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Diabetes mellitus has now assumed epidemic proportions in many countries of the world. It is now taking its place as one of the main 
threats to human health in the 21st century. It is characterized by elevated serum glucose levels resulting from defect in insulin production, 
secretion or both. Bone marrow-derived mesenchymal stem cells are multipotent stroma cells which can provide a promising treatment in 
tissue regeneration. The aim of this work is to explore the possibility of  mesenchymal stem cells to generate  new sources of beta cells. Fifty 
male albino rats were  divided into five groups. Group 1 served as control. Groups 2, 3, 4 and 5 served as diabetic rats by single subcutaneous 
injection of streptozotocin (35 mg/ kg.b.w.). Group 3 was treated with insulin daily , group 4 was treated with single dose of 2x106 stem 
cell and group 5 was treated with combined treatment. After 40 days, all the animals were sacrificed and blood samples were collected to 
measure glucose and insulin levels. Pancreatic tissue was removed in order to examine the changes in the pancreatic islets and determine 
their area and diameter by image analysis. All this data was statistically analyzed. Diabetic group showed highly significant increase in 
glucose level and high reduction in insulin level, pancreatic islet size, diameter, number and area. In group 4 there was an increase in insulin 
level, pancreatic islet diameter, area and size meanwhile in the insulin and combined groups no changes occurred. In conclusion, stem cell 
therapy has the ability to reduce blood glucose level in diabetic rats and restore the function of islet beta cells.

Introduction 
The pancreas is a mixed exocrine and endocrine gland that controls 
many homeostatic functions. The exocrine pancreas consists of 
acinar cells and the ductal epithelium, while the endocrine pancreas 
consists of four cell types (α-, β-, δ-, and pancreatic-polypeptide cells). 
Pancreas controls body metabolism, including the digestion of foods 
by exocrine enzymes secreted from acinar cells and the regulation of 
blood glucose levels by insulin secreted from β-cells (Noguchi, 2009).
Within the pancreatic islet, beta –cells transcribe the gene encoding 
insulin, and subsequently process and secrete insulin, in response to 
circulating glucose. Dysfunction of beta cells has profound metabolic 
consequences leading to hyperglycemia and diabetes mellitus (Hu et 
al., 2012).
Insulin is synthesized in the beta cells of pancreas inthe form of 
preproinsulin which is the ultimate precursorand its gene is located 
on chromosome 11 closeto that of insulin like growth factor-2 (IGF-2)
within a minute after synthesis it is discharged intocisternal space of 
rough endoplasmic reticulum where it iscleaved into proinsulin by 
proteolytic enzymes. Proinsulinwith a C (connecting) chain linking A 
and B chains isthen transported by microvesicles to the Golgi apparatus 
(Joshi et al., 2007). Barron noted in 1920 that ligation of the pancreatic 
duct, with destruction of the exocrine   pancreas, only resulted in 
diabetes if the islets, named by Dr. Langerhans in 1869 (Barron, 1920), 
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were also destroyed (Langerhans, 1869). Subsequently, the work 
of Banting, Best, Collip and Maccleod in the early 1920’s resulted in 
the identification of a substance in extracts of pancreas that had the 
remarkable ability to reduce blood glucose levels in diabetic animals 
(Bliss, 1982) and by 1923 these pancreas extracts were being used to 
successfully treat diabetic patients. Insulin regulates a host of other 
cellular processes, such as protein and fat synthesis, RNA and DNA 
synthesis, as well as cell growth and differentiation.Intensive insulin 
therapy, on the other hand, because of its advantage in controlling 
blood glucose rapidly in a stable manner, has been widely used in 
clinics (Chons et al., 2010). It can also partilly improve islet beta cells 
function and endogenous secretion of insulin in different phases of 
type II diabetes mellitus (TIIDM), and decrease the insulin resistance 
index (Chons et al ., 2010).
Insulin is an anabolic hormone as well, that promotes lipid synthesis 
and suppresseslipid degradation. In addition to promoting lipogenesis 
in the liver, insulin also stimulates lipid synthesisenzymes (fatty acid 
synthase, acetyl-coenzyme Acarboxylase) and inhibits lipolysis in 
adipose tissue.The anti-lipolysis effect of insulin is primarily mediated 
by inhibition of hormone-sensitive lipase (Mealey and Ocampo, 
2007). It is secreted by the B cell of the pancreasdirectly into the 
portal circulation. It suppressehepatic glucose output by stimulating 
glycogen synthesis and inhibiting glycogenolysis and gluconeogenesis, 
thus decreasing the flow of gluconeogenicprecursors and free 
fatty acids to the liver. In type 2diabetes, increased rates of hepatic 
glucose production result in the development of overt hyperglycemia, 
especially fasting hyperglycemia (Defronzo et al., 1992). Under 
basal conditions approximately 50% of allglucose utilization occurs 
in the brain, which isinsulin independent. Another 25% of glucose 
uptakeoccurs in the splanchnic area (liver and gastrointestinal tissues) 
and is also insulin independent (DeFronzo et al., 1985).
The remaining 25% of glucose metabolism in thepost-absorptive state 
takes place in insulin-dependent tissues, primarily muscle (DeFronzo 
et al., 1981). Approximately85% of endogenous glucose production is 
derivedfrom the liver, and the remainder is produced by thekidney. 
About half of basal hepatic glucose production is derived from 
glycogenolysis and half fromgluconeogenesis (Ekberg et al., 1999).
DM is a chronic metabolic disorder affecting approximately 4% of 
the population worldwide and it is expected to increase to 5.4% in 
2025(Zhou et al., 2009), the increasing rate of diabetes is expected to 
continue, with projections of 29 million total diagnosed cases by 2020 
and 48 million cases by 2050 (Narayan et al., 2006), it is associated 
with disturbances of carbohydrate, fat and protein metabolism (Kim 
et al., 2006). The global prevalence of Diabetes mellitus (DM) in the 
year 2010 among adults has been estimated to be 6.4%. It is estimated 
that by the year 2030, Egypt will have at least 8.6 million adults with 
diabetes (Shaw et al., 2010). Diabetes is the eleventh most important 
cause of premature mortality in Egypt, and is responsible for 2.4% of 
all years of life lost. Similarly, diabetes is the sixth most important 
cause of disability burden in Egypt (National Center of Health and 
Population, 2010).
DM is chronic disorder, associated with long term complications, 
including retinopathy, neuropathy, angiopathy and nephropathy. It 
is considered to be a major risk factor for cardiovascular disorders as 
ischemic heart disease, cerebral stroke and peripheral arterial diseases 
leading to increased mortality of diabetics (Kristova et al., 2008).
 There are two major forms of diabetes: type I and type II diabetes 
mellitus.The World Health Organization (WHO) and the American 
Diabeties Association have proposed that type I diabetescan be divided 
into autoimmune /immune-mediated diabetes (Type IA) and idiopathic 
diabetes with B-cell destruction (Type IB). This type of diabetes 

mellitus requires exogenous insulin to prevent diabetic ketoacidosis 
(AmericanDiabetesAssociation,2001). Type IA diabetes mellitus is 
primarily dueto autoimmune-mediated destruction of pancreatic 
B cellislets resulting in absolute insulin deficiency. Type IB diabetes 
mellitus is also characterized by insulin deficiency and atendency to 
develop ketosis; however, individuals with type1B diabetes mellitus 
lack the immunologic marker indicative of an autoimmune destructive 
process of B cells (Tripathi and Srivastava, 2006).
Peoplewith type I diabetes must take exogenous insulin for survival to 
prevent the development of ketoacidosis. Its frequency is low relation 
to type II diabetes, which accounts for over90% of cases globally. Type 
I diabetes mellitus (TIDM) is an autoimmune disease through which 
the patient’s immune system loses the immunologic tolerance against 
beta cells antigens ,resulting in an immune response against the islets 
which involves CD8+ and CD4+ cells. Such process results in insulitis , 
an inflammatory process which causes the destruction of pancreatic 
beta cells , there by eliciting insulin therapy as the treatment for T1DM 
(Notkins and Lernmark, 2001).
Type II diabetes is characterized by insulin resistance and/or abnormal 
insulin secretion and increased glucose production. Distinct genetic 
and metabolicdefects in insulin secretion/action give rise to the 
commonphenotype of hyperglycemia (Tripathi and Srivastava, 2006).
Typically, type II diabetic patients are obese and maypresent 
with neuropathic or cardiovascular complications, hypertension, 
or microalbuminuria. Becausetype 2 diabetes can remain 
undiagnosed for manyyears, these patients may have significant 
diabeticcomplications even at the time of initial diagnosis(Mealey 
and Ocampo, 2007).The chronic complications of diabetes mellitus 
affect manyorgan systems and are responsible For the majority of 
morbidity and mortality. Chronic complications can be divided into 
vascular and non vascular complications. The vascular complications 
are further subdivided into microvascular(retinopathy, neuropathy, 
and nephropathy) and macrovascular complications (coronary artery 
disease, peripheralvascular disease, and cerebrovascular disease). 
Non vascularcomplications include problems such as gastroporesis, 
sexual dysfunction, and skin changes. As a consequence of itschronic 
complications, DM is the most common cause ofadult blindness, a 
variety of debilitating neuropathies, and cardiac and cerebral disorders.
Treating the complicationsof diabetes costs more than controlling the 
disease (Mealey and Ocampo, 2007).
Standard treatment strategies in type I diabetes are based on different 
schemes of insulin replacement administered through an injectable 
form combined with careful blood glucose monitoring. However, 
good metabolic control is difficult to reach and frequently associated 
with severe hypoglycaemic episodes, as exogenous insulin cannot 
mimic exactly the physiology of insulin secretion.Therefore a major 
goal of future diabetes therapy would be to promote proficient 
strategies of overcoming autoimmunity, and improving endogenous 
insulin secretion, based on beta cell regeneration (Farge etal ., 2008).
 Cell therapy, principally islet transplantation, is one important area of 
research for improved therapy for diabetes. Although some progress 
has been reported in islet transplantation, it has been hampered by 
immune rejection as well as by the limited availability of transplantable 
donor islets.Recently, several reports have demonstrated that 
stem cells possess broad differentiation ability. This has led many 
investigators to investigate the potentials of their therapeutic 
applications. Recent studies have shown that adult bone marrow-
derived stem cells have the ability to differentiate into a number of 
cell types such as blood, liver, lung, skin, muscle, neuron and insulin 
producing cells (Moriscot et al ., 2005).
During pancreatic development, stem cells have a central role in 
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generating endocrine, acinar and duct cells (Sadler, 2006). Pancreatic 
stem cells are powerful tools for future cell therapy for diabetes, 
pancreatic carcinoma and chronic pancreatitis (Seaberg et al., 2004). It 
has been shown that pancreatic tissue is able to regenerate in several 
species of mammals after surgical insult (Hayashi et al., 2003)and is 
also known to have the potential to maintain or increase its beta-cell 
mass in response to metabolic demand during pregnancy and obesity  
(Rosenbrg et al., 1998). In this regard pancreatic stem or progenitor 
cells may offer a promising therapeutic approach for diabetes (Mckay, 
2000).
Stem cells (SC) have the unique function of asymmetric division i.e., 
they are capable of self-renewing and the generation of other identical 
cells. They are undifferentiated cells that perpetuate throughout the 
body and are responsible for regeneration of all tissues in adults and 
are also responsible for tissue morphogenesis in embryos. Such cells 
may be obtained from the fetus, the umbilical cord, the bone marrow 
and may also be deployed by peripheral blood and even from different 
somatic tissues (Fischbach and Fischbach, 2002).
Besides bone marrow and human cord blood, adipose tissue showed 
to be a high-throughput source for Human mesenchymal stem cell 
(hMSCs) (Ohmura et al., 2010). More over, the capability of adipose 
tissue-derived stem cells (ASCs) to improve survival and function of 
transplanted islets was demonstrated after hybrid transplantation 
under the kidney capsule of mice (Fiaschi et al., 2008). Compared to 
other stem cell sources, such as haematopoietic stem cells (HSC), or 
stem cell population from liver , spleen and pancreas, the mesenchymal 
stem cells seem to be a promising source for overcoming autoimmunity 
in type1 diabetes, because of their abilites of transdifferentiation 
towards various cell lines, including endodermal lines,and their 
particular immunosuppressive capacities (Dazzi, 2007).  
Their identification as MSC relies upon the ability of the cells to 
differentiate (in vitro) into multiple lineage. Although no specific 
membrane marker has ever been identified on MSC, several 
phenotypical and characteristics have allowed their identification 
and enrichment. MSC express several surface antigens, such 
CD73,CD90,CD105,DC146 and even the recently described CD200, 
integrins and adhesion molecuoles, as MSC are non haematopoetic 
markers such as CD34,CD14 and CD45 (Silva, 2003).
After implantation, stem cells transmigrate to the islet in response 
to the direction of damage signals and repair the damaged beta cells 
by the secretion of a variety of cytokines such as: VEGF and IGF-1, 
IGF-1 secreted by MSCs in the bone marrow plays an important role 
in reducing diabetic hyperglycemia. It can directly reduced blood 
glucose through its action as a polypeptide protein hormone, similar 
to insulin in molecular structure (Hu et al., 2012). (Chen et al ., 2004) 
found that Islet-like functional cells can be differentiated from marrow 
mesenchymal stem cells, which may be a new procedure for clinical 
diabetes stem -cell therapy, these cells can control blood glucose level 
in diabetic rats. MSCs may play an important role in diabetes therapy 
by islet differentiation and transplantation.
According to (Voltarelli and Couri, 2009) high dose immunosuppression 
followed by autologous hematopoietic stem cell transplantation is 
able to induce complete remission (insulin independence) in most 
patients with early onset type 1 diabetes mellitus.(Dong et al., 2008) 
found that allogeneic MSCs transplantation can reduce blood glucose 
level in recipient rats. A relatively small quantity of transplanted 
diabetic MSCs survive and transdifferentiate into insulin-producing 
cells in the pancreas of recipient rats. Upon transplantation these cells 
initiate endogenous pancreatic regeneration by neogenesis of islet of 
recipient origin.

Menget al., (2013) found that transplantation of allogenic MSCs in 
diabetic rats can reduce the blood glucose level in a short period, and 
apparently promoted the regeneration of the injured islets. However, 
the transplantation strategies need to be optimized to improve the 
survival of the transplanted MSCs in vivo and suppress α cell abnormal 
proliferation.
Both insulin-producing cells derived from stem cells and islet cells 
extracted from donor pancreata provide the hope of sufficiently tight 
control of blood glucose, being thus capable to prevent the diabetic 
late complications that current diabetes drug therapies have been 
almost impossible to avoid. Whatsoever, stem-cell-based therapy 
is much different from traditional islet cell transplantation therapy 
(Farge et al., 2008). Several methods have been used to induce 
diabetes mellitus in laboratory animals with variable success and many 
difficulties. Surgical removal of the pancreas is an effective method; 
however, to induce diabetes, at least 90-95% of the pancreas has to be 
removed (Akbarzadeh et al., 2007).
The diabetogenic action of pure anterior pituitary growth hormone 
in cats has already been described (Costes et al., 1949). The repeated 
administration of growth hormone in adult dogs and cats induces 
intensive diabetes with all symptoms including severe ketonuria and 
ketonemia while rats do not show any sign of diabetes on a similar 
treatment, but grow faster (Young et al., 1941). Cortisone can induce 
hyperglycemia and glucosuria in treated rats (Ingel, 1941). In the 
guinea pig and in the rabbit, experimental corticoid diabetes could 
be obtained without forced feeding (Abelove and Paschkis, 1994). 
In the rat, the adrenal cortex, stimulated by corticotrophin has the 
capacity to secrete amounts of steroids which induce steroid diabetes 
(Ingel, 1941). Virus infections and beta-cell specific autoimmunity may 
induce juvenile-onset (type I) diabetes mellitus (Craighead, 1978) 
Infection and destruction of pancreatic beta-cell by D-variant of 
encephalomyocarditis virus (EMC-D) induce diabetes (Vialettes et al., 
1946).
Streptozotocin (STZ) (2-deoxy-2-({[methyl (nitroso) amino] carbonyl} 
amino)-β-D-glucopyranose) is a naturally occurring compound, 
produced by the bacterium Streptomyces achromogenes(Varva et al., 
(1959/1960). It is a pancreatic beta cell toxin that induces rapid and 
irreversible necrosis of beta cells (Junod et al., 1967). The diabetogenic 
action of STZ is the direct result of irreversible damage to the 
pancreatic beta cells resulting in degranulation and loss of capacity to 
secret insulin (Gu et al., 1997).
To develop animal models of diabetes mellitus, streptozotocin has 
been commonly used to induce not only animal models of IDDM (Rerup, 
1970) but also NIDDM with hypoinsulinemia by STZ administration to 
neonates (Wang et al., 1994).  It has been reported that it is capable 
of producing mild to sever types of diabetes according to the dosages 
used when it is given to animals by either single intravenous or 
intraperitoneal injection (Junod et al., 1967).
STZ induced DM in many animal species has been reported to resemble 
human hyperglycemic non ketotic DM (Weir et al., 1981).This effect 
has been extensively studied and appears to be mediated through 
lowering of beta cell nicotainamide adenine dinucleotide (NAD+) and 
resultsin histopathological alteration of pancreatic islet beta cells 
(Karunanayake et al., 1974).
Arora et al., (2009) studied the characterisation of streptozotocin 
induced diabetes mellitus in Swiss albino mice and reported that 
multiple low doses of STZ 40 mg/kg, intra peritoneal to mice for five 
consecutive days have been found to be a suitable model to study of 
long term complications of diabetes.
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Materials And Methods
Experimental Animals
Fifty adult male albino rats weighing 170-200 gm were obtainedfrom 
the animal house of National Organization for Drug Control And 
Research (NODCAR) in Egypt.Albino rats were allowed to acclimatize 
for one week before the induction of diabetes mellitus (DM).The 
animals were kept on a 12 h light/dark cycle at room temperature and 
fed on standard pellets diets and water adlibitum.
Chemicals
Streptozotocin (STZ) was purchased from Sigma, Aldrich (St Louis, 
MO, USA).
Insulin used in the present work (recombinant DNA origin) is a 
crystalline suspension of human insulin with protamine and zinc 
(Humulin N insulin). All other chemicals used were of analytical grade.                                                                                                                                        
Preparation of bone marrow- derived mesenchymal stem cells from 
rats :
Bone marrow was harvested by flushing the tibiae and femurs of 
6-week-old male white albino rats with Dulbecco’s modified Eagle’s 
medium (DMEM, GIBCO/BRL) supplemented with 10% fetal bovine 
serum (GIBCO/BRL). Nucleated cells were isolated with a density 
gradient [Ficoll / Paque (Pharmacia)] and resuspended in complete 
culture medium supplemented with 1% penicillin–streptomycin (GIBCO/
BRL).Cells were incubated at 37 °C in 5% humidified CO2 for 12–14 days 
as primary culture or upon formation of large colonies. When large 
colonies developed (80–90% confluence), cultures were washed twice 
with phosphate buffer saline (PBS) and the cells were trypsinized 
with 0.25% trypsin in 1ml EDTA (GIBCO/BRL) for 5 min at 37 °C. After 
centrifugation, cells were resuspended with serum-supplemented 
medium and incubated in 50 cm2 culture flask (Falcon). The resulting 
cultures were referred to as first-passage cultures (Alhadlaq and Mao, 
2004) mesenchymal stem cell (MSC) in culture were characterized 
by their adhesiveness and fusiform shape (Rochefort etal., 2005).We 
also detected CD29 gene expression by (RT-PCR ) as a marker of MSC 
(Munoz etal ., 2006) .
Induction of Diabetes:
The rats were injected with streptozotocin (STZ) dissolved in citrate 
buffer (Ph 4.4) at a dose of 35 mg/Kg body weight subcutaneously. 
Diabetic state was confirmed on the tenth day and rats whose fasting 
plasma glucose (FPG) level > 200 mg/dl were considered to be diabetic.
Experimental groups:
. Group 1 (Control group) : consists of healthy rats (n=10). This group 
received a subcutaneous injection of similar volume of citrate buffer 
(2 ml/kg).
. Group 2 (Diabetic induced group) : rats induced with 35 mg/kg body 
weight streptozotocin subcutaneously and received no treatment.
. Group 3 (Insulin treated group ) : Ten days   post induction of 
diabetes mellitus, 0.1 ml (10-14 IU/ml) of diluted insulin was injected 
daily subcutaneously for 30 successive days.The diabetic rats were fed 
orally every day before insulin injection to avoid hypoglycemia.
. Group 4 (Stem cell treated group ) :Diabetic rats treated with a single 
dose of 2 x 106/0.5 ml of BMSCs  intrapertioneally (Meng et al., 2013).
. Group 5 ( Combined treatment group ) : Diabetic rats treated with 
single dose of 2 x 106 cells/0.5 ml of BMSCs intraperitoneally (Meng 
et al., 2013) and injected with (10-14 IU/ml) insulinsubcutaneouslyfor 3 

weeks then in the 4th week withdrawal of insulin was done. They were 
fed orally every day before insulin injection to avoid hypoglycemia.
Histological Studies:
After four weeks, The animals were sacrificed, and the pancreas was 
taken and fixed in 10% formalin. The specimens were dehydrated 
in ascending grades of ethanol, cleared in xylene and embedded in 
paraffin wax. Section of 5µm in thickness were prepared and stained 
with haematoxylin and eosin(Bancroft et al., 1996) then examined 
under microscope.
Morphometrical analysis:                                 
Morphometric studies on rat pancreatic islets were done using 
Image Proplus 5.0 software with Olympus microscope (acx-31). Area 
and diameter of the pancreatic islets were measured and results 
represented in micrometer and compared with positive control for 
statistical significance (Jayasri et al., 2008).
8 - Detection of homing of injected cells at rat pancreatic tissue:
After fourty days, pancreatic tissue was examined with a fluorescence 
microscope to detect the cells stained with PKH26 dye to ensure 
homing and trace the injected cells in the pancreatic tissue after 
injection.
Biochemical parameters: 
Blood was withdrawn in sterilized tubes from the retro-orbital 
plexuses puncture by sterile heparinzed capillaries  from each rat of 
all groups, and then centrifuged at 4,000 rpm (round per minute) for 
20 minutes. Plasma was separated and stored at -4°C.Plasma glucose 
level was estimated by GOD-POD method of Tietz method and  insulin 
level was  estimated by Enzyme-linked Immune Sorbent Assay (ELISA) 
kit (Sacks 1994)
Statistical analysis:
Data were analyzed using SPSS (Version 18.0, SPSS Inc). Data 
are presented as mean ±Standard Error (SE). Differences 
among groups were determined with one-way ANOVA analysis. 
Differencebetweenspecific groups was performed with student’s test. 
Differences were considered significant at a two tailed P<0.05 (Dong 
et al., 2008).
Results
Biochemical parameters:
There was  highly significant increase of fasting blood glucose ( FBG)  
(328±24.6) mg/dl while highly significant decrease of insulin level 
(0.672±.016) µl/ml was found  in diabetic induced gp when compared 
to control gp (97.8±4.2 mg/dl, 0.826±0.029 µl/ml ) respectively. After 
treatment with insulin, there was very highly significant decrease 
of FBG in insulin treated gp (113.7±4.5)mg/dl when compared to the 
diabetic induced gp (328±24.6) mg/dl while insignificant change in 
insulin levels (0.698±0.054) µl/ml, when compared with insulin level 
in diabetic induced gp (0.672±0.016) µl/ml. After treatment with stem 
cell , there was significant decrease of FBG (181.25±34.2) mg/dl and 
very highly significant increase of insulin levels (1.21±0.031µl/ml)  levels 
compared to diabetic control gp (328±24.6 mg/dl, 0.672±0.016 µl/ml) 
respectively.  After treatment with combination of insulin and stem 
cell, there was very highly significant decrease of FBG (146.1±26.2) 
mg/dl and insignificant change of insulin levels (0.83±0.062) µl/ml 
in combined treated group when compared to diabetic control gp 
(328±24.6 mg/dl, 0.672±0.016µl/dl ) respectively.
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Fig(1): Histogram of plasma fasting blood glucoseFig(2): Histogram of plasma fasting blood insulin levels  levels in 
control,diabetic induced, insulin, stem cellin control,diabetic induced,  insulin, stem cell and and combined treatment 
groups. combined treatment groups.

Histological results: 
Control group: Light micrographs of sections of control pancreas 
of rats showed that the pancreas is considered as exocrine and 
endocrine tissue. The exocrine tissue consists of closely packed acini 
with connective tissue in between. The acinar cells of the acini were 
pyramidal in shape with very small acinar lumen. They have rounded, 
basally located nuclei and cytoplasm characterized by presence of 
zymogen granules.The duct was seen variable in size and lined with 
flatted cells. The islets of Langerhans appeared as pale rounded or 
oval masses scattered between the acini and containing alpha and 
beta cells which could not be easily differeniated in Hematoxylin and 
Eosin (H&E) staining sections.
Diabetic induced group: Pancreatic tissues of STZ-induced rats 
revealed many pathological alternations in form of dilatation and 
congestion of most of pancreatic vasculature accompanied with 
perivascular edema and inflammatory reaction.Perifibrous tissues 
together with proliferated interstitial connective tissues and most of 
pancreatic islets display different pathological changes where many 
appeared with reduction in number, size and cellularity.This is besides 
many inspissated pancreatic ducts with fibrotic reaction around 

them. Few pancreatic islets display hyaline material deposites in and 
between islet cells.
Insulin treated group: Insulin given to STZ-diabetic group, produced 
slight improvement, in this group, interstitial haemorrhage and 
perivascular inflammation were seen accompanied with dilated 
blood vessels and inspissated ducts concerning pancreatic islets.Mild 
increase in number, size and celluarity was obvious.
Stem cell treated group: When stem cells were administrated to 
diabetic rats, congestion and dilatation of pancreatic vasculature were 
still observed. Also, interstitial and perivascular inflammation were 
seen.  However, notable signs of improvement in the pancreatic islets 
could be seen, where number and size of those islet were significantly 
higher compared to STZ-group.
Combined treatment group: Diabetic –STZ rats which received both 
stem cells and insulin produced insignificant histological change 
compared to stem cell or insulin alone where most of the lesions 
observed in this group as inflammation, edema and dilated congested 
blood vessels. Islets with reduction in size, cellularity and vacuolation 
in and between islet cells were detected .

Fig (3): A photomicrograph of pancreatic tissue : A ) of STZ treated rat showing: congested dilated pancreatic duct with passing secretion 
(arrow) and inflammatory cells (arrow head) (H&E) (X: 400).B )of insulin –treated diabetic rat showing: inspiciated pancreatic duct 
(PD), inflammatory cells (arrow), pancreatic islet reduced in size and cellularity (arrow head) (H&E) (X: 400).C )of Stem cell–treated 
diabetic rat showing: pancreatic islet restoring normal size and cellularity (arrow), intact acini (A) (H&E) (X: 400).D )of combined–
treated diabetic rat showing: moderate pancreatic islet surrounded with acini (arrow) (H&E) (X: 400).
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- Morphmetrical analysis:(Fig4,5)
There was highly significant decrease of area and diameter of the 
pancreatic islet in diabetic control gp (40.08±1.64µm2, 10.35±0.450 
µm) when compared to control gp (49.9±3.25 µm2, 14.70±0.901 µm) 
respectively.  After treatment with insulin, There were insignificant 
change in the area and diameter (43.62±3.18 µm2, 10.50±0.456 µm) 
of pancreatic islet compared to diabetic control gp (40.08±1.64 µm2, 

10.35±0.450 µm) respectively. Meanwhile the treatment with stem 
cell revealed very highly significant increase in area and diameter 
(55.8±3.18 µm2, 15.50±0.620 µm) of pancreatic islet compared to 
diabetic control gp (40.08±1.64 µm2, 10.35±0.450 µm) respectively.  
In case of  the treatment with the  combined, there were significant 
increase in area and diameter (49.2±1.8µm2, 13.48±0.582µm) of the 
pancreatic islet compared to diabetic control gp (40.08±1.64 µm2, 
10.35±0.450 µm) respectively.
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             Fig (4 ):  Histomorphometric area of islet of pancreas                Fig(5): Histomorphometric diameter of islet of pancreas
                             in control, diabetic induced, insulin, stem cell and                     in control, diabetic induced, insulin, stem cell and
                                combined treatment groups.                                                             combined treatment groups.          

Discussion
Diabetes mellitus (DM) is a severe endocrine disease that includes a 
group of disorders of varying etiology and pathogenesis ( Amin et al., 
2011). The data from the Egypt Demographic And Health Survey 
(EDHS) 2008 showed the crude prevalence rate of physician diagnosed 
diabetes among the adult population of Egypt aged 15-59 to be 4.07%. 
(Hermanetal.,1999) had previously estimated that the prevalence of 
diagnosed diabetes in Egypt among adults in 1993 was 5.4%, while the 
step wise survey of Egypt of 2006 estimated the prevalence of known 
diabetes to be 6.0% ( Ellabany and Ahmed, 2010).  The vast majority of 
cases of diabetes fall into two broad etiopathogenetic categories 
namely type I and type II. In type I diabetes, patients suffer an absolute 
deficiency of insulin secretion. However, in the more prevalent 
category of type II diabetes, the cause is normally a combination of 
resistance to insulin action and an inadequate compensatory insulin 
secretory response (Frode and Medeiros, 2008, DiMenna et al 2018).  
The management of diabetes is an escalating global predicament and 
a cure has yet to be discovered. Insulin and other hypoglycemic agents 
control blood glucose level only when they are regularly administered. 
These treatments, however, have several disadvantages 
(Upadhyayetal.,1996).  So the present work was carried out to 
investigate the ability of stem cell therapy to restore the function of 
islet B cells and maintain blood glucose homeostasis for a longer time 
compared with insulin therapy. In the present study, streptozotocin 
(STZ) was used to induce diabetes mellitus. It was administrated 
subcutaneously in a single dose of 30 mg/Kg body weight while 
(Oscikaetal.,2000) used STZ in a dose of 50 mg/Kg body weight 
intravenously in rats to induce hyperglycemia. The data obtained in 
this study revealed a significant increase in fasting blood glucose level 
accompanied by significant reduction in insulin level when compared 
to normal non induced group which was treated with citrate buffer.  
(Westet al.,1996) found that two hours after injection of STZ, the 
hyperglycemia is observed with a conconmitat drop in blood insulin 
followed by hypoglycemia about six hours later due to decrease in 

blood insulin levels. The changes in blood glucose and insulin 
concentrations reflect abnormalities in beta cell function (Bedoyaet 
al., 1996, Marlon E. Cerf,2013). The fluctuations in the blood sugar 
might also be attributed to the sensitivity to streptozotocin that varies 
with species, strain, sex and nutritional state (Okamato, 1981).This 
data was supported by the work of (Punithavathi et al., 2011) which 
showed an increase in the blood glucose levels and a decrease in the 
plasma insulin levels. On the other hand, the results of the present 
study in the histological profile revealed several pathological 
alterations in the pancreatic vasculature and endocrine. High blood 
glucose level affects the pancreatic islets and leads to reduction in its 
number, size and cellularity which is confirmed by (Cortanet al., 1994) 
who reported that B cell degeneration is usually encountered in insulin 
dependent diabetes due to depletion of secretory stores of insulin in 
damaged cells. Also (Kloppelet al.,1984) reported that the degree of 
granulation of endocrine B cells correlates with their extractable 
hormone. On the other hand, inflammatory reaction, edema and 
perifibrous tissues are observed in pancreatic vasculature due to STZ 
free radical scavenger enzymes which enhance the production of 
superoxide. The latter has been implicated in lipid oxidation, DNA 
damage by nitric oxide and free radicals because of their low levels of 
free radicals scavenging enzymes (Spinas etal., 1999). The histological 
data approved by the histomorphomtrical analysis of the pancreatic 
islet cleared a very highly significant reduction in the pancreatic islet 
diameter and area. This data is supported by the work of (Adeyemiet 
al., 2010) who revealed a significant reduction in islet numerical density 
(number of islet /pancreas), islet area and islet diameter in induced 
diabetic group when compared to the control group.  Insulin therapy 
affords glycaemic control in type I diabetes, yet its short comings, such 
as ineffectiveness on oral administration, short shelf life, the 
requirement of constant refrigeration, fatal hypoglycaemia in the 
event of excess dosage, and the reluctance of patients to take insulin 
injections, and above all the resistance due to prolonged administration, 
limit its usage (Kasiviswanathetal., 2005). Similarly, treatment of type 
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II diabetes patients with sulfonylureas and biguanides is always 
associated with side effects. Hence the search for a drug with low cost, 
greater potential and no adverse side effects is underway in several 
laboratories around the world (Gandhipuram etal., 2006).  In this 
study, we compare the administration of mesenchymal stem cells with 
insulin therapy to treat diabetic rats and found that even though 
insulin therapy can partially improve the function of rats’ pancreatic 
islet, its role is limited. When diabetic rats were injected with insulin 
(10-14 IU/ml) daily for a month, the concentration of plasma glucose 
decreased significantly, but that of endogenous insulin was of the 
same concentration compared with diabetic non treated rats. At the 
same time, histological results showed that, pancreatic islet of diabetic 
rats slightly improved, but there was reduction in their size, cellularity 
and slight improvement in blood vessels and inflammatory state.This 
data was supported by image analysis which showed that both the 
area and the diameter of the pancreatic islet significantly decreased 
compared with control rats; meanwhile there was no significant 
change in comparison with STZ induced group. This may be due to the 
fact that as the diabetic state progresses, the functions of the 
pancreatic islets gradually decrease. Also, exogenous insulin that is 
administered to the diabetic rats did not affect on the endogenous 
insulin that is secreted from pancreatic B cells. The pancreas is known 
to have the capacity to regenerate under certain circumstances, by 
mature beta-cell replication, as analyzed in mouse modules, so 
identification of pancreatic cells with progenitor features might open 
an important and promising strategy for cell replacement/ regeneration 
therapy (levien and Itkin- Ansari, 2007). Stem cells (SC) are defined by 
( Friedenstein, 1976) as a fibroblast-like cellular population capable of 
generating osteogenic precursors, the bone marrow derived 
mesenchymal stromal cells are a rare, heterogenous, stromal 
population of multipotent nonhematopoietic progenitor cells, capable 
of differentiation towards mesodermal, as well as endodermal and 
ectodermal lineages. Due to this characteristic ( Caplan,1991) 
introduced the name of mesenchymal stem cells (MSCs), which has 
been recently changed, on a consensus statement recommandation, 
into multipotent mesenchymal stromal cells, with the acronym MSCs  
(Horwitz etal., 2005). Bone marrow stem cells are non endodermal 
cells with no immediate relationship to putative pancreatic stem cells 
that are resident in tissues of endodermal origin or developmental 
neuro endocrine stem cells derived from the endoderm (Chen etal ., 
2004). Alternatively, stem cells in bone marrow may be derived from 
sites of endodermal origin. Regardless of their germ layer of origin, 
these cells represent multipotent cells mediated by circulating signals, 
and can be recruited to neuroendocrine compartments of the 
pancreas. Once homing of these cells to pancreatic islets has occurred, 
local cell-cell interaction as well as paracrine factors may initiate 
differentiation (Chen etal., 2004). MSCs can also modulate the immune 
response by stimulating the production of CD8+ T reg (regulatory T 
cells), which could inhibit lymphocyte proliferation in allogenic 
transplantation. However, the induction of regulatory T cells may be 
mediated by different factors in alloreactive and mitogen stimulated 
lymphocyte cultures as differences exist between the systems. MSCs 
also produce bone morphogenic protein-2, which mediates 
immunosuppression via the generation of CD8+ regulatory T cells 
(Maccario etal., 2005).  In the present study, diabetic rats that received 
(2 x106) cells of mesenchymal stem cells showed moderate reduction 
of the mean blood glucose level and high increase in the mean blood 
insulin level when compared with untreated diabetic rats.We found 
injected labeled MSCs in the pancreas of diabetic rats which suggests 
selective homing of MSCs to the pancreas. MSCs have the ability to 
migrate (Ji etal., 2004) of particular interest for tissue remodeling, 

intravenous delivery of MSCs resulted in their specific migration to the 
site of injury (Barbashetal., 2003)This ability of implanted MSCs to 
seek out the site of tissue damage has been demonstrated in bone or 
cartilage fractures (Murphyetal., 2003), myocardial infarction, and 
ischemic cerebral injury (Jiet al., 2004). Sordietal., (2005) provided 
evidence that BM-MSCs are attracted by pancreatic islets invitro and in 
vivo, and confirmed that CXCL12 and its ligand CXCR4 play an important 
role in homing.  In all, the ability of pancreatic islets to attract BM-
MSCs suggests a potential role for these cells in B cell replacement. 
Histological results of the treated diabetic rats with MSCs showed mild 
improvement in the pancreatic vasculature and blood vessels state. 
Also there was marked increase in pancreatic islet number and size 
which is confirmed by islet image analysis. The latter showed increase 
in the mean diameter of the pancreatic islet and area per section. So 
there were two aspects of the observations that are remarkable: the 
ability of MSCs homing to the pancreas and the ability of administered 
MSCs to repair the injured pancreas by transdifferentiation into the B 
cells and insulin like islet regeneration (Dongetal., 2008). In order to 
study the effect of both insulin and stem cell therapy on the diabetic 
rats’ glucose, insulin levels and pancreatic islet status we administrated 
both of them together in the combined group but unexpected results 
were obtained. There was significant reduction in plasma glucose 
levels and no change in insulin plasma level in compared to diabetic 
rats, which is considered as illogical results. These results were 
confirmed with histological profile which revealed no significant 
histological change, edema and inflammatory cell were still observed 
around the pancreatic duct. Also, pancreatic islets were still small in 
size, low in number and cellularity. Image analysis indicates a decrease 
in the mean diameter, area and number of islets in section which 
confirmed that there was not any improvement in pancreatic exocrine 
or endocrine status. But the reason of this unexpected result was not 
cleared. So further studies must be done on the interaction between 
external insulin administration and bone marrow stem cells injection 
during the treatment of diabetes for a longer time to clarify the exact 
treatment mechanism & the scientific causes behind the findings 
shown in this study. 
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