
Journal of American Science 2013;9(9)                                                  http://www.jofamericanscience.org 

276 

 

Effect of Mesenchymal Stem Cells (M.S.C.) in Streptozotocin (STZ) induced type I diabetic rats. 
  

Sameh Elsonbaty1; and Ashraf kotb2  
 

Histology1; and Physiology2 Departments, Faculty of Medicine, October 6 University, Egypt. 
drashrafsalem@hotmail.com 

 
Abstract: Diabetes is one of the most important causes of mortality and morbidity all over the world. Renewal of 
functional pancreatic islets has been a goal of stem cell biologists since early 2000. Since that time, many studies 
have reported successful creation of glucose-responsive pancreatic beta-cells. Aim of work: This work aimed to 
study the effect of MSC on Streptozotocin (STZ)- induced diabetes in male albino rats to detect its potential 
therapeutic effect and its possible application to humans. Material and methods: Thirty male albino rats (150 – 170 
grams) were included in this study. They were divided into three equal groups: Group I (control), group II (diabetic), 
and group III (diabetic group treated with MSC). Diabetes was induced by intraperitoneal injection of STZ (60 
mg/kg). MSC were injected intravenously into the rat tail vein in the group III and left for two months Glucose and 
Insulin levels were measured for the three groups at the beginning of the study and after two months. Diabetic group 
(group II) showed significant higher glucose levels while there was a significant lower insulin levels compared to 
control group. Group III showed higher insulin and lower glucose level compared to group II. Conclusion: 
treatment with MSCs. showed significant lower levels of glucose and higher levels of insulin compared to diabetic 
group. 
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1.Introduction 

Diabetes is actually a group of diseases 
characterized by abnormally high levels of the sugar 
glucose in the bloodstream. This excess glucose is 
responsible for most of the complications of diabetes, 
which include blindness, kidney failure, heart 
disease, stroke, neuropathy, and amputations (Chen 
et al; 2004). Type 1 diabetes, also known as juvenile-
onset diabetes, typically affects children and young 
adults. Diabetes develops when the body's immune 
system sees its own cells as foreign and attacks and 
destroys them. As a result, the islet cells of the 
pancreas, which normally produce insulin, are 
destroyed. In the absence of insulin, glucose cannot 
enter the cell and glucose accumulates in the blood 
(Beati et al., 1997). 

There is currently no cure for diabetes. 
People with type 1 diabetes must take insulin several 
times a day and test their blood glucose concentration 
three to four times a day throughout their entire lives. 
Frequent monitoring is important because patients 
who keep their blood glucose concentrations as close 
to normal as possible can significantly reduce many 
of the complications of diabetes, such as retinopathy 
(a disease of the small blood vessels of the eye which 
can lead to blindness) and heart disease, that tend to 
develop over time(Bonner et al., 2000). 

Over the past several years, doctors have 
attempted to cure diabetes by injecting patients with 
pancreatic islet cells—the cells of the pancreas that 

secrete insulin and other hormones. However, the 
requirement for steroid immunosuppressant therapy 
to prevent rejection of the cells increases the 
metabolic demand on insulin-producing cells and 
eventually they may exhaust their capacity to produce 
insulin. The deleterious effect of steroids is greater 
for islet cell transplants than for whole-organ 
transplants (Itken et al., 2001). 

All tissues per se have the capacity of 
homeostasis maintenance. However, after injury this 
process is somehow disturbed by inflammation or by 
extracellular matrix disruption, not allowing proper 
stem cell action. Thus, in a way to assist the repair 
process several works have focused on the 
administration of exogenous stem cells (Gabby et al.,  
2006).Researches have turned their attention to adult 
stem cell that appear to be precursors to islet cells and 
embryonic stem cells that produce insulin (Assady et 
al., 2001). (Surprisingly, the administration of adult 
stem cell in several experimental diseases has showed 
to improve its clinical outcome and more over 
amelioration of tissue architecture.  The mechanism 
of action that leads to this improvement is not well 
defined, whether it is due to fusion of dying cells 
with MSC, differentiation of MSC to other cell types 
or through a paracrine action, where several bioactive 
factors contribute to the main mechanism of action 
suggested by Zuk et al., in (2002). Mesenchymal 
stem cells (MSCs), also known as multipotent 
mesenchymal stromal cells, are self-renewing cells 
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that can be found in almost all postnatal organs and 
tissues (Porada et al., 2006). MSCs are most 
frequently isolated from bone marrow but can 
generally be derived from any organ (Da silva et al., 
2006). Depending on their intended purpose, 
experimental or therapeutic use, MSCs can be 
isolated from adipose tissue, umbilical cord blood, 
compact bone, and other tissues (Ettla et al., 2004). 
The main functional characteristics of MSCs are their 
immune-modulatory ability, for self-renewal, and 
differentiation into tissues of mesodermal origin 
(Addi et al., 2008). There is a possible therapeutic 
effect of MSCs in diabetes suggested by their 
capacity to generate insulin-producing cells(IPCs) 
(Nautta and Febbe;2007).These IPCs express 
multiple genes related to the development or function 
of pancreatic beta cells, including high expression of 
insulin (Volarevic et al., 2010)] and were able to 
release insulin in a glucose-dependent manner that 
led to amelioration of diabetic conditions in 
streptozotocin (STZ)-treated rats (Xie et al., 2009). 
Several lines of evidence suggest that in vivo 
hyperglycemia is an important factor for bone 
marrow-derived MSCs differentiation into IPCs 
capable of normalizing hyperglycemia in  diabetic 
rats, including those with chronic hyperglycemia 
(Tang et al., 2004). 
 
2. Material and methods 

Thirty white male albino rats aged one 
month (150-170 grams) were included in the present 
study. They were obtained from Ophthalmology 
Institute and were housed in wire mesh cages at room 
temperature and maintained on normal chow and had 
free access to water. 

The rats were divided into three groups, 
each group ten rats 
Group 1: Control group.  
Group 2: Diabetic group using  Streptozotosin 
(S.T.Z.).  
Group 3: Diabetic  group treated with MSC 
  Diabetes was induced by injection of STZ at 
a dose of 60 mg./Kg/day (Fujita et al., 2005). M.S.C. 
were injected once intravenously in the rat tail. 

Blood samples were taken at the beginning 
and at the end of experimental period for 
determination of glucose level and insulin level. 

The glucose and insulin levels were 
measured by spectrophotometry and E.L.I.S.A. 
methods respectively. 
* Preparation of BM-derived MSC 

Rat diabetic models were made to test in 
vivo function of differentiated MSCs. Rat MSCs were 

isolated from bone marrow of Wistar rats nd cultured. 
Passaged MSCs were induced to differentiate into 
islet-like cells under following conditions: pre-
induction with L-DMEM including 10 mmol/L 
nicotinamide + 1 mmol/L beta-mercaptoethanol+200 
mL/L fetal calf serum (FSC) for 24 hrs, followed by 
induction with serum free H-DMEM solution 
including 10 mmol/L nicotinamide+1 mmol/L, beta-
mercaptoethanol for 10 hrs. Differentiated cells were 
observed under inverse microscopy, and identified by 
expressing a gene called PDX-1, which encodes a 
protein that initiates transcription from the insulin 
gene. These genes, called cell markers, are useful in 
identifying particular cell types. insulin and nestin 
expressed in differentiated cells were detected with 
immunocytochemistry. Insulin excreted from 
differentiated cells was tested with 
radioimmunoassay.  

 

 
Bone marrow aspirate 
 

 
 Isolated stem cells 
 
Statistical Analysis 

Statistics were done using SPSS methods. 
3. Results 

Table (1) showed serum levels for glucose 
and insulin in all studied groups.  
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Table (1): Insulin & Glucose levels for the control, diabetic, and the Diabetic M.S.C.-treated groups (Mean 
SD). 
  Control Diabetic Diabetic +M.S.C. 
Insulin level IU/L 
 Glucose level mg/dl 

446.93  ± 102 
109.5 ± 3.2 

50.9 ± 22 
243.2 ± 2.5 

398.10 ± 76 
111.2  ± 3 

* Significant ( P value < 0.05 ). 
 
 

Groups II subjected to STZ showed 
significant higher levels for glucose and lower levels 
for insulin when compared with the control group (P 
< 0.05). 

Group III which received M.S.C. as a treatment 
showed a significant improvement in the levels of 
glucose and insulin in comparison to the levels 
without treatment (P < 0.05). 

 

 
Figure (1): The insulin level (IU/L) and Glucose level (mg/dl) for the control group, the diabetic group and 
diabetic groups treated with stem cell(Mean SD)  
 
4. Discussion 

Type 1 diabetes mellitus (T1D) is caused by 
an immune mediated destruction of the insulin 
producing β cells in the pancreas. β Cell destruction 
is irreversible and despite intensive insulin therapy 
the condition is connected with development of late 
diabetic complications and increased mortality 
(Borch and Jhonson, 1989). 

In developing a potential therapy for patients 
with diabetes, researchers hope to develop a system 
that meets several criteria. Ideally, stem cells were 
able to multiply in culture and reproduce themselves 
exactly. That is, the cells should be self-
renewing. Stem cells should also be able to 
differentiate in vivo to produce the desired kind of 
cells For diabetes therapy, it was not clear whether it 
will be desirable to produce only beta cells—the islet 
cells that manufacture insulin—or whether other 
types of pancreatic islet cells are also necessary. 

Studies by (Soria et al., 2000), indicated that isolated 
beta cells—those cultured in the absence of the other 
types of islet cells—are less responsive to changes in 
glucose concentration than intact islet clusters made 
up of all islet cell types. Islet cell clusters typically 
respond to higher-than-normal concentrations of 
glucose by releasing insulin in two phases: a quick 
release of high concentrations of insulin and a slower 
release of lower concentrations of insulin. In this 
manner the beta cells can fine-tune their response to 
glucose. As multipolar nerve cells known as ganglion 
cells are responsible for activation of beta cells to 
secrete insulin (Schuldiner et al., 2000). 

The objective of the present study was to 
study the potential therapeutic effect of  M.S.C. 
injection in STZ induced diabetes in rats. Rats were 
divided into 3 equal groups,1st one was the control 
group,2nd group received Steptozotocin to induce 
diabetes and the 3rd one received both Steptozotocin 
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and MSCs. Results show a significant higher levels 
of glucose in group 2 (diabetic group) compared to 
control group (P >0.005),  while the insulin level 
showed significant lower level in the diabetic group 
(P < 0.005),  when compared with the same group. 
Group III which was treated with the MSCs. showed 
significant lower level of glucose  in compared to the 
diabetic group with significant higher level of insulin 
in comparison to diabetic group. Improvement of 
insulin secretion may be due to MSCs. These results 
agreed with the results of (Rottoli et al., 2004). They 
stated that the stem cells migrate to the site of 
damage and undergo differentiation and promote 
structural and functional repair and help to cure 
diabetes and thus restore the normal insulin level in 
the body. 
Histological results: 

New islets of Langerhans reappear again 
after stem cell therapy in 7 rats. 
No islets of Langerhans were detected in 2 of the rats. 

It is important to denote that one of the rats 
who received stem cells showed malignant 
transformation of pancreas. 

 

 
Functional areas of Islets of Langerhans appear again 
in pancreatic tail after stem cell therapy. 
 

 
Histological section denote malignant transformation 
of pancreas of one rat 
 

The results of the present study agree with 
(Chen et al., 2004) whom stated that the Islet-like 
functional cells differentiated from marrow 
mesenchymal stem cells, may be a new procedure for 
clinical diabetes stem -cell therapy, as they can 
control blood glucose level in the diabetic rats, by 
islet differentiation. 

The major problem in dealing with these 
cells is maintaining the delicate balance between 
growth and differentiation. Cells that proliferate well 
do not produce insulin efficiently, and those that do 
produce insulin do not proliferate well. According to 
the researchers, the major issue is developing the 
technology to be able to grow large numbers of these 
cells that will reproduce and produce normal amounts 
of insulin (Levine; 2001). 

The discovery of the methods to isolate and 
grow human embryonic stem cells renewed the hopes 
of doctors, researchers, and diabetes patients and 
their families that a cure for type 1 diabetes, and 
perhaps type 2 diabetes as well, may be within 
striking distance. In theory, embryonic stem cells 
could be cultivated and coaxed into developing into 
the insulin-producing islet cells of the pancreas. With 
a ready supply of cultured stem cells at hand, the 
theory is that a line of embryonic stem cells could be 
grown up as needed for anyone requiring a transplant. 

It is important to denote that one of the rats 
who receives stem cells show malignant 
transformation of pancreas so we cannot say that 
stem cell therapy iscompletely safe in humans.  
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