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One of the new promising therapies in treatment of diabetes mellitus is mesenchymal stem cells (MSCs) which have 
an interesting therapeutic potentiality based on their paracrine effect and transdifferentiation potentiality. Also obe-
statin improves the generation of functional β cells/islet-like cell clusters in vitro, suggesting implications for cell-based 
replacement therapy in diabetes. So the aim of this study was to evaluate the effect of combination of both MSCs 
and obestatin on an experimental model of type II diabetes mellitus (T2DM). Sixty male rats were divided into; group 
I (control group), group II (T2DM group) induced by administration of high fat diet (HFD) and injection of streptozo-
tocin (STZ) in low dose, group III (T2DM treated with MSCs), group IV (T2DM treated with obestatin), group V 
(T2DM treated with MSCs and obestatin). Fasting blood glucose, C-peptide, insulin and lipid profile were measured. 
HOMA-IR and HOMA-β were calculated. Pancreatic expression of insulin, glucagon like peptide -1 (GLP-1) and pan-
creatic duodenal homeobox 1 (Pdx1) mRNA levels were measured. In addition pancreatic histological changes, insulin 
and Bax were analyzed by immunohistochemical examination of islets of Langerhans. Diabetic rats showed significant 
increase in HOMA-IR, serum glucose and lipid profile levels with significant decrease in insulin, HOMA-β, GLP-1 
and Pdx1 levels. MSCs and obestatin caused significant improvement in all parameters with more significant improve-
ment in combined therapy. The protective effects afforded by MSCs and obestatin may derive from improvement of 
the metabolic profile, antiapoptosis and by increase in pancreatic GLP-1and Pdx1 gene expression.
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Introduction 

  Type 2 diabetes mellitus (T2DM) is one of the common-
est forms of chronic disease globally and few societies or 
ethnic groups are spared. The number of people with dia-
betes is expected to reach 642 million by 2040 (1). T2DM 
considered as a chronic disease causing macro- and micro-
vascular complications, leading to severe illness and pre-
mature death, with elevated personal and economic costs 
(2). There are two mechanisms leading to T2DM; increase 
insulin resistance and/or decrease insulin secretion. Recently 
there are epidemiological, experimental and clinical evi-
dences that the inflammatory and apoptotic mediators are 
involved in these two mechanisms of T2DM (3).
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  Pancreatic duodenal homeobox 1 considered as a tran-
scription factor which plays a crucial role in pancreatic 
β cell function and survival, also it initiates endocrine 
neogenesis. The complete Pdx1 deficiency leads to pancre-
atic agenesis while its partial deficiency leads to sever dys-
function of β cell, increases β cell death and diabetes 
in both human and rodents. The two major features of 
T2DM are chronic hyperglycemia and dyslipidemia which 
caused by β cell dysfunction via reduced Pdx1 expression. 
Also, Pdx1 expression is absolutely necessary for integrat-
ing GLP-1 receptor-dependent signals for the differentiated 
function, growth and survival of islet β cells (4).
  The hyperglycemia amelioration or improvement of in-
sulin response in target tissue still the only ways in T2DM 
treatment. Moreover, the therapy compliance is usually 
low and most of patients maintain hyperglycemia which 
considered a major factor responsible for the onset of the 
chronic and severe diabetes complication (5). This raises 
the need for development a new strategies in prevention 
and treatment of T2DM. 
  Obestatin is an interesting but controversial gut hormone. 
It is a 23-amino acid peptide which encoded by the same 
gene that encodes ghrelin. This peptide has been named 
Obestatin due to its inhibitory effect on food intake. It has 
been originally extracted from rat stomach (6). Also obe-
statin-producing cells are found in the pancreas. Its ex-
pression in fetal, neonatal and adult pancreas plays a cru-
cial role in pancreas development and homeostasis (7). In 
the obese mice, the blood concentration of obestatin is low 
indicating that obestatin may act in the pancreas through 
autocrine/paracrine mechanisms (8). Obestatin enhance 
the generation of functioning β cells/islet-like cell clus-
ters in vitro, suggesting implications for cell-based re-
placement therapy in diabetes (9). 
  One of the most important type of multipotent adult 
stem cells are mesenchymal stem cells (MSCs), which are 
undifferentiated cells have self-renewal capacity, extensive 
culture expansion, low immunogenicity also their clinical 
utilization involves few ethical concerns (10). MSCs are 
capable of microenvironment modification of injured tis-
sues contributing to tissue regeneration and repair through 
anti-inflammatory and anti-apoptotic mediators (11). 
Many researchers have demonstrated that MSCs trans-
plantation decreased blood glucose levels and enhance the 
regeneration of pancreatic islet of diabetic animals (12). 
However, these results were still not enough to explain the 
therapeutic potentiality of MSCs in T2DM (11).
  We assumed that obestatin may enhance stem cell ther-
apy in T2DM. Nevertheless, no such study has been re-
ported so far to our knowledge.

  The aim of this study was to evaluate the therapeutic 
potential of MSCs and/or obestatin on endocrine pancre-
atic damage in type II diabetic rats. Additionally, we eval-
uated the possible involvement of Pdx1, GLP-1 pancreatic 
expression in the regeneration process, moreover to eluci-
date whether apoptosis may participate in their molecular 
mechanism or not.

Materials and Methods

Experimental animals
  Sixty adult male Sprague Dawley rats each weighing be-
tween 180 and 200 gm were bred and maintained in an 
air-conditioned animal house with specific pathogen-free 
conditions. Rats were subjected to a normal light/dark cy-
cle and allowed free access to chow and water. This study 
was carried out in strict accordance with the recommen-
dations in the Guide for the Care and Use of Laboratory 
Animals of the National Institutes of Health (NIH pub-
lication No. 85–23, revised 1996). The protocol was ap-
proved by the Committee of the Ethics of Animal 
Experiments of the Faculty of Medicine, Benha University.
  Group I (Control group): n=20 rats were fed a regular 
chow diet for eight weeks consisted of a total kcal value 
of 20 kilo Joule (kJ)/kg (5% fat, 52% carbohydrate, 20% 
protein). The rats were divided equally into 4 subgroups 
each subgroup contained 5 rats as follow:
  Subgroup IA: The rats were left without intervention.
  Subgroup IB: On the day 14th from the beginning of 
the experiment, the rats were injected i.p. with a single 
dose of 0.25 ml/kg body weight sodium citrate buffer 
(vehicle of STZ).
  Subgroup IC: The rats were injected i.v. 0.2 ml normal 
saline through tail vein, first dose injection after a week 
and second dose after three weeks of STZ injection 
(vehicle of obestatin).
  Subgroup ID: The rats were injected 0.25 ml/kg dis-
tilled water (vehicle of obestatin) subcutaneously twice 
daily in the last week before sacrifice. 
  Group II (T2DM group): (n=10) rats in which T2DM 
was induced and the rats received no treatment.
  Group III (T2DM＋MSCs): (n=10) diabetic rats treated 
with MSCs in two successive doses of (2×106) MSCs sus-
pended in 0.2 ml normal saline. MSCs were injected 
through tail vein; first dose after a week and second dose 
after three weeks of STZ injection (13). 
  Group IV (T2DM＋obestatin): (n=10) diabetic rats 
treated with obestatin at a dose of 100 μg/kg dissolved 
in 0.25 ml distilled water subcutaneously twice daily in 
the last week before sacrifice (14). 
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  Group V (T2DM＋MSCs＋obestatin): (n=10) diabetic 
rats treated with both MSCs and obestatin as described above.

Induction of T2DM
  T2DM was induced by administration of HFD for eight 
weeks with a total kcal value of 40 kJ/kg (20% fat, 45% 
carbohydrate, 22% protein) (15). On day 14, rats on the 
HFD were injected with intraperitoneal (i.p.) single low 
dose of STZ (30 mg/kg, dissolved in 0.25 ml/kg sodium 
citrate buffer at pH 4.4) (16). To avoid incidental punc-
ture of the intestines, which would have decreased the suc-
cess rate for induction of diabetes, all animals were fasted 
overnight (17). Because of streptozotocin's ability to in-
duce fatal hypoglycemia as a result of massive pancreatic 
insulin release, the rats were provided with 10% glucose 
solution after 6 hours of STZ administration for the next 
48 hours to prevent hypoglycemia. After 5 days of STZ 
injection, blood glucose was tested using a blood glucose 
meter (Accu-Chek Performa; Roche Diagnostics, USA). 
Rats with glucose level above 160 mg/dl considered dia-
betics but below this value were excluded from the 
experiment. The total experimental period was eight 
weeks.

Experimental substances
  Streptozotocin was purchased from Sigma-Aldrich 
Chemical Co. (St. Louis, Missouri, USA). The powder was 
stored at −20oC and the amount needed was dissolved in 
0.1 mol/l citrate buffer, pH 4.5, immediately before use. 
  Obestatin was purchased from Sigma-Aldrich Chemical 
Co. (St. Louis, Missouri, USA). The powder was dissolved 
in distilled water before use.

Preparation of BM-MSCs
  Bone marrow mesenchymal stem cells (BM-MSCs) were 
prepared in the Central lab, Faculty of Medicine, Benha 
University. Bone marrow cells were flushed from tibia and 
fibula of rat bones with phosphate-buffered saline (PBS) 
containing 2 ml EDTA. Over 15 ml Ficoll-Paque (Gib-
co-Invitrogen, Grand Island, NY), 35 ml of the diluted 
sample was carefully layered, centrifuged for 35 minutes 
at 400 ×g rpm and the upper layer was aspirated leaving 
undisturbed mononuclear cell (MNC) layer at the interphase. 
This MNC layer was aspirated, washed twice in PBS con-
taining 2 ml EDTA and centrifuged for 10 minutes at 200 
×g rpm at 10ºC. The cell pellet was re-suspended in a 
final volume of 300 μl of buffer. Isolated MSCs were cul-
tured on 25 ml culture flasks in minimal essential me-
dium (MEM) supplemented with 15% fetal bovine serum 
(FBS) and incubated for 2 hours at 37oC and 5% CO2. 

Adherent MSCs were cultured in MEM supplemented 
with 30% FBS, 0.5% penicillin, streptomycin and at 37oC 
in 5% CO2 in air (18, 19). All cultures were examined us-
ing an inverted microscope; Leica DM IL LED with cam-
era Leica DFC295 (Leica Microsystems CMS GmbH, 
Ernst-Leitz-Straβe 17∼37, Wetzlar, D-35578, Germany).

Identification of BM-MSCs
  MSCs in culture were characterized by their adhesive-
ness and fusiform shape and by detection of CD29 and 
CD90 (surface markers of rat mesenchymal stem cell) by 
flow cytometry (18).

Green fluorescent protein (GFP) labeling of MSCs
  MSCs were labeled in vitro with GFP (pAcGFP1-N1 
Vector, Clontech Laboratories, Inc. (USA) catalog # 
632469) for in vivo tracing and observed in unstained pan-
creatic tissues cryosections using Fluorescence Microscope 
(Leica Microsystems CMS GmbH, Ernst-Leitz-Straße, 
Wetzlar, D-35578, Germany) (20). 

Assessment of obesity
  Body weights were recorded weekly during the ex-
perimental period, and before sacrifice of all groups. Body 
lengths were measured (nose-anal length). The body 
weight and body length were used to confirm the obesity 
through the obesity parameters body mass index (BMI) 
(body weight g/length cm) (21).

Procedure of the experiments
  At the end of the eighth week, the animals were anes-
thetized by sodium thiopental anesthesia (40 mg/kg. i.p.) 
after 12 hours fasting. The animals were fixed on an oper-
ating table and the blood samples were taken. 

Blood samples and tissue collection
  A craniocaudally incision of about 2 cm is made, paral-
lel and slightly to the left of the sternum through the skin 
and pectoral muscles to expose the ribs. A blunt curved 
forceps is then binged between the 5th and 6th ribs 
through the intercostal muscles. The gap is widened so 
that the beating heart becomes visible, then the blood 
samples were taken from the right ventricle. The previous 
incision was continued through the animal's anterior ab-
dominal wall, the abdominal cavity was entered by cutting 
the muscles and peritoneum. The pancreas was exposed 
then freed from the surrounding tissue. It was quickly ex-
cised and portions of pancreatic tissues were stored in −80oC 
for detection of insulin, GLP-1 and Pdx1 mRNA ex-
pression by quantitative reverse transcriptase - polymerase 
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chain reaction (qRT-PCR). Other portions of pancreatic 
tissues were fixed in formalin 10% for histological and im-
munohistochemical examination.

Assessment of biochemical parameters
  Fasting serum glucose was estimated by the glucose oxi-
dase–peroxidase method (GOD–POD kit from Biodiagnostic, 
Egypt). Whereas fasting serum insulin level was carried 
out using an enzyme linked immunosorbent assay kit 
(ELISA, Boehriger Mannheim Immunodiagnostics, and 
Mannheim, Germany). Serum C-peptide was measured with 
rat insulin enzyme-linked immune absorbent assay kit 
(C-Peptide EIA Kit, Sigma-Aldrich, St. Louis, MO).Serum 
total cholesterol (TC), triglyceride (TG) and high density 
lipoprotein cholesterol (HDL-C) were evaluated using kits 
from Biodiagnostic, Egypt. Low density lipoprotein cho-
lesterol (LDL-C) was calculated from the equation 
LDL-C=TC−HDL-C−TG/5 (22).
  Calculating the homeostasis model assessment as a 
measure of insulin resistance (HOMA-IR): by using the 
following equation; [HOMA-IR=insulin (μU/ml)×glu-
cose (mmol/L)/22.5] (23). 
  Calculating the homeostasis model assessment as a 
measure of β cell function (HOMA-β): according to 
the following equation; [HOMA-β=20×insulin (μU/ 
ml)/(glucose - 3.5)] (24). 
  Histological study: After sacrifice, pancreatic tail of the 
whole pancreas was rapidly removed and cleared of fat. 
Pancreas were fixed in 10% buffered formalin solution, 
dehydrated in ascending grades of ethanol and embedded 
in paraffin. Serial sections (4 μm) of two different levels 
were mounted for haematoxylin and eosin (H&E) (25) and 
immunohistochemistry.

Immunohistochemically study
  The immunohistochemically staining was applied for 
CD105 expression in pancreatic tissue treated with MSCs. 
The CD105 marker was rabbit polyclonal antibody 
(bs-0579R) (Bioss Inc.).
  Immunohistochemical staining was applied for detection 
of Bax. The primary monoclonal antibody used was rabbit 
monoclonal (E63) antibody to Bax (Lab Vision Corp, 
Neo-markers, Inc /Lab Vision, Fremont, California, USA). 
The positive reaction was brown color in the cytoplasm. 
  Immunohistochemical localization of insulin was as-
sessed by polyclonal antibodies; cat. no. AR. 295-R; Bio 
Genex mouse monoclonal anti-insulin antibody supplied 
by Lab Vision Co., (Fremont, California USA) was used 
to identify the (β cells).
  Immunohistochemical reactions were carried out using 

the peroxidase-labeled streptavidin biotin method (26). 
Paraffin sections were mounted on positive charged slides. 
They were deparaffinized in xylene, rehydrated in de-
scending grades of ethyl alcohol, and then immersed in 
0.3% hydrogen peroxide in methyl alcohol to block endog-
enous peroxidase activity. The sections were washed in 
PBS and 10% normal rabbit serum was applied for 30 mi-
nutes to reduce nonspecific binding. The sections were in-
cubated for 1 hour with antisera-containing primary 
antibodies. After that, the sections were counterstained 
with Mayer’s haematoxylin (H), dehydrated in ascending 
grades of ethyl alcohol, cleared in xylene, and mounted 
in Canada balsam.
  Morphometric study: The mean area percentage of in-
sulin and Bax immuno-expression were quantified five im-
ages from five non-overlapping fields of each rat of each 
group using Image-Pro Plus program version 6.0 (Media 
Cybernetics Inc., Bethesda, Maryland, USA). 

Real time PCR
  The relative abundances of the mRNA species were as-
sessed by the SYBRⓇ Green method and an ABI Prism 
7500 Sequence Detector System (Applied Biosystems, 
Foster City, CA, USA). The PCR primers used were de-
signed with Gene Runner Software (Hastings Software 
Inc., Hastings, NY, USA) from RNA sequences in GenBank 
(Table 1). All of the primer sets had a calculated anneal-
ing temperature of 60oC. Quantitative RT-PCR analyses 
were performed in duplicate in a 25-μL reaction volume 
consisting of 2× SYBR Green PCR Master Mix (Applied 
Biosystems, USA), 900 nM of each primer, and 2∼3 μL 
of cDNA. The amplification conditions were 2 min at 
50oC, 10 min at 95oC, and 40 cycles of denaturation at 
95oC for 15 s and annealing/extension at 60oC for 10 min. 
Data from the qRT-PCR assays were calculated by Sequence 
Detection Software version 1.7 (PE Biosystems, Foster 
City, CA, USA). The relative expression levels of insulin, 
Pdx1, and GLP-1 were calculated by the comparative Ct 
method as stated by the manufacturer recommendations 
(Applied Biosystems, USA). All values were normalized to 
the expression of the GAPDH gene and reported as the 
fold changes.

Statistical analysis 
  All the data collected from the experiment was recorded 
and analyzed using SPSS Statistics software for Windows, 
Version 20 (IBM Corp., Armonk, NY, USA). Evaluation 
of differences between groups was performed using 
one-way ANOVA with post hoc test (LSD). In each test, 
all the data are presented as mean±standard deviation 
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Fig. 1. Homing of MSCs in pancreas. 
(A) Primary culture of MSCs showing 
many spindle-shaped stem cells 
(white arrows) ×200. (B) Fluorescent 
microscopic image of a section in pan-
creas of rat in group III demonstrating 
the green fluorescence of MSCs la-
beled with GFP two week after im-
plantation (white arrows) ×200. (C) 
Flow cytometric chart analysis for sur-
face antigens of MSCs. They were pos-
itive for CD29 and CD90.

Table 1. Primer sequences of the studied genes

Primer Sequence

Insulin Forward primer: 5’-TCACACCTGGTGGAAGCTTC-3’
Reverse primer: 5’-ACAATGCCACGCTTCTGC-3’
Gene bank accession number: AH002844.2

Pdx1 Forward primer: 5’-GGATGAAATCCACCAAAGCTC-3’
Reverse primer: 5’-TTCCACTTCATGCGACGGT-3’
Gene bank accession number: NM022852.3

GLP-1 Forward primer: 5’-ACCTTCACCAGCGACGTAAG-3’
Reverse primer: 5’-TCCTTTTACAAGCCAAGCGA-3’
Gene bank accession number: XM011483973.2

GAPDH Forward primer: 5’-ACAGTCCATGCCATCACTGCC-3’
Reverse primer: 5’-GCCTGCTTCACCACCTTCTTG-3’
Gene bank accession number: NG009348.3

(SD) and differences were considered to be significant at 
p＜0.05. 

Results

MSCs identification in culture and tracking
  The MSCs were identified after 2 weeks in culture with 

an inverted microscope as spindle-shaped cells between 
rounded cells (Fig. 1A) and intravenously injected MSCs 
labeled with GFP were observed in pancreatic tail tissue 
using a fluorescent microscope (Fig. 1B). By im-
munohistochemistry, we found that CD105+ cells locate 
at the surrounding periphery of normal islets but pene-
trate into the β-cell (Fig. 1C). Analysis of cell surface 
molecules was performed on mesenchymal stem cells 
preparations to assess purity, positivity for CD29 and pos-
itivity for CD90 mesenchymal markers (Fig. 2).

Effects of MSCs and obestatin on body weight, BMI, 
serum glucose, insulin, C peptide, HOMA-IR and 
HOMA-β in T2DM rats
  There were non-significant differences between all sub-
groups of the control group. Body weight, BMI, serum glu-
cose and HOMA-IR increased significantly (p＜0.05), 
while insulin, C peptide and HOMA-β decreased sig-
nificantly (p＜0.05) in group II (T2DM) as compared to 
the control group. Treatment with MSCs (group III) 
caused significant decrease (p＜0.05) in serum glucose 
and HOMA-IR with a significant increase (p＜0.05) in se-
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Fig. 2. Photomicrographs sections (immunohistochemistry) from rat tail pancreas showing. (A) GFP expression in transplanted MSCs. (B) 
CD105 expression in transplanted MSCs.

Table 2. Showed levels of body weight, BMI, serum glucose, insulin, HOMA-IR and HOMA-β in different animal groups

Group I 
(Control)

Group II 
(T2DM)

Group III 
(T2DM＋MSCs)

Group IV 
(T2DM＋obestatin)

Group V 
(T2DM＋MSCs＋obestatin)

Body Weight (gm) 217±11.6b,c,d,e 3 41.9±5.9a,d,e 329.2±7.7a,d,e 258.7±6.7a,b,c 253.9±5.5a,b,c

BMI (g/cm2) 0.23±0.01b,c,d  0.83±0.1a,d,e  0.83±0.1a,d,e   0.26±0.02a,b,c  0.25±0.02b,c

Serum Glucose (mmol/l)  5.6±0.08b,c,d    17.5±0.11a,c,d,e     8.2±0.11a,b,d,e     7.7±0.77a,b,c,e    5.5±0.14b,c,d

Serum insulin (μIU/ml)  4.3±0.12b,c,d     2.7±0.12a,c,d,e    3.6±0.12a,b,e    3.5±0.08a,b,e    5.5±0.13b,c,d

Serum C peptide (nmol/L) 9.45±0.33b,c,d    5.98±0.63a,c,d,e   8.43±0.34a,b,e   8.65±0.25a,b,e   9.06±0.65b,c,d

HOMA-IR  1.1±0.01b,c,d     2.1±0.01a,c,d,e     1.8±0.11a,b,d,e     1.5±0.09a,b,c,e    1.3±0.02b,c,d

HOMA-β 40.9±0.12b,c,d     3.9±0.09a,c,d,e    15.3±0.12a,b,d,e    16.7±0.11a,b,c,e     55±0.14b,c,d

aSignificant difference (p＜0.05) compared with control group.
bSignificant difference (p＜0.05) compared with T2DM group.
cSignificant difference (p＜0.05) compared with T2DM＋MSCs group.
dSignificant difference (p＜0.05) compared with T2DM＋obestatin group.
eSignificant difference (p＜0.05) compared with T2DM＋MSCs＋obestatin group.

rum insulin, C peptide and HOMA- β when compared 
to the group II. In the contrary it caused non-significant 
effect on body weight and BMI. On the other hand treat-
ment with obestatin (group IV) caused significant decrease 
(p＜0.05) in body weights, BMI, serum glucose and 
HOMA-IR with significant increase (p＜0.05) in insulin, 
C peptide and HOMA- β when compared to the group 
II. Furthermore combination of MSCs and obestatin 
(group V) reached the control level in all parameters. 
Additionally there was a significant decrease (p＜0.05) in 
body weight, BMI, serum glucose, and HOMA-IR with a 
significant increase (p＜0.05) in HOMA- β in group IV 
(T2DM＋obestatin) when compared to group III (T2DM
＋MSCs) (Table 2). 

Effects of MSCs and obestatin on lipid profile inT2DM rats
  Regarding the lipid profile, administration of HFD and 
STZ (group II) caused a significant increase (p＜0.05) in 
TC, TG and LDL with a significant decrease (p＜0.05) in 
HDL when compared to the control group. While treat-
ment with either MSCs or obestatin caused a significant 
decrease (p＜0.05) in serum TC, TG and LDL with a sig-
nificant increase (p＜0.05) in HDL when compared to the 
T2DM group. On the other hand their combination 
(group V) led to lipid profile reached to a level near to 
that of the control level. Additionally there was a sig-
nificant decrease (p＜0.05) in TC, TG and LDL in group 
IV (T2DM＋obestatin) when compared to group III 
(T2DM＋MSCs) group indicating that obestatin has more 
protective effect than MSCs (Table 3).
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Table 4. Showed levels of insulin, Pdx1 and GLP-1 gene expressions in different animal groups

Group I 
(Control)

Group II 
(T2DM)

Group III 
(T2DM＋MSCs)

Group IV 
(T2DM＋obestatin)

Group V
(T2DM＋MSCs＋obestatin)

Insulin mRNA 0.542±0.001b,c,d 0.208±0.003a,c,d,e 0.409±0.003a,b,e 0.490±0.003a,b,e 0.546±0.016b,c,d

Pdx1 mRNA 0.230±0.001b,c,d 0.103±0.04a,c,d,e 0.138±0.001a,b,e 0.146±0.002a,b,e 0.222±0.001b,c,d

GLP-1 mRNA 0.290±0.001b,c,d 0.042±0.002a,c,d,e 0.120±0.001a,b,e 0.127±0.019a,b,e 0.284±0.01b,c,d

aSignificant difference (p＜0.05) compared with control group.
bSignificant difference (p＜0.05) compared with T2DM group.
cSignificant difference (p＜0.05) compared with T2DM＋MSCs group.
dSignificant difference (p＜0.05) compared with T2DM＋obestatin group.
eSignificant difference (p＜0.05) compared with T2DM＋MSCs＋obestatin group.

Table 3. Lipid profile levels in different animal groups

Group I
(Control)

Group II 
(T2DM)

Group III 
(T2DM＋MSCs)

Group IV 
(T2DM＋obestatin)

Group V 
(T2DM＋MSCs＋obestatin)

TC mg/dl 112.9±1.2b,c,d 246.5±2.3a,c,d,e  185.4±0.84a,b,d,e 176±1.8a,b,c,e 114.2±1.7b,c,d

TG mg/dl 73.9±1.2b,c,d 159.6±2.9a,c,d,e 101.2±3.9a,b,d,e 89.7±1.9a,b,c,e  74.9±1.2b,c,d

LDL mg/dl  49.5±0.1b,c,d,e 192.3±1.5a,c,d,e 134.7±1.3a,b,d,e 124.8±1.03a,b,c,e   55.6±1.3a,b,c,d

HDL mg/dl  48.4±1.8b,c,d,e  22.9±1.2a,c,d,e 30.6±1.5a,b,e 33.3±0.95a,b,e    44.5±1.08a,b,c,d

aSignificant difference (p＜0.05) compared with control group.
bSignificant difference (p＜0.05) compared with T2DM group.
cSignificant difference (p＜0.05) compared with T2DM＋MSCs group.
dSignificant difference (p＜0.05) compared with T2DM＋obestatin group.
eSignificant difference (p＜0.05) compared with T2DM＋MSCs＋obestatin group.

Effects of MSCs and obestatin on insulin, Pdx1 and 
GLP-1 Gene expression in pancreas of T2DM rats
  Table 4 showed that Insulin mRNA, Pdx1 mRNA and 
GLP-1 mRNA expression were significantly (p＜0.05) de-
creased in T2DM group as compared to control group, 
while treatment with MSCs or obestatin showed sig-
nificant increase (p＜0.05) in Insulin, Pdx1 and GLP-1 
mRNA expression when compared to T2DM group. 
Combination therapy of MSCs and obestatin showed 
non-significant difference when compared to the control 
group. As well as there was non-significant difference in 
all parameters by comparing T2DM＋MSCs group to 
T2DM＋obestatin group.

Histological results
  Haematoxylin and eosin stain
    Group I (control group): There was no histological 
difference in subgroup IA, IB, IC and ID. The control 
group showed normal histological structure of the tail of 
pancreas which divided into many small lobules of varia-
ble sizes and shapes. Each lobule was formed of closely 
packed pancreatic acini and a compound duct system in 
which pancreatic acini were lined with pyramidal cells 

with basal basophilia, apical acidophilia with basal round-
ed nuclei and narrow lumen. The islets of Langerhans ap-
peared as noncapsulated pale pink oval or rounded areas 
formed of groups of cells arranged in irregular branching 
and anastomosing cords. Also, the Islet of Langerhans had 
large pale cells with pale nuclei in the center. Also small 
dark cells with small nuclei in the periphery were seen 
Fig. 3A, B. Group II (T2DM) showed disorganized pancre-
atic acini and the acinar cells had vacuolation of their cy-
toplasm with darkly stained nuclei. The islets of 
Langerhans appeared distorted with wide intercellular 
spaces compared to control group. The cells have vacuo-
lated pale acidophilic cytoplasm and darkly stained nuclei 
Fig. 3C. Group III (T2DM＋MSCs) showed that, the pan-
creatic acini were organized rounded with apparently nor-
mal shaped central cells and narrow intercellular spaces 
compared to control group. Many dilated blood vessels in 
the islet were observed in Fig. 3D. Group IV (T2DM＋

obestatin): disorganized pancreatic acini and darkly 
stained nuclei. The islet of Langerhans contained wide in-
tercellular spaces, some cells had vacuolated pale cyto-
plasm, and few centrally located cells had small darkly 
stained nuclei as shown in Fig. 3E. Group V (T2DM＋ 
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Fig. 3. Photomicrographs sections (H&E) from rat tail pancreas showing. (A) A section from control rat illustrating pancreatic lobules (bent 
arrows) separated by thin connective tissue septae (black arrow heads), islet of Langerhans (white arrow head), blood vessels (white ↑) 
and pancreatic ducts (black ↑)×100. (B) A section from a control rat revealed an islet of Langerhans (black arrow head) containing β
cells in the center (white arrow head) and most probably α cells in the periphery (bent arrow), blood vessel (black ↑) and pancreatic 
acini formed of pyramidal cells with basal basophilia and apical acidophilia (white↑)×400. (C) A section of a rat from group II revealed 
two shrunken distorted islets of Langerhans with marked loss of their cells (arrow head), some cells with vacuolated cytoplasm (↑) and 
darkly stained nuclei. Note distorted pancreatic acini (bent arrow)×400. (D) A section of a rat from group III showing an islet of Langerhans 
(arrow head) with vacuolated cells (↑) surrounded by exocrine pancreatic acini ×400. (E) A section of a rat from group IV showing an 
islet of Langerhans (arrow head) and some cells with vacuolated cytoplasm (bent arrows)×400. (F) A section of a rat from group V revealed 
well-defined islet of Langerhans (arrow head) composed of cords of endocrine cells which are small with a pale-stained granular cytoplasm, 
exocrine pancreatic acini (bent arrows) and small blood capillaries (↑)×400. 

MSCs＋obestatin) showed the histological picture of this 
group was more or less similar to that of the control group 
without any pathological changes as shown in Fig. 3F.

Immunohistochemical results
  GFP expression: Immunohistochemical GFP ex-
pression was analyzed in pancreatic tissue to demonstrate 
cell viability because proper cell engraftment is very im-
portant for any transplantation study (Fig. 4A). Staining 
of transplanted MSCs was confirmed by estimation of 
CD105 antigen in pancreatic tissue of groups treated with 

MSCs (Fig. 4B). The brown color was present in 
cytoplasm.
  Insulin immunostaining: Pancreatic sections of rats in 
group I showed strong positively stained secretory gran-
ules of the β cells constituting the major population of 
the islets Fig. 4A, while pancreatic sections of rats in 
group II showed a decrease in the positively stained secre-
tory granules of the β cells Fig. 4B. However, pancreatic 
sections of rats in group III showed relative increase in 
positively stained secretory granules of β cells compared 
with the group II Fig. 4C. Also, relative increase in pos-
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Fig. 4. Photomicrographs sections in the tail of pancreas revealed islets of Langerhans (immunohistochemistry anti-insulin antibodies X400) 
showing. (A) Strong positively stained secretory granules of the β cells in a control rat. (B) Mild positively stained secretory granules 
of the β cells in a rat fromT2DM group. (C) Moderate positively stained secretory granules of β cells of a rat from T2DM＋MSCs group. 
(D) Moderate positively stained secretory granules of β cells in a rat fromT2DM＋obestatin group. (E) A highly positive stained secretory 
granules of β cells in a rat fromT2DM＋MSCs＋obestatin group.

itively stained secretory granules of β cells was seen in 
pancreatic sections of rats in group IV compared with the 
group II Fig. 4D. Furthermore a highly positive stained 
secretory granule of β cells was seen in pancreatic sec-
tions of rats in group V compared with the group II Fig. 
4E.
  Bax immunostaining: Pancreatic sections of rats in 
group I showed negative Bax immunostaining in the islets 
of Langerhans Fig. 5A, while group II showed highly ex-
pressed positive Bax immunostaining in the islets of lan-
gerhans indicating increasing rate of cellular apoptosis 
Fig. 5B. Pancreatic sections of rats ingroup III showed 
weak positive Bax immunostaining in the islets of 

Langerhans Fig. 5C. Also, pancreatic sections of rats in 
group IV showed weak positive Bax immunostaining in 
the islets of Langerhans Fig. 5D. Finally pancreatic sec-
tions of rats ingroup V showed minimally expressed Bax 
immunostaining in the islets of Langerhans Fig. 5E.

Morphometric results
  The mean area percentages of insulin immunostaining 
for all groups were represented in (Table 5) and (Fig. 6). 
There was significant decrease in mean area percentage of 
insulin immunostaining in group II compared to the 
group I (p＜0.05), while treatment with either MSCs 
(group III) or obestatin (group V) caused significant in-
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Fig. 5. Photomicrographs of sections in the tail of pancreas revealed islets of Langerhans (immunohistochemistry anti-Bax antibodies ×400)
showing. (A) Negative immunostaining of the β cells in a control rat. (B) Highly positive Bax immunostaining in the islet of Langerhans 
indicating increasing rate of cellular apoptosis in a rat from T2DM group. (C) Weak positive Bax immunostaining in the islet of Langerhans 
in a rat from T2DM＋MSCs group. (D) Weak positive Bax immunostaining in the islet of Langerhans in a rat fromT2DM＋obestatin group. 
(E) Minimally expressed Bax immunostaining in the islet of Langerhans in a rat fromT2DM＋MSCs＋obestatin group.

Table 5. Showed the mean area percentages of insulin and Bax immunostaining in all groups

Group I 
(Control)

Group II 
(T2DM)

Group III
(T2DM＋MSCs)

Group IV
(T2DM＋obestatin)

Group V
(T2DM＋MSCs＋obestatin)

The mean area % of 
insulin immunoreaction

55.84±0.331b,c,d  17.32±0.421a,c,d,e 33.23±0.434a,b,e 31.54±0.323a,b,e 56.73±0.431b,c,d

The mean area % of 
Bax immunoreaction

1.841±0.031b,c,d 22.303±0.403a,c,d,e 6.449±0.204a,b,e 5.490±0.021a,b,e 2.211±0.316b,c,d

aSignificant difference (p＜0.05) compared with control group.
bSignificant difference (p＜0.05) compared with T2DM group.
cSignificant difference (p＜0.05) compared with T2DM＋MSCs group.
dSignificant difference (p＜0.05) compared with T2DM＋obestatin group.
eSignificant difference (p＜0.05) compared with T2DM＋MSCs＋obestatin group.
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Fig. 6. The mean area percentages of insulin and Bax immunostain-
ing for all groups. aSignificant difference (p＜0.05) compared with 
control group. bSignificant difference (p＜0.05) compared with 
T2DM group. cSignificant difference (p＜0.05) compared with 
T2DM＋MSCs group. dSignificant difference (p＜0.05) compared 
with T2DM＋obestatin group. eSignificant difference (p＜0.05) com-
pared with T2DM＋MSCs＋obestatin group.

crease in the mean area percentage of insulin immuno-
staining when compared to group II (p＜0.05). Furthermore 
group V showed non-significant difference when compared 
to the control group. 
  The mean area percentages of Bax immunostaining for 
all groups were represented in (Table 5) and (Fig. 6). 
There was significant increase in group II compared to the 
control group (p＜0.05), while group III and group IV 
showed significant decrease in the mean area percentages 
of Bax immunostaining when compared to group II (p＜0.05). 
Furthermore group V showed non-significant difference 
when compared to the control group.

Discussion 

  The usage of medications for treatment of diabetes is 
associated with many risks such as hypoglycaemia, weight 
gain or gastrointestinal intolerance. Moreover, these ther-
apeutic agents lose their efficacy over time, resulting in 
a loss of glycaemic control. This can be explained by the 
fact that usual medications fail to address the progressive 
loss of β cell mass and function (27). For these reasons, 
there is a need for new therapeutic approaches for the 
treatment of diabetes.
  In the current study administration of HFD for 8 weeks 
and STZ injection led to significant increase in BMI, se-
rum glucose and insulin resistance indicated by increase 
in HOMA- IR with significant decrease in insulin and β 

cell function indicated by decrease in HOMA- β. Also the 
Present study showed decrease in serum level of C peptide 

in diabetic rats. Serum C-peptide level is a true indicator 
of any change in the insulin level because it is co-secreted 
with insulin by the pancreatic cells as a by-product of the 
enzymatic cleavage of proinsulin to insulin (14). Further-
more, immunohistochemistry showed decrease in insulin 
staining intensity and reverse transcriptase PCR showed 
significant decrease in insulin mRNA level in pancreatic 
tissues. Also, there were vacuolated cytoplasm and some 
pycnotic nuclei revealed in H&E stained sections and in-
crease of Bax reaction (an indicator for apoptosis) in islets 
of Langerhans.
  These findings are consistent with other studies (16, 28, 
29) showing that HFD combined with STZ administration 
induced progressive β cell dysfunction in T2DM rats. 
Many studies have shown multiple pathways and mecha-
nisms to be involved in β cell damage in T2DM. These 
include; increased glucosamine pathway activity, increased 
oxidative stress (30), accelerated glucolipotoxicity, in-
creased endoplasmic reticulum stress (31), glycation stress 
(29), activation of inflammatory pathways and toxic accu-
mulation of islet amyloid polypeptide and the end result 
is β cell de-differentiation and death by apoptosis (32). 
  Also in agreement with this study, Song et al. (33) stat-
ed that pancreatic tissues after STZ administration 
showed degenerative histological changes and islet shrink-
age, as well as weak insulin-reactivity in B cells. They re-
ported that STZ destroys islet cells through several mecha-
nisms, including the production of reactive oxygen spe-
cies, activation of pancreatic nuclear factor-κB, and in-
duction of immune responses and inflammatory.
  The present study revealed that glucose, insulin resist-
ance, serum insulin, C-peptide, β cell function and ex-
pression of insulin mRNA were improved by repeated in-
fusion of MSCs as they significantly suppressed pancreatic 
islet damage. These results were in agreement with 
Mansor et al. (16) who showed that MSCs possess tissue 
repair and/or cytoprotective properties possibly due to 
their preferential homing property to injured pancreatic 
tissues with significant islet reconstruction. Additionally 
MSCs treatment significantly improved insulin sensitivity. 
These findings demonstrate that MSCs can decrease hy-
perglycemia by modulating the insulin sensitivity of pe-
ripheral target tissues. Also MSCs infusion could restore 
the concentration of total glucose transporter 4 (GLUT4) 
and promote GLUT4 translocation to the cell membrane, 
thus facilitating glucose utilization and decreasing insulin 
resistance (34).
  The ameliorative effect of MSCs was also confirmed by 
the amelioration in histological structure by H&E stain, 
the increase of immunoreactivity for insulin and decrease 
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of Bax reaction in islets of Langerhans of animals in 
group III.
  On the other hand administration of obestatin showed 
significant decrease in BMI, serum glucose, and insulin 
resistance with significant increase in serum insulin, 
C-peptide, β cell function and expression of insulin mRNA 
in pancreatic tissues. The ameliorative effect of obestatin 
was also confirmed by the amelioration in histological 
structure by H&E stain, the increase of immunoreactivity 
for insulin and decrease of Bax reaction in islets of 
Langerhans of animals in group IV.
  These results are in accordance with Granata et al. (8) 
who showed that obestatin reduces insulin resistance and 
β cell damage in mice fed a high fat diet and reported 
that the signaling pathways involved in these effects in-
cluded cyclic adenosine monophosphate (cAMP) increase, 
phosphorylation of survival and proliferative pathways 
such as phosphatidylinositol 3-kinase, and extracellular 
signal-related kinase.
  Another mechanisms explained by Baragli et al. (35) 
who showed that obestatin may promote in vitro βcell 
generation from mouse pancreatic islet-derived precursor 
cells. Treatment of cultured islets of Langerhans with obe-
statin enriched cells expressing the mesenchymal/neuro-
nal marker nestin, which is associated with pancreatic pre-
cursors, increased cell survival and reduced apoptosis dur-
ing precursor selection and promoted the generation of is-
let-like cell clusters.
  Regarding the abnormally high concentration of serum 
lipids in diabetic rats, al-Shamaony et al. (36) reported 
that insulin resistance will enhance the generation of 
cholesterol. The increase in serum LDL-C level may result 
from non-enzymatic glycosylation of LDL-C and may re-
sult in decreased LDL clearance. In the present study, 
treatment of diabetic rats with MSCs normalized lipid 
profile pattern. This result was in agreement with that of 
Ahmed et al. (37) who explained the improvement of lipid 
profile by MSCs caused by improving β cell function and 
decreasing insulin resistance. 
  On the other hand administration of obestatin in the 
current study led to significant improvement in lipid pro-
file and this result explained by Agnew et al. (38) who 
showed that obestatin induces the phosphorylation of 
AMP-activated protein kinase in adipocytes, whose activa-
tion is associated with inhibition of lipolysis. Also they re-
ported that obestatin infusion was found to decrease the 
expression levels of ATP-binding cassette A1, a key choles-
terol transporter. Granata et al. (8) addressed another ex-
planation for reduction of TG and TC which may be at-
tributed to influences of obestatin on intestinal TG 

absorption. Furthermore, obestatin could be included in 
the neuroendocrine regulation of food intake and energy 
homeostasis by stimulation of fatty acid uptake and pre-
vent its release and lipolysis.
  Moreover the current study showed significant decrease 
in BMI in diabetic rats treated with obestatin when com-
pared to the diabetic non treated group. This result runs 
parallel to that of Smitka et al. (39) who showed that BMI 
reduced in obestatin-treated obese rats and explained that 
by its anorexigenic effect and by reduction of food intake. 
Moreover, obestatin may lead to sustained suppression of 
gastric emptying activity and may cause inhibition of jeju-
nal contraction, which may trigger an afferent vagal signal 
to stimulate central satiety center. By comparing the effect 
of obestatin and MSC treatment there was superior pro-
tective effect concerning body weights, BMI, serum glu-
cose, TC, TG, LDL, HOMA-IR and HOMA-β to obestatin. 
This protective effect may be due to the anorexigenic ef-
fect of obestatin and reduction of food intake.
  The data obtained from this study showed significant 
reduction in GLP1 receptor expression in pancreatic tis-
sue of diabetic group when compared to the control group. 
This result is in accordance with Xu et al. (40) who dem-
onstrated that insulin is a GLP-1 secretagogue, while in-
sulin resistance in the intestinal L cell reduces basal and 
stimulated GLP-1 release. Stimulation of insulin secretion 
by the GLP-1 has been found to be diminished in T2DM. 
We hypothesized that this impairment is due to a defect 
at the receptor level induced by the diabetic state, partic-
ularly hyperglycemia. In hyperglycemic rats gene ex-
pression of GLP-1 receptor was significantly decreased in 
islets of langerhans and could recover when glucose levels 
were normalized. Holz (41) explained that hyperglycemia 
acts through the protein kinase C (PKC) pathway to de-
sensitize the GLP-1 receptor. As PKC phosphorylates the 
GLP-1 receptor with a resultant rapidly diminished 
signaling.
  Injection of MSCs in rats having T2DM showed sig-
nificant increase in expression of GLP-1 mRNA when 
compared to the diabetic rats. To the best of our knowl-
edge it is the first study examine the effect of MSCs in-
jection on expression of GLP-1 receptor in pancreatic tis-
sue of T2DM model. We suggest that the protective effect 
of stem cell may be mediated by increasing the expression 
of GLP-1 mRNA, as GLP-1 acts as a growth factor for the 
β cell both in experimental animal models and cultured 
β cells by stimulating proliferation, survival and 
differentiation. GLP-1 promotes DNA synthesis, activates 
phosphatidylinositol 3-kinase and increases transcription 
factor pancreatic and Pdx1 DNA binding activity in β 
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cells. Therefore, GLP-1 addresses the deterioration of β 

cell function in the etiology of type 2 diabetes (42).
  Moreover administration of obestatin showed significant 
increase in the pancreatic expression of GLP-1 receptor 
when compared to the diabetic non treated group. These 
results go parallel to that of Agnew et al. (38) who showed 
that in human islets, obestatin promoted the expression 
and phosphorylation of insulin receptor substrate 2 
mRNA, which is implicated in GLP-1 receptor signaling 
and activated cAMP response element-binding protein, a 
main regulator of glucose homeostasis and β cell survival.
  By studying the effect of T2DM on pancreatic ex-
pression of Pdx1 gene, there was significant decrease in 
Pdx1gene expression when compared to the control group. 
In line with our data, Butler et al. (43) showed that chron-
ic hyperglycemia and dyslipidemia, which are major fea-
tures of type 2 diabetes, cause β cell dysfunction via re-
duced Pdx1 expression that causes apoptotic β cells. Also 
Yang et al. (44) suggested that hyperglycemia may be a 
factor behind increased DNA methylation of Pdx1 that de-
creases gene expression of Pdx1.
  To the best of our knowledge it is the first study exam-
ine the effect of MSCs injection on expression of Pdx1 
gene in pancreatic tissue of T2DM model. Injection of 
MSCs to diabetic rats showed significant increase in Pdx1 
gene expression when compared to non-treated diabetic 
rats. While Vishwakarma et al. (45) demonstrated sig-
nificant elevation of Pdx1 gene with the use of MSCs in 
type 1 diabetes mellitus in rats and showed that Pdx1 is 
a master switch gene that controls gene expression cascade 
of all other transcription factors responsible for endocrine 
neogenesis.
  On the other hand, administration of obestatin sig-
nificantly increased Pdx1 gene expression in pancreatic 
tissue when compared to diabetic non treated group. 
These results explained by Granata and Ghigo (46) who 
showed that obestatin upregulated Pdx1 genes that play 
a key role in β cell survival, differentiation, and glu-
cose-induced insulin secretion.
  The author's attention was also focused on the role of 
apoptosis in the development of T2DM. Immunohisto-
chemical results of group II (T2DM) showed highly ex-
pressed positive Bax immunostaining in the islet of 
Langerhans indicating increase in the rate of cellular 
apoptosis, while treatment with either obestatin (group 
III) or MSCs (group IV) revealed significant decrease in 
Bax immunostaining. Finally combination of MSCs and 
obestatin (group V) showed minimally expressed Bax im-
munostaining in the islet of Langerhans. In diabetes, 
Granata et al. (8) showed that the pancreatic cells not only 

undergo apoptosis but also become necrotic and are un-
able to secrete insulin.
  Another study conducted by Bansal et al. (47) revealed 
that increased apoptosis rather than decreased neo-
genesis/proliferation might be the main mechanism lead-
ing to reduced β cell mass in T2DM. In case of treatment 
with MSCs Wassef et al. (48) showed balance in the ex-
pression of anti- and pro-apoptotic proteins by MSCs 
treatment, leading to increased cell survival. Regarding 
the effect of obestatin Granata et al. (8) reported that obe-
statin inhibits apoptosis of pancreatic β cells and human 
islets, and up-regulates genes essential for β cell survival 
and endocrine differentiation. 
  We have also considered the consequences of combined 
administration of MSC and obestatin on all parameters 
and the results showed significant improvement of all pa-
rameters reaching to nearly the control level as there was 
non-significant difference when compared to the control 
group. Suggesting that administration of obestatin may 
help improving the in vivo β cell regeneration induced 
by MSCs, as Bonner-Weir et al. (49) investigated that obe-
statin enhances in vitro generation of functional islet-like 
cell clusters from islet- derived mesenchymal- like cells. 
They explained that by (i) increasing the expression of the 
mesenchymal/neuronal marker nestin, which is associated 
with pancreatic precursors; (ii) increaseing cell survival 
and reduceing apoptosis during precursor selection; (iii) 
promoting the generation of islet-like cell clusters with in-
creased insulin gene expression and C-peptide secretion. 
Furthermore, obestatin modulated the expression of fibro-
blast growth factor receptors, Notch receptors and neuro-
genin 3 during endocrine differentiation. And so they sug-
gested implications of obestatin in cell replacement ther-
apy and highlighted its importance as therapeutic candi-
date in diabetes treatment. 

Conclusion 

  The results of this study proved that MSCs injection 
could partially reconstructs islet function and effectively 
ameliorates hyperglycemia and hyperlipidemia in ex-
perimental model of T2DM and more protective effect was 
reached when combined with obestatin. This protective ef-
fect is mediated through increasing the pancreatic ex-
pression of GLP-1 and Pdx1 genes and by decreasing 
apoptosis.
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