
V
D
A
IS
C
A
h

 
 
 
 
 

Fu
 

 
 
INT
 
Bon
MS
unl
cell
  

*C
 
Au
Int
 
Ab

Vol. 13(47), pp
DOI: 10.5897/A
Article Numbe
SSN 1684-5315
Copyright © 20
Author(s) retain
http://www.ac

ull Length 

The ro

Int

3D

Stroke is th
Recovery a
mesenchym
was directe
as to study
for Middle 
possess th
positive res
surface ma
intravenous
MCAO in m
in the cereb
tissues. In 
may provid
 
Key word
bromodeoxy

TRODUCTION

ne marrow d
SCs), like ot
imited self-re
ls from variou

Corresponding a

uthor(s) agree t
ternational Lice

bbreviations: 

. 4399-4409, 19
AJB2014.13751
r: 0504FEE4862

5  
014 
n the copyrigh
cademicjourn

Research

ole of b

tissar Num

1Depa
2D

Department of

he third mos
after a maj

mal stem cell
ed to isolatio
y the role of 

Cerebral Ar
he ability to 
sponse for 

arker (CD34¯)
s administra

mature rats, d
bral cortex a
conclusion, 
e a cell sour

ds: Middle 
yyuridin. 

N 

derived mes
ther stem ce
newal and th

us cell lineage

author. E-mail:

that this article
ense 

MSCs, Mesenc

9 November, 
 
26 

ht of this article
als.org/AJB 

h Paper 

bone m
cel

mman Wahe
M

artment of Bio
Department of
f Biology, Col

Receiv

st common c
or stroke is
ls (MSCs) is 
n and cultiva
intravenous 
rtery Occlus
aggregate a
CD105+ (the

), characteris
ation of Brom
demonstrate
and heart tis
intravenous

rce to treat st

cerebral a

senchymal st
ells, have th

hey give rise 
es (Doeppne

  intissar_numm

 remains perm

chymal stem c

2014  

e 

marrow
ls in in
eed1*, Anw
Mohamma

logy, Faculty 
f Biology, Col
lege of Scien

ved 22 February

cause of dea
s usually li
emerging w

ation of the b
administrat

sion (MCAO
and form co
e specific m
stic for the h
modeoxyyur
d survival, e

ssues. Howe
sly administe
troke and he

artery occlus

tem cells (B
he capacity 
to differentiat
r and Herman

man@yahoo.c

anently open a

ells; BM, bone 

w deriv
nduced

 
war Abdul-A
ad Abdul-H

 

of Science, Z
llege of Scien

nce for Wome
 

y, 2014; Accepted
 

ath, and a le
imited, but 
ith fixed neu
bone marrow
ion of BM-M
). MSCs are

olonies-formi
marker for M
hematopoiet
ridin (BrdU) 
engraftment a
ever, these c
ered BM-MSC
eart disease. 

sion, mesen

BM-
of 

ted 
nn, 

2010)
types
endod
identi

com. Tel: +9647

access under th

marrow. 

Afric

ved me
d strok
Ameer Mo

Hadi Gali3 

Zakho Univers
nce, Diyla Uni
en, Baghdad U

d 29 October, 20

eading cause
cell therap

urologic defic
w (BM) derive

MSCs in matu
e spindle in
ing unit – fi
MSCs detect
ic cells. The
labeled BM
and migratio

cells were no
Cs enter bra
  

nchymal ste

). This mean
s of cells of
dermal and e
ified as an a

7700521517. 

he terms of the

can Journ

esench
ke 
ohammed K

sity, Duhok, I
iversity, Iraq. 

University, Ba

014 

e of physica
py, especiall
cits. The aim
ed MSCs fro
ure male rats
n shape fibr
broblast (CF
tion) and ne
e immunohis
-MSCs after

on of system
ot indicated 
ain and heart

em cells, 

ns, MSCs is 
f mesoderma
ectodermal li
adherent, fibro

e Creative Com

al of Biote

hymal s

Karim2 and

raq. 

aghdad, Iraq.

al disability i
ly by applic

m of the curre
m young rat
s as an anim
roblast-like c
FU-F). MSCs
egative resp
stochemistry
r 24 h of me

mically delive
in the lung 

t, and surviv

rats, transp

not only diffe
al lineage, b
neages. MSC
oblast-like po

mmons Attributi

echnolog

stem 

d  

in adults. 
cation of 
ent study 
s, as well 

mal model 
cells and 
s showed 
ponse for 
y study of 
echanical 
ered cells 
and liver 

ve of this, 

plantation, 

erentiated into
but also into
Cs have been
opulation, and

on License 4.0

 

y 

o 
o 
n 
d 

0 



4400         Afr. J. Biotechnol. 
 
 
 
they can be isolated from different adult tissues, including 
BM, umbilical cord, skeletal muscles and adipose tissue 
(Li and Ikehara, 2013). There are some characteristics 
that make MSCs safe and promising candidates for 
application in tissue regeneration procedures. Progenitor 
and pluripotent MSCs, which are located in all tissues 
and organs, have a connective tissue component, with 
the potential to form at least four tissues of mesodermal 
origin (Young et al., 1995), for instance MSCs have been 
purified from articular cartilage culture (Eslaminejad and 
Taghiyar, 2007). Beside, broad range of MSCs distri-
bution, these cells are free from ethical concerns, they 
also possess non-immunogenic properties, have injury-
seeking capabilities, and can be used as vehicles for 
gene therapy (Zomorodian and Eslaminejad, 2012). 
Accumulating evidences support the beneficial effects of 
MSCs transplantation: in neurodegenerative diseases 
(Torrente and Polli, 2008); for attenuation pain, induced 
by spinal cord injuries (Takikawa et al., 2013); in both 
patients with Ischemic Stroke (Lee et al., 2010) and 
animal models of stroke (Chen et al., 2001b; Doeppner 
and Hermann, 2010).  

Stroke is a leading cause of death, along with cancer 
and coronary heart disease, and it is the most common 
cause of physical disability in adults (Kim et al., 2013). 
Approximately 80% of all strokes are ischemic with 
occlusion of a cerebral artery, leading to infarction of 
brain tissue and consequent death of neurons and/or glia. 
Subsequent symptoms depend on both the location of 
the lesion and the cell types lost (Williamson et al., 2008). 
Moreover, stroke causes a greater loss of healthy life 
years, as measured in disability-adjusted life years, than 
over illnesses (Hong et al., 2011). Recently, cell-based 
therapy has been evaluated as a regenerative strategy 
for patients with fixed neurologic deficits after stroke (Kim 
et al., 2013). Therefore, several clinical trials have used 
BM-MSCs in stroke and the results from these studies 
have raised important issues. Specifically, different varia-
tions according the patient characteristics, cell therapy 
timing, dose and type of cells delivered and mode of 
treatment, have been noted (Bhasin et al., 2011; Savitz et 
al., 2011; Friedrich et al., 2012; Kim et al., 2013). 

Since the BM is very an important source of adult stem 
cells, especially of MSCs, the aim of the current study 
was connected with isolation and cultivation of BM-MSCs 
from young rats, to maintain them through several 
passages, and to study the role of intravenous 
administration of BM-MSCs, derived from different 
passages in stroke. 
 
 
MATERIALS AND METHODS 
 
Isolation and cultivation of BM-MSCs  
 
Mesenchymal stem cells (MSCs) were harvested from young albino 
male rats (53 to 58 days old and weighting 128 to 197 gm). Rats 
were obtained from the Animal Breeding House, College of 
Education, University of Duhok, Duhok, Iraq. The animal experiments 

 
 
 
 
were done in Animal Tissue Culture Laboratory, Scientific Research 
Center, University of Duhok. The rats were sacrificed by using 
chloroform, and the BM-MSCs cultures were prepared according to 
Peister et al. (2004) with some modification. Briefly, under sterile 
conditions, BM was harvested by flushing the tibial and femoral 
bone marrow cavities with complete culture media [Iscove's 
modified Dulbecco medium (IMDM) (US Biol-USA), supplemented 
with 15% fetal bovine serum (FBS) (Invitrogen)]. Our modification 
was the use of IMDM instead of RPMI-1640 medium, and 15% FBS 
instead of 9% FBS and 9% horse serum which were used by 
Peister et al. (2004). Marrow plug suspension was dispersed by 
Pasture pipette. The so-called obtained cells suspension was 
resuspended in 4 to 5 ml of phosphate buffer saline (PBS), and 
layered over an equal volume of Ficoll-Paque (1.077 g/ml) (US Biol 
–USA). Then, the cell suspension was centrifuged at 2500 to 3000 
rpm for 25 min at 8°C. After density gradient centrifugation, the 
resulting mononuclear cells (MNCs) and stem cells populations 
were retrieved from the Buffy coat and placed in a sterile conical 
tube, then washed two times with PBS and centrifuged at 2000 rpm 
for 10 min. 

The MNCs derived stem cells population suspension were 
seeded in 25 cm3 plastic tissue culture flasks (Denemark: Nunc) 
with 5 ml IMDM plus 15% FBS, and cultivated in incubator with 5% 
CO2 (Korea LabTecl) at 37°C in a humidified atmosphere for 21 
days, until they reached confluence and were defined as passage 
0. Cultures of MSCs were inspected daily and re-fed every three 
days by replacing half of culture medium by an equal volume of 
fresh medium. The MSCs were isolated on the basis of their 
morphology and ability to adhere to the tissue culture flask 
(Javazon et al., 2001). So, when the culture reached approximately 
80 to 90% monolayer confluence, the cells were recovered using 
0.25% trypsin-EDTA and the final product was resuspended in 1 ml 
of IMDM plus 15% FBS. Then, the cell number and viability were 
determined using 0.4% trypan blue prepared in 0.9% normal saline 
(Buzanska et al., 2002). The cells were re-cultured in new plastic 
tissue culture flasks at a density of 5 X 104 cells / cm2. 
 
  
Immunophenotypic analysis of BM-MSCs 
 
At the 2nd passage, BM-MSCs were trypsinized into single cell 
suspension and re-cultured in multi-well tissue culture plates (4-
wells), containing Poly-L-Lysine (Sigma-Germany), pre-coated 
cover slides at a density of 1×103 cell/well in IMDM medium, 
supplemented with 15% FBS. The cultures were maintained in CO2-
incubator, in the same culture conditions until they reached 
confluence. The attached cells were washed with PBS and fixed 
with 4% Phosphate buffered formalin for 10 min, then detected by 
immunocytochemistry method using mouse monoclonal antibodies 
against human CD105 and CD34 (Abcam). This procedure was 
performed according to the manufacturer's instructions of these CD 
markers (Buzanska et al., 2002) and counter stained with Harris 
Hematoxylin. 
 
 
Stroke induction 
 
Animal model for middle cerebral artery occlusion (MCAO) 
 
Adult albino male rats (n=28), weighing 270 to 300 g, were 
subjected to middle cerebral artery occlusion (MCAO). The animals 
were anaesthetized with 70 mg/kg body weight intra-peritoneal (i.p.) 
injection of ketamine and 5 mg/kg body weight xylazine (Gonzalez 
and Klob, 2003). MCAO was induced by a method of intra-luminal 
vascular occlusion described by (Chen et al., 1992; 2001a). Briefly, 
1.5 cm incision was made in the right side of the animal neck, and 
then sterile small size cannula was gently inserted into the right 
common carotid artery and advanced toward the internal carotid
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way, increase the possibilities for clinical application of 
MSCs in treatment of different human diseases, which 
require substantial number of cells, a factor that makes 
the ex vivo-expansion of MSCs are very necessary 
(Hassan and El-Sheemy, 2004). Furthermore, MSCs 
transplantation in neurodegenerative diseases has been 
proven as feasible, safe and potentially effective. 
Although, there are doubts concerning the exact 
mechanisms, responsible for the beneficial outcome 
observed after MSCs transplantation into neurodege-
nerative tissue (Torrente and Polli, 2008; Li and Ikehara, 
2013) have reported that MSCs are capable of secrete 
factors, including IL-6, IL-10, human growth factor (HGF), 
as well as platelet-derived growth factor (PGE2), that 
promote tissue repair, stimulate proliferation and differen-
tiation of endogenous tissue progenitors, and decrease 
the inflammatory and immune reactions. From the current 
data, we can conclude that the intravenously-adminis-
tered BM-MSCs enter brain and heart, and they survive, 
which might provide a cell source for treatment of stroke 
and heart diseases. 
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