand of this receptor, stromal cell derived factor-1                          
(SDF-1), was expressed by several tissues and 
upregulated by injury or ischemia[42]. This theory was 
opposed in a previous study[43] which reported that in 
the stem cells treated group, GFP (green florescent 
protein) and Y chromosome positive BMSCs were 
found only in blood, lymphatic and interstitial cells of 
the pancreas not in the islets cells.

The current study assumed that transplantation 
of AMSCs gave better results than transplantation 
of BMSCs in the treatment of diabetes type I. This 
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assumption based on that RBS was significantly 
decreased in AMSCs treated group than in BMSCs 
treated group. In addition to the mean area percent 
of insulin positive immunoreaction, where it showed 
significant increase in AMSCs treated group (IV) than 
in BMSCs treated group (III). Further enforcement to 
this assumption was the significant increase in the mean 
number of PCNA positive immunoreaction in AMSCs 
treated group than in BMSCs treated group. This could 
be explained by the ability of AMSCs to secrete more 
trophic factors than BMSCs[44]. Furthermore, AMSCs 
were proved to have higher proliferative capacity 
and faster tendency to form colonies in vitro than 
BMSCs especially in short term cultures. However, in 
cultures more than 60 days, they lost their proliferative 
capacity which was retained by BMSCs. This 
could make AMSCs less tumorigenic than BMSCs 
where low but detectable telomerase activity was 
found[45]. Moreover, AMSCs were proved to be more 
powerful than BMSCs in inhibition of lymphocytic 
proliferation [46] and prevention of activation of                                                                                                  
CD4+ & CD8+ T-cell and CD56+ natural killer (NK) 
cells[47]. This could make AMSCs more effective 
than BMSCs in treatment of diabetes, especially 
the T-cell-mediated autoimmune type I diabetes. In 
addition, AMSCs were known by their safety, efficacy, 
abundance and ease harvesting and obtaining from 
discarded adipose tissue during surgery without ethical 
debate[48,49].

Although AMSCs in the current study was better 
than BMSCs in improving induced diabetes type I, the 
mean area percent of insulin was significantly decreased 
than that of the control group. Such finding might 
explain the significant increase and non-return of RBS 
to normal level in group IV when compared to control 
group. The low insulin secretion detected in group 
IV might be explained by the small number of stem 
cells reaching the pancreas after their transplantation. 
Hence, the attraction of the stem cells to the site of 
injury mediated by stem cells’ chemokines and their 
injured tissue ligands might be not enough to attract 
sufficient amount of stem cells to the site of lesion to 
restore normal conditions [50].

CONCLUSION                                                            

As STZ-induced diabetes detected in the present study 
was considered as a model for type I diabetes, it would be 
appropriate to conclude that intravenous administration of 
mesenchymal stem cells (BMSCs & AMSCs) could be used 
in treatment of diabetes type I. The use of AMSCs could be 
more effective than BMSCs due to their better preservation 
of the pancreatic tissues. Such superior preservation was 
based on more histological conservation of the pancreas, 
lower RBS level and more insulin secretion in AMSCs 
treated group than BMSCs treated group.
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الملخص العربى

تأثير الخلايا الجذعية الوسيطة المستخلصة من نخاع العظام مقارنة بالمستخلصة من النسيج الدهنى 
على البنكرياس المصاب بداء السكري من النوع الأول المستحث بالإستربتوزوتوسين في ذكور 

الجرذان البالغة )دراسة نسيجية( 

عبير إبراهيم عمر والشيماء جمال أبو الخير

قسم الهستولوجيا - كلية الطب - جامعة القاهرة - القاهرة - مصر

المقدمة: داء السكري مشكلة صحية كبيرة تصيب أكثر من 200 مليون في جميع أنحاء العالم. العلاج المثالي للنوع الأول من 
داء السكري الناتج عن المناعة الذاتية هو تجديد خلايا بيتا الذاتية والتي يمكن تحقيقها من خلال زرع الخلايا الجذعية الوسيطة.

الهدف: هذا العمل يهدف إلى مقارنة تأثيرالحقن الوريدي للخلايا الجذعية الوسيطة المستخلصة من نخاع العظام و المستخلصة 
من النسيج الدهنى على النوع الأول من داء السكري المستحث بالإستربتوزوتوسين في جرذان ويستار.

مواد وطرق البحث: تم تقسيم خمسين من ذكور جرذان ويستار إلى 4 مجموعات؛ الضابطة، والمصابة بالسكري، والمعالجة 
بالخلايا الجذعية الوسيطة المستخلصة من نخاع العظام ،والمعالجة بالخلايا الجذعية الوسيطة المستخلصة من النسيج الدهنى. 
النسيج  المستخلصة من  أو   ، العظام  المستخلصة من نخاع  الوسيطة  الجذعية  الخلايا  المعالجة ١ مل من  المجموعات  أعطيت 
الدهنى و المعلمة بال ب ك ه ٢٦ و المعلقة في الملح المخفف بالفوسفات، على التوالي عن طريق الوريد. تم التضحية بالحيوانات 
من جميع المجموعات بعد أسبوعين من إعطاء الخلايا الجذعية. تم فحص شرائح من المجموعات الضابطة و المعالجة بواسطة 
المجهر الفلوروسنتي. وتم صباغة شرائح من جميع المجموعات هستوكيميائيا لتحديد الانسولين و المستضد لنواة الخلية المتكاثرة. 

تم قياس متوسط المساحة المئوية للتفاعل الايجابي للانسولين و المستضد لنواة الخلية المتكاثرة وتحليلها احصائيا.
النتائج: أظهرت الجرذان المصابة بالسكري موت الخلايا وإحتقان الأوعية الدموية في كل من غدد البنكرياس المفرزة والصماء. 
وكشفت المجموعات المعالجة عن توطن الخلايا الجذعية في البنكرياس بعد زرعها. وعلاوة على ذلك، ظهرت الانسجة شبه 
طبيعية في المجموعة التي تلقت العلاج بالخلايا الجذعية الوسيطة المستخلصة من النسيج الدهنى. عكست الدراسة الهستوكيميائية 
بالسكري  المصابة  بالمجموعة  مقارنة  المتكاثرة  الخلية  لنواة  المستضد  و  الانسولين  زيادة  عن  المعالجة  للمجموعات  المناعية 
و ظهرت المزيد من الزيادة في المجموعة المعالجة بالخلايا الجذعية الوسيطة المستخلصة من النسيج الدهنى عن المجموعة 

المعالجة بالخلايا الجذعية الوسيطة المستخلصة من نخاع العظام.
الخلاصة: الحقن الوريدي للخلايا الجذعية الوسيطة المستخلصة من النسيج الدهنى قد تكون أكثر فاعلية عن الخلايا الجذعية 

الوسيطة المستخلصة من نخاع العظام في علاج النوع الاول من داء السكري المستحث بالإستربتوزوتوسين.


