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Abstract: Aim: The purpose of this study was to investigate the effect of bone marrow mesenchymal stem cells
(MSCs) on cardiovascular complications of type 1 diabetes mellitus (DM) in rats associated with heart failure.
Material and Methods: BM-MSCs were derived from the human bone marrow. The MSCs were characterized
morphologically and by RT-PCR for CD29 expression. They were then infused into rat tail vein which were they
were made diabetic by IP injection of streptozotocin (STZ) and also we induce heart failure through injection of
adramycin. The rats were divided into control, diabetic(D), and diabetic and heart failure(D_HF) plus MSC groups
where D-HF rats injected with human bone marrow derived stem cells(BM-MSC). Serum glucose, insulin, and
fibrinogen were estimated in all groups. Physiological cardiovascular functions :Systolic and diastolic blood
pressure, echocardiography were assessed. Homing of BM-MSCs in cardiac tissue and histological examination
were done at the end of the experiment. Results: Diabetic rats which received MSCs showed significantly lower
serum glucose and increased serum insulin levels compared with the D- HF group. Improvement of cardiovascular
performance was also observed in the D-HF group compared with the D group. Homing of stem cells was detected
in cardiac tissues of the BM-MSC group. Conclusions: Human bone marrow harbors cells that have the capacity to
differentiate into functional insulin-producing cells capable of controlling blood glucose level in diabetic rats.
Furthermore, MSC transplantation can improve cardiac function in diabetic rats associated with heart failure.
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1. Introduction chondrocytes, osteoblasts, myoblasts and adipocytes
Diabetes mellitus (DM) is a strong risk [7]. Bone marrow derived mesenchymal stem cells
factor for cardiovascular complications. The (BM-MSCs) have been implicated in cardiovascular
development of macrovascular diseases (coronary repair. In vitro studies have demonstrated their
artery disease, peripheral vascular disease, and capacity to morphologically and functionally
stroke) in both diabetes mellitus type 1 (DMT1) and transdifferentiate into myocyte resembling cells [8,
diabetes mellitus type 2 (DMT2) is 2—4 times more 9]. However, it is still unclear whether these
common compared to non-diabetics when all other observations contribute to their reparative effects
cardiovascular risk factors are taken into following transplantation [10, 11, 12]. This is further
consideration [1, 2]. DM associated with complicated by low rates of myocardial retention and
characteristic structural and functional changes of the survival [13]. Alternatively mesenchymal stem cells
myocardium independent of coronary atherosclerosis may facilitate endogenous repair processes where
is termed diabetic cardiomyopathy (DCM). DCM is a paracrine actions may underlie much of this
microvascular  disease  in  which  chronic reparative potential [14, 15].
hyperglycemia and elevated glycosylation end In clinical settings, stem cell transplantation
products are contributing factors [3]. Heart failure is a promising therapy for patients with heart failure
(HF) is more commonly seen in individuals with where most conventional therapies cannot replace for
diabetic cardiovascular complications. In this context, the substantial cell loss. In this regards, human BM-
DCM is increasingly recognized as a cause of HF [4, MSCs have demonstrated a moderate efficacy
5]. Diabetes therefore independent of coronary artery probably due to paracrine effect of engrafted BM-
disease, carries an increased risk of HF [6]. MSCs on residual host cardiomyocytes [12] or
Mesenchymal stem cells (MSCs) are adult neovascularization [13, 14]. However, data regarding
stem cells derived from different tissues including the use of human BM-MSCs in diabetes with heart
bone marrow and adipose tissue. They have the failure are still lagging. We previously reported that
capacity of self renewal and differentiation into rat BM-MSCs improved cardiac function in animal

multiple cell lineages, including but not limited to

3413



Life Science Journal 2013;10(1)

http://www.lifesciencesite.com

models of diabetes and cardiovascular complications
[ 16].

Recently, human adipose-derived stem cells
(AT-MSCs) have also gained great interest for their
application in cardiac repair. Besides their ability to
differentiate toward mesodermal, mesenchymal and
neuronal  phenotypes|] 17]  their  reduced
immunogenicity [18] make them of special interest.
In myocardial infarction, transplantation of AT-
MSCs has been shown to induce neovascularisation,
reduce infarct size and scar formation [14].

We therefore aimed to evaluate the potential
effect of human BM-MSCs in an experimental model
of diabetes and heart failure in rats.

2. Materials and Methods
1. Expansion of Bone Marrow MSCs:

Bone marrow cells were obtained from iliac crest
aspirated from healthy donors giving their BM for
allogeneic transplantation purposes, after informed
consent, and were used in accordance with the
procedures approved by the human experimentation
and ethics committees of Faculty of Medicine, Cairo
University. Samples were hydrostatically expelled
from the bones with complete medium, consisting of
Dulbecco’s Modified Eagle’s Medium (DMEM)
containing selected lots of 10% calf serum and
antibiotics (100 U/ml penicillin G, 100 pg/ml
streptomycin, 0.25 mg amphotericin B, all obtained
from Gibco laboratories) in a humidified atmosphere
of 5% CO,. The marrow plugs were disaggregated
and the dispersed cells were centrifuged and re-
suspended twice in complete medium. Mononuclear
cell separation was done using Ficol Hypaque density
gradient centrifugation. Mononuclear cell (MNC)
layer was aspirated, washed in phosphate buffered
saline, and cell count and viability performed. 1
million MNCs were plated in T25 flasks in complete
medium as previously described. Cultures were
incubated in 5% CO2 incubators at 37°C. Medium
was replaced every 3 days and the non-adherent cells
discarded at day 5. Each primary culture was twice
divided into three new plates and cultured until the
cell density of the colonies grew to approximately
90% confluence. At this point, cells were dislodged
using 5 mL 0.25% trypsin-EDTA for 5 minutes at
37°C, followed by the addition of 1ml foetal calf
serum to stop the action of trypsin. Cells were then
washed by phosphate buffered saline (PBS) and
subsequent counting and viability testing using
trypan blue exclusion test was done.

2. Flow Cytomeric Analysis of Cell Surface

Antigens

Analysis of cell surface molecules (CD34,
CD44) and intracellular molecules (Oct 3/4) was
performed on cultured stem cells after being detached
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and suspended in PBS. On the day of analysis,
unattached cells in cultures were washed out with
PBS, and adherent cells were trypsinized. After
washing, cells were suspended in 0.5% BSA in PBS
at a concentration of 4 x 104 per mL and incubated in
blocking buffer (containing 25 pg/mL IgG) for 10
min followed by 40-min incubation with monoclonal
antibodies labeled with fluorescein isothiocyanate
(FITC) against CD34, CD44 (Beckman Coulter,
France) and acquired onto FACSCalibur (Beckman
Coulter, NE15106, USA). For intracellular molecules
(Oct 3/4),the cells were incubated with phycoerythrin
(PE)-conjugated antihuman/ mouse Oct 3 /4
monoclonal  antibodies  after  fixation and
permeabilization (R & D Systems) and acquired onto
FACS Calibur (Beckman Coulter, NE15106, USA).
3. Stem cell labelling:

For tracking of stem cells in cardiac tissue, bone
marrow derived mesenchymal stem cells were
labelled using green fluorescent protein GFP
(EzWay™ Transfection Reagent, Komabiotech). For
initial optimization of transfection, ratios of plasmid
DNA and EzWayTM Transfection reagent were
constructed according to manufacturer instructions,
incubated for 30 minutes at room temperature and
directly added to cultured cells in a final volume of
1000ul/100mm. Cells were then incubated for 24-48
hours to choose the highest transfection ratio prior to
testing [19, 20].

4. Animals:

Forty male Wistar rats weighing 200-220 gms
were used in this study. Animals were kept in the
animal care facility of the Faculty of Medicine, Cairo
University. Animals were kept in chip-bedded cages
at room temperature under a 12:12-hr light —dark
cycle and were given free access to standard rat chow
and water for the entire duration of the study. The
experimental protocol and procedures were approved
by the Institutional Animal Care and ethical
committee, kasr Al-Aini Faculty of Medicine, Cairo
University.

Animals were randomly allocated into the
following groups: Group 1, Control (C) group (n =
10) injected by vehicle of normal saline (0.2 ml i.p.),
for six equal doses over 2 weeks. Group 2,Diabetic
(D) group (n=10 rats) injected by a single dose of
streptozotocin (STZ) to induce diabetes mellitus (65
mg/kg body weight i.p., MP Biomedicals, stored at
+4°C in sodium citrate buffer, pH 4.5) [ 2 .
Group3,Diabetes and heart failure group (D-HF
group),(n =10) received single dose of streptozotocin
(STZ, MP Biomedicals; 65 mg/kg body wt ip),
followed after four weeks by Adriamycin
(doxorubicin hydrochloride, Pharmacia
Italia;2.5mg/Kg body wt ip) dissolved in saline [21]
to induce heart failure. Group 4, Bone marrow group
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(BM-MSCs), (n= 10) received bone marrow derived
mesenchymal stem cells(1 ml of 2,000,000stem cells
intravenously in rat tail vein [22] following induction
of diabetes and heart failure. At the end of the
experimental study, blood samples were collected for
blood glucose, serum insulin and fibrinogen (as a
marker endothelial dysfunction marker). Heart
samples were also collected for subsequent
histopathological analysis and detection of stem cells
homing.
5. Functional assessment by Echocardiography:
Was performed in all groups to evaluate the
cardiac functions in vivo to provide a correct image
of the state of the heart. The rats were lightly
anesthetized with intra-peritoneal injection of
ketamine hydrochloride (25 mg/kg, ip) and xylazine
(5 mg/kg,ip.) [23]. Echocardiograms were performed
with an echocardiography system equipped with a
12-MHz phased-array transducer (SONOS 5500;
Philips Medical System, Best) placed over the left
parasternal area and rocked through the heart from
the apex to the base. Two-dimensional short axis
view of the left ventricle and M-mode tracings were
recorded to measure Left ventricular end-diastolic
dimension (LVEDD) and Left ventricular end
systolic dimension (LVSD). Fractional shortening
(FS) was calculated from the composite LV internal
diastolic (LVEDD) and LV internal systolic (LVSD)
dimensions [24].

FS=
End-diastolic dimension — End-systolic dimension
x 100%

End-diastolic dimension

6. Noninvasive blood pressure
measurements and echocardiography: were
performed for all rats successively at the beginning,
4weeks after induction of diabetes, 4 weeks after
induction of heart failure and then 4weeks following
stem cells injection. The mean arterial blood
pressure (ABP) was recorded in conscious rats using
the tail-cuff method (Harvard 50-9331 Rectilinear
Recording System; Harvard Apparatus, Kent, UK).
At least three consecutive readings were obtained
and averaged for each rat [25]

7. Immunofluorecence histochemistry

The presence of GFP protein in mouse tissue
sections was assessed by a rabbit anti-GFP antibody.

The human origin of these cells on mouse tissues was

assessed by an antibody directed against human 2-

microglobulin. Tissues were fixed in 4% neutral

buffered formaldehyde for 16 hours at room
temperature and were then embedded in paraffin.

Sections (5 m) were deparaffinized and rehydrated

and then permeabilized for 5 minutes in 0.1%

Triton/PBS at room temperature. Slides were
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incubated for 30 minutes with rabbit anti-GFP
polyclonal antibody diluted at 1:1000. Fluorescence-
labeled goat antirabbit immunoglobulin G (IgG)
antibody was used. Immunofluorescence relativities
were visualized

8. Histological examination:

The rats were sacrificed and hearts were
harvested for following histological examination in
order to determine the results of the stem cells
transplantation. Tissue sections were underwent
fixation, sectioning, and staining with hematoxylin-
eosin to visualize the general morphology. These
microscope slides were stored in a freezer after
sectioning and staining in order to preserve the heart
sections.

9. Statistical Analysis:

Data was coded and entered using the
statistical package SPSS (V.15.).Data was
summarized using: Mean, SE, SD and range
(minimum and maximum) for quantitative variables.
Comparisons between groups were done using
Analysis of Variance (ANOVA) and multiple
comparisons by (Post-Hoc test, Bonferroni
conservative and non conservative types) for
normally distributed quantitative variables. While
quantitative variables which are not normally
distributed were compared using non parametric tests
(Kruskal-Wallis test, Mann-Whitney  test).
Correlation was done to test for linear relations
between quantitative variables. P-values less than or
equal to 0.05 were considered statistically significant.

3.Results

Adherent MSC was characterization using
flowcytometric analysis. For tracking of stem cells in
cardiac tissue, bone marrow derived mesenchymal
stem cells were labeled using GFP. Homing of
BM.MSC in cardiac tissues was detected using
immunofluorecence histochemistry.

Our results showed a significant increase in
body weight in control group (P<0.05). There was
significant weight loss in diabetic and AD treated
groups. After 4weeks of induction of diabetes and
heart failure,treatment of diabetic or D-HF group
with BM- MSCs resulted in a significant (P<0.05)
increase in body weight 4weeks after treatment
compared to pretreated level (Fig 1).

Table (1) showed that there is a significant
reduction in both systolic and diastolic ABP in D-HF
group after 4 weeks of administration of the
adramycin. BM- MSCs treated group showed
restoration of both systolic and diastolic ABP
towards pretreated values.

Fig (2) showed significant increase in blood
glucose level in diabetic and D-HF groups 4 weeks
after induction of HF. Treatment of D-HF group with
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bone marrow BM- MSCs resulted in a significant
(P<0.05) decrease in blood glucose 4weeks after
treatment compared to pretreated level.However,
glucose level is still significantly less than control
level. Insulin was also found to decrease after
induction of diabetes and diabetic heart failure and
increases significantly after treatment with BM-
MSCs, P<0.05 (Fig 3),but it did not increase back to
control level.

As a marker of endothelial dysfunction
fibrinogen was found to increase in D and D-HF
groups in comparison to control. Administration of
BM- MSCs brings fibrinogen level back to control

level (Fig 4).
In vivo cardiac function assessment:
Echocardiography:

Table (2) showed that there is no significant
changes in LVEDD and posterior wall thickness
followed administration of AD. However,.
Administration of bone marrow derived stem cells
resulted in a significant increase in FS % (Fig 2).
LVESD (Table 2 and Fig 5A-C) also showed a
significant (P< 0.05) increase in D-HF treated group
compared to control. Administration of BM-SC also

350

300

significantly reduced LVESD in comparison to heart
failure group but not to control level (Fig 5 D).

Histopathologic analysis:

Histopathologic examination of cardiac
tissue of control group (Fig 6 A) showed normal
cardiac myocytes with connective tissue septa typical
of intercalated discs. Single cardiomyocytes were
stained acidophilic with central nuclei. Cardiac
tissues from AD treated animals showed scattered
areas of destructed myocytes, sarcoplasmic vacuoles
and flat pyknotic peripherally located nuclei. There
was also widening of intercellular spaces with
interstitial hemorrhage. Marked mononuclear cell
infiltrates was also observed. (Fig 6 B) Improvements
were noticed in group treated with bone marrow
derived stem cells (BM-MSCs) (Fig 6 C). The
myocytes had normal staining pattern(moderate
acidophilic) and the intercellular spaces were of
average size. All the nuclei were centrally located,
vacuolated pyknotic nuclei and interstitial

hemorrhage could not be detected in all examined
slides.
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Figure (1). Weight gain (gm.)differences between groups at baseline, 8" and 12" week.

Table (1): ABP differences between groups at baseline, 8™ and 12" week. Check letters with Yazeed

Systolic blood pressure (mmHg)

Groups Base 8th w 12th w
Control
Mean 114.17 126.67 126.67
+SD +4.92 +8.16(a-b) +8.16(a)
Diabetic
Mean 123.33 121.67 125.00
+SD +8.16 +7.53(c-d) +8.37
D-HF
Mean 123.33 100.00 85.00
+SD +5.16 +8.94(a-c) +5.48(a-d)
BM-MSCs
Mean 124.17 91.67 123.33
+SD +11.14 +7.53(b-d) +5.16(d)
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Diastolic blood pressure (mmHg)

Base 8th w 12th w
78.33 83.33 83.33
+4.08 +8.16(a-b) +8.16(a)
80.83 83.33 83.33
+6.65 +7.53 (c-d) +5.16(c)
84.17 59.17 50.00
+4.92 +8.01(a-c) +5.48(a-c-d)
78.33 50.83 79.17
+7.53 +10.68(b-d) +3.76(d)
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Figure (4) Fibrinogen (mg/dl) level differences between groups at 12" week.
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Table (2) Results of Echocardiography Examination.
Control Diabetes Diabetes + Heart failure BM-MSCs

mm mm mm mm P
LVEDD Base 3.9+ 1.5 3.8+ 1.2 3.6+ 0.6 3.9+ 0.7 0.799
8W 3.5+ 0.7 3.6+ 0.8 4.8+ 1.5 0.245
12 W 3.7+ 0.5 4.6+ 1.6 4.2+ 1.1 0.26
LVESD Base 1.1+ 02 1.3£ 0.3 1.2+ 0.3 1.2+ 0.5 0.56
8W 1.4+ 0.4 1.7+ 0.9 1.9+ 1.0 0.27
12 W al.5+ 0.2 a-b 2.7+ 0.2 b 1.7+ 0.4 0.03
Posterior wall  Base 1.7+ 0.6 1.1+ 0.5 1.1+ 0.3 1.5+ 0.5 0.315
8 W 1.1+ 0.4 1.1+ 0.3 1.5+ 0.4 0.403
12 W 1.4+ 0.6 1.2+ 0.3 1.7+ 0.4 0.517

Fig (5 A): Control group at base line. the study before BMSC injection. Echocardiography

Echocardiography showed the following values : showed the following values : FS: 32.5%, LVEDD:
FS: 83.3 %, LVEDD= 4.8 mm, LVESD= 0.8mm 4.00mm, LVESD: 2.7mm and, post. wall thickness :
and post wall thickness = 2.8mm. 0.9mm

- 1939 aom

. 000 sec

swww CNAS
1

Fig (5 B). Diabetes group at 12™ week: Fig (5D) Bone marrow mesenchymal stem cells injected
Echocardiography showed the following values;: FS: group at 12™ week. Echocardiography showed the
56.4%, LVEDD: 3.9mm, LVESD: 1.7 mm and post. wall following values : FS: 61.5 %, LVEDD: 3.4mm,
thickness : 0.7 mm. LVED D is not displayed in picture. LVESD: 1.3mm and post. wall thickness : 1.4mm
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Fig (6A) Control group: longitudinal section in cardiac
tissues, the myocytes stained moderate acidophilic with
apparent intercalated disc. H&EX400

e, 500 N a

Fig (6 B) AD group Cardiac tissues revealed
intracellular vacolation, homogenous acidophilic
sarcoplasm, destruction of myofibers and flat pyknotic
nucleus. H&EX400

[ —
Fig (6 C) BM-MSC:s treated group : Cardiac tissues
revealed unremarkable intercellular spaces. All the
nuclei are central. H&EX400.

4.Discussion:
Hypertension,  obesity,  dyslipidaemia,
microalbuminuria, endothelial dysfunction and

diabetic cardiomyopathy are amongst the many
factors that contribute to the high prevalence of
cardiovascular disease in human diabetes. In both
type I and type II cardiovascular diseases especially
remain the major cause of a 2-3 fold increase in such
complication over age and gender matched non
diabetic patients [26].
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Since diabetes and cardiovascular disease
lead to high mortality and severe morbidity with its
impact on society and economy and since treatments
are just supportive and not curative, myocardial
infarction and cardiomyopathy are still without
effective treatment. Accordingly the search of
curative treatments to restore pancreatic and cardiac
functions in diabetes mellitus remained a major goal
in medical therapy.

Regenerative medicine is the field of science
that attempts to change the course of chronic disease
and in many instances will regenerate tired and
failing organ systems or congenital defects [27] by
creating living functional tissues and stimulating
irreparable organs to heal themselves | 28]. It has the
potential to solve the problem of organ
transplantation including availability of donors and
rejection. Examples include: cell therapies, induction
of regeneration by biologically active molecules and
tissue engineering [29].

Mesenchymal stem cells have a number of
attractive characteristics, including (a) the ease with
which they can be cultured to the high numbers
needed for transplantation, (b) apparent potential for
mediating both myocardial and vascular repair, and
(c) immunoregulatory properties, which may enable
their use as an allogeneic treatment. Animal studies
of MSC transplantation in myocardial infarction and
ischemic cardiomyopathy have reported wide-
reaching biological and functional benefits that
include attenuation of myocardial scar and infarct
size, improved regional and global ventricular
function, restoration of myocardial mechano-
energetics, and increased vascular density and
myocardial perfusion. There has also been evidence
of benefit in models of nonischemic, dilated
cardiomyopathy, arrhythmia, and valvular disease
[30, 31.

In the present study we evaluated the effect
of bone marrow derived stem cells on cardiovascular
complications in diabetic rats complicated with heart
failure as reflected on their effect on cardiac and
pancreatic functions, aiming to derive a therapeutic
interventional model that can effectively be used
specifically in regenerating cardiac and pancreatic
tissue during the course of diabetes mellitus.

In our study we chose a model of adriamycin induced
heart failure in association with experimental diabetes
since rat models of diabetes mellitus show high
resistance to CVS complications which have been
only demonstrated over extended durations. This was
confirmed by our study that after 3 months we could
not find any cardiovascular complications detected by
regular time fixed monitoring of arterial blood
pressure (every 4 weeks), by echocardiography and
by heart perfusion at the end of the experimental
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period(unpublished data). Michael Wei, et al, 2003
detected that rats do not develop atherosclerosis and
remain normotensive -unlike human diabetics- at
least over a 24 weeks observation period. However,
these characteristics of the chronic STZ-diabetic rat
allow investigation of hyperglycaemia-induced
changes which are independent of the development of
atherosclerosis and hypertension.

Echocardiographic differences in
performance have been detected in the two widely
used diabetic rat models, viz STZ-diabetic Wistar
[32] and STZ-diabetic Sprague-Dawley [33] rats. The
differences in DCM susceptibility and cardiac
performance may underlie the manifestation of
cardiac functional abnormalities in these models of
type 1 diabetes.

Various toxic cardiac agents
(catecholamines, adriamycin, amphetamine, and
radiation) can cause a significant deterioration of
cardiac function and eventually heart failure [34, 35].
Adriamycin induced heart failure has been chosen as
its mechanism in inducing cardiac alterations is
somewhat similar to those associated with diabetic
cardiomyopathy [36]. Extracellular matrixes with
increased cardiac fibrosis [37], excessive generation
of reactive oxygen species [38], as well as cardiac
inflammation [39], and finally cardiac and
endothelial cell necrosis/apoptosis are suggestive
mechanisms for diabetic cardiomyopathy [40].
Similarly adriamycin induced myocardial alterations
include oxidative stress, mitochondrial DNA damage,
intracellular calcium overload, inhibition of protein

synthesis, disturbance of myocardial adrenergic
function, cytokine release, myofibrillar
degeneration,endothelial and cardiomyocyte

apoptosis [41, 42].

Measurement of body weight showed that
all over the our study period control rats had normal
weight gain while all groups subjected to heart failure
and diabetes had significant weight loss. 43, 44, 45];
found a significant loss of body weight in diabetic
rats. Also a significant reduction in body weight in
diabetes and heart failure was observed by Li and
colleagues[46]. Meanwhile, Dong [47] reported an
increase in body weight of diabetic rats 4 weeks after
injection of allogenic BM MSCs. Stem cells
treatment in our study displayed a significant increase
in body and it was positively correlated with insulin
level. (r=!1!).

Diabetic —HF group showed significant
decrease in both systolic and diastolic blood pressure
in comparison with control group. This was
supported by one of the most recent studies used
adriamycin for induction of heart failure done by
Kalender and his colleagues[48]. A drop in both
systolic, diastolic and mean pressure concomitant
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with reduction of all myocardial contractile
parameters assessed by isolated heart perfusion
studies(unpublished data). Treatment with stem cells
showed significant improvement in blood pressure,
this was concomitant to improved myocardial
contractility showed by increased FS%.

During the study pancreatic function and
possible recovery was monitored by measurement of
fasting serum blood glucose as well as single insulin
measurement done at the end of the study period.
Significant diagnostic levels of blood sugar and
insulin;which were negatively correlated, were
observed in D and D-HF groups. We also detected a
significant reduction in blood glucose level;which
negatively correlated to insulin levels; 4weeks
following bone marrow stem cell injection. In BM-
MSC group, serum insulin level was correlated
positively to improved body weight and cardiac
parameters. Yang [49] similarly reported a significant
reduction in blood glucose levels after one week
following MSC transplantation in STZ- induced
diabetes in rats.

Chen Li-Bo [50] found that MSCs could
successfully differentiate in vitro into pancreatic islet
B-like cells. These cells were morphologically similar
to pancreatic islet cells. More importantly, they could
also transcript, translate and excrete insulin. Lee [51]
detected that in STZ-induced diabetic NOD/SCID
mice that were repeatedly transplanted with human
MSCs via intra- cardiac infusion showed increased
production of endogenous f cells and higher levels of
mouse circulating insulin. This was associated with
decreased blood glucose level. More recently, in a
model of murine STZ-induced diabetes, concomitant
administration, via a single injection, of BM cells
with syngeneic or semi-allogeneic MSCs normalized
blood glucose and serum insulin levels, and allowed
regeneration of recipient-derived pancreatic insulin-
secreting cells due to the immunosuppressive effect
of MSCs on the B cell-specific T-lymphocyte
response Urban|[52].

At the end of the experimental study we
further evaluated the effect of experimental diabetes
and bone marrow derived stem cells on endothelial
function assessed by measuring serum fibrinogen
level. Estimation of serum fibrinogen has been
repeatedly used as a biomarker for endothelial
dysfunction in diabetes mellitus [S3, 54]. Diabetes
induced endothelial dysfunction as detected by
elevated levels of fibrinogen was confirmed in groups
D and D-HF groups, in accordance with Giovanni e?
al. [55] and Barillari et al. | 56].

Vascular endothelial dysfunction is a
common sequel for diabetes mellitus. Oxidative
stress and oxidative damage with lipid peroxidation
of endothelial cell membranes are important
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contributing factors. A direct link to insulin
deficiency has been elucidated by Oelze [53] . Where
Insulin therapy to long established (6weeks) STZ-
diabetic rat model, completely normalized blood
glucose, body weight, vascular dysfunction and
oxidative stress after 2weeks therapy. This was also
associated with attenuation of increased cardiac
reactive oxygen and nitrogen species formation in
diabetic rats. Following bone marrow stem cell
therapy, the present study demonstrated a significant
improvement in fibrinogen level which was
negatively correlated to insulin levels.

A study by, Zhang [57] detected that
significant increase of serum insulin levels leads to
endothelial cell protection, and this is accompanied
with enhanced myogenesis, angiogenesis, and
attenuation of cardiac remodeling, all of which are
crucial for the improvement of cardiac function in
diabetic animals.

To evaluate bone marrow stem cell therapy
on cardiac performance in the present study, all
experimental groups were subjected to baseline
echocardiographic examination. Cardiac functional
changes and response to stem cells was further
monitored. Four weeks after Ad administration our
work showed significant reduction in FS% and
significant increase in LVESD.This agrees with
reports of Ueno and colleagues[58] who found
reduced FS % value after 4 weeks of adriamycin
administration(a dose similar to that used in the
present study)

Bone marrow stem cell injection to AD-HF
group improved myocardial contractility 4 weeks
after injection. This was reflected by a higher FS%
and reduction in LVESD.

In accordance with our data, Zhang and
coworkers[36] studied cardiac performance 4weeks
after bone marrow mesenchymal stem cell injection
in a rabbit model of Adriamycin induced
cradiomyopathy. EF% increased in transplanted
group in comparison with those in the control group.
At the same time point taken for cardiac functional
examination, histopathological analysis of cardiac
tissues was also performed and showed positive
staining for differentiated cardiac- like cells.
Similarly Zhang and colleagues[37] utilized a model
of STZ-diabetic cardiomyopathy. Intravenous MSCs
transplantation into this model significantly increased
myocardial arteriolar density and decreased the
collagen volume resulting in improved cardiac
function.

Indeed, a beneficial effect of stem cells
administration has been reported in experimental
models of myocardial infarction. Zhang [59] reported
beneficial effects of tail vein transplanted MSC stem
cells in a rat model of acute myocardial infarction.
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Echocardiographic examination was 70% higher in
treated groups. Their study also concluded that stem
cell effects were mediated primarily through
preservation, not regeneration of cardiac myocytes
within the infarct zone.

Regarding comparative analysis of both
subtypes of mesenchymal stem cells van der
Bogt[60] evaluated the effect of bone marrow,
adipose tissue and fibroblast intramyocardial
injection into a mice model of myocardial infarction.
Cardiac function was monitored by echocardiography
2, 4 and 6 weeks following infarction and invasive
pressure- volume loop analysis at the time of
sacrifice. Results of their study showed that at the 6th
week of stem cell therapy both adipose and bone
marrow stem cells showed equal trends towards
improvements in LVFS%. Similarly stroke work and
cardiac output derived from pressure volume loops
showed similar results for both bone marrow and
adipose derived stem cells. An important finding
from this study, however, is that both BMMSC and
ATMSC did not tolerate cardiac environment and
based on their quantitative measurements using
bioluminescence imaging (BLI) signals, both cell
types have been reported to die at the 6th week of
transplantation.

Despite growing data concerning stem cell
potential effects in myocardial ischemia there is no
comparative functional data evaluating in -vivo
behaviour of both subtypes regarding their potential
effect in diabetic cardiomyopathy.

The present study evaluated the in vivo
effect of BM-MSC in ameliorating cardiac
dysfunction in diabetic cardiomyopathy associated
with induced heart failure. Results of our present
work showed that stem cell survive and 4 weeks after
their administration associated with significant
improvement in cardiac contractility and fractional
shortening during this short term duration of
treatment.

Xiaohong Wang et al. [61] used bone
marrow-derived  multipotent ~ progenitor  cell
transplantation into hearts with acute myocardial
infarction via a transarterial catheter using a swine
model and found improvement in ejection fraction
after 4 weeks of treatment detected by MRI
accompanied by a significant decrease in scar size,
low engraftment rate and myogenic differentiation.
The improvement in cardiac function was explained
by a paracrine and trophic effects of stem cells
transplantation ie, the cytokines released from the
engrafted stem cells act on the host myocytes and
spare them from apoptosis.

Our work also showed that bone marrow
derived stem cells were able to home in the diseased
cardiac tissue and diabetic pancreatic tissue
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(unpublished data).This was detected by fluorescence
microscopy showing green fluorescence of the GFP
as shown in the results in which the transplanted cells
were distinguishable from the cells of the recipient by
the GFP expression [22].

We have examined the tissue of the heart for
pathology for more confirmation of our results so as
to detect if there was any regeneration in these tissue
compared by the group that did not receive stem
cells.

For the pathology of the heart,improvements
were noticed in groups treated with bone marrow
derived stem cells on pathological bases.
Vacuolation, pyknotic nuclei and interstitial
hemorrhage could not be detected. The myocytes had
normal staining pattern and the intercellular spaces
were of average size. All the nuclei were centrally
located. This support the possibility that stem cells
were capable of scavenging the myocardium form
permanent damage. This was compared by
adriamycin induced heart failure group 3 which
produced a massive change in the myocardium
showing a varying degree of vacuolar changes [62 ]
in the cardiac muscle fibres. The vacuolated cells
were found to be more towards the endocardial
surface of the heart. In addition, necrosis of cardiac
muscle fibres with isolated cells showing features of
hypertrophy in between the necrotic and fragmented
muscle fibres was seen.

So, the pathology indicates the potential of
mesenchymal stem cells to regenerate the cardiac
tissue not completely but regaining the physiological
function in the form of blood glucose and insulin
level and cardiac contractility.

Concluding remarks:

BM-MSCs successfully ameliorated cardiac
function of diabetic hearts. The short term
amelioration might be a direct effect of paracrine
mediators controlled by stem cells. Also, stem cells
were able to protect the myocardium at risk from
permanent damage. More animal experimental work
is needed to detect the doses, side effects and survival
to step to clinical applications safely and
successfully. Studies should be further extended to
optimize the benefits of stem cells studies to be
applied clinically.

Corresponding author :

Hany E el Said,

Assistant Prof of Physiology,Faculty of Medicine
Cairo University, Egypt.

E-mail: drhanyelsebace@hotmail.com

3422

References:

1-

11-

Zimmet P, Alberti KG MM, Swan J. Global and
social implications of the diabetes epidemic.
Nature; 414:782-787, 2001.

Haidara MA, Yassin HZ, Rateb M, Ammar H,
Zorkani MA. Role of oxidative stress in
development of cardiovascular complications in
diabetes mellitus. Curr Vasc Pharmacol.
4(3):215-27, 2006.

Hayat SA, Patel B, Khattar RS, and Malik RA.
Diabetic cardiomyopathy: mechanisms,
diagnosis, and treatment. Clin Sci.; 107:539—
557,2004.

Tziakas DN, Chalikias GK, Kaski JC:
Epidemiology of the diabetic heart. Coron
Artery Dis 2005, 16 Suppl 1:S3-S10

Radovits T, Korkmaz S, Loganathan S, Barnucz
E, Bomicke T, Arif R, Karck M, Szabd G.
Comparative investigation of the left ventricular
pressure-volume relationship in rat models of
type 1 and type 2 diabetes mellitus. Am J
Physiol Heart Circ Physiol. Jul; 297(1):H125-
33,2009.

Voulgari C, Papadogiannis D, Tentolouris N.
Diabetic cardiomyopathy: from the
pathophysiology of the cardiac myocytes to
current diagnosis and management strategies.
Vasc Health Risk Manag. 2010 Oct 21;6:883-
903.

Williams AR, Hare JM Mesenchymal stem
cells: biology, pathophysiology, translational

findings, and therapeutic implications for
cardiac disease.. Circ Res. 2011 Sep
30;109(8):923-40. doi:

10.1161/CIRCRESAHA.111.243147. Review.]
Wang JS, Shum-Tim D, Galipeau J, Chedrawy
E, Eliopoulos N, Chiu RC. Marrow stromal
cells for cellular cardiomyoplasty: feasibility
and potential clinical advantages. J Thorac
Cardiovasc Surg; 120:999-1005, 2000.

Roell W, Lu ZJ, Bloch W, Siedner S, Tiemann
K, Xia Y, Stoecker E, Fleischmann M, Bohlen
H, Stehle R, Kolossov E, Brem G, Addicks K,
Pfitzer G, Welz A, Hescheler J, and
Fleischmann BK. Cellular cardiomyoplasty
improves survival after myocardial injury.
Circulation 105: 2435-2441, 2002.

Balana B, Nicoletti C, Zahanich I et al. 5-
Azacytidine induces changes in
electrophysiological — properties of human
mesenchymal stem cells. Cell Res; 16: 949 —
960, 2006.

Kadivar M, Khatami S, Mortazavi Y et al. In
vitro cardiomyogenic potential of human
umbilical vein-derived mesenchymal stem cells.



Life Science Journal 2013;10(1)

http://www.lifesciencesite.com

12-

13-

15-

16-

18-

19-

20-

Biochem Biophys Res Commun; 340:639-647,
2006.

Nassiri SM, Khaki Z, Soleimani M et al. The
similar effect of transplantation of marrow-
derived mesenchymal stem cells with or without
prior differentiation induction in experimental
myocardial infarction. J Biomed Sci;14:745—
755, 2007.

Freyman T, Polin G, Osman H, et al A
quantitative, randomized study evaluating three
methods of mesenchymal stem cell delivery
following myocardial infarction. FEuropean
heart journal; 27:1114-1122, 2006.

Kinnaird T, Stabile E, Burnett MS ef al
Marrow-derived stromal cells express genes
encoding a broad spectrum of arteriogenic
cytokines and promote in vitro and in vivo
arteriogenesis through paracrine mechanisms.
Circ Res; 94:678—685, 2004.

Gnecchi M, He H, Liang OD, et al. Paracrine
action accounts for marked protection of
ischemic heart by Akt-modified mesenchymal
stem cells. Nat Med; 11: 367 — 8, 2005.

Abdel Aziz MT, El-Asmar MF, Haidara M, Atta
HM, Roshdy NK, Rashed LA, Sabry D, Youssef
MA, Abdel Aziz AT, and Moustafa M. Effect of
bone marrow-derived mesenchymal stem cells
on cardiovascular complications in diabetic rats.
Med Sci Monit. Nov; 14(11):BR249-55, 2008.
Baglioni Silvana, Michela Francalanci, Roberta
Squecco, Adriana Lombardi, Giulia Cantini,
Roberta Angeli, Stefania Gelmini, Daniele
Guasti, Susanna  Benvenuti,  Francesco
Annunziato, Daniele Bani, Francesco Liotta,
Fabio Francini, Giuliano Perigli, Mario Serio,
and Michaela Luconi. Characterization of
human adult stem-cell populations isolated from
visceral and subcutaneous adipose tissue.
FASEB J. 23, 3494-3505, 20009.

Olga De La Rosa. Regulation of lymphocyte
Proliferation by human adipose-derived stem
cells requires IFN-gamma, IDO activity and
generates T cells with suppressor activity. Stem
cell portals, journal on line IFATS - Top
Abstracts, 2008.

Valina C, Pinkernell K, Song YH, Bai Xiaowen,
Sadat Sanga, Campeau Richard J., Le Jemtel
Thierry H., and Eckhard Alt. Intracoronary
administration of autologous adipose tissue-
derived stem cells improves left ventricular
function, perfusion, and remodelling after acute
myocardial infarction. Eur Heart J; 28:2667—
26717, 2007.

Spring KR, and Davidson MW. "Introduction to
Fluorescence Microscopy".
NikonMicroscopyU.http://Wwww.microscopyu.co

3423

21-

22-

23-

24-

25-

26-

27-

28-

29-

31-

m/articles/fluorescence/fluorescenceintro.html.
Retrieved 2008-09-28.

Gnanapragasam A.; Yogeeta S.; Subhashini R.;
Ebenezar K.; Sathish V; Devaki, T. Adriamycin
induced myocardial failure in rats: Protective
role of Centella asiatica, Molecular and Cellular
Biochemistry, Volume 294, Numbers 1-2, pp.
55-63, 2007.

Kajiyama H, Tatsuo S. Hamazaki, Makoto
Tokuhara, Shinji Masui, Koji Okabayashi,
Kiyoshi Ohnuma, Shigeharu Yabe, Kazuki
Yasuda, Shoichi Ishiura, Hitoshi Okochi and
Makoto Asashima. Pdxl1-transfected adipose
tissue-derived stem cells differentiate into
insulin-producing cells in vivo and reduce
hyperglycemia in diabetic mice. Int. J. Dev. Biol
54,699-705, 2010.

Drolet Marie-Claude, Elise Roussel, Yves
Deshaies, PHD, Jacques Couet, and Marie
Arsenault. A High Fat/High Carbohydrate Diet
Induces Aortic Valve Disease in CS57BL/6]
Mice. J Am Coll Cardiol; 47: 850 -5, 2006.
Plante Eric; Dominic Lachance; Jonathan
Beaudoin; Serge Champetier; E’lise Roussel;
Marie  Arsenault; and Jacques Couet.
Comparative Study ofVasodilators in an Animal
Model of Chronic Volume Overload Caused by
Severe Aortic Regurgitation. Circ Heart Fai.;
2:25-32,2009.

Michael D. Faulx, Paul Ernsberger, Dorothy
Vatner, Robert D. Hoffman, William Lewis,
Ryan Strachan, and Brian D. Hoit. Strain-
dependent B-adrenergic receptor function
influences myocardial responses to
isoproterenol stimulation in mice. Am J Physiol
Heart Circ Physiol 289: H30-H36, 2005.

Marks JB, and Raskin P. Cardiovascular risk in
diabetes. A brief review. J Diab Complications;
14: 108-15, 2000.

Lysaght MJ and Crager J. "Origins". Tissue
Engineering. Part a 15 (7): 1449-50, 2009.
Mason C and Dunnill P. "A brief definition of
regenerative medicine". Regenerative Medicine
3 (1): 1-5, 2008.

Muneoka K, Allan CH, Yang X, Lee J, and Han
M. "Mammalian regeneration and regenerative
medicine". Birth Defects Research. Part C,
Embryo Today 84 (4): 265-80, 2008.

Silva GV, Litovsky S, Assad JA et al
Mesenchymal stem cells differentiate into an
endothelial ~ phenotype, enhance vascular
density, and improve heart function in a canine
chronic ischemia model. Circulation; 111:150 —

156, 2005.
Aupperle H, Garbade J, Schubert A et al
Effects of autologous stem cells on



Life Science Journal 2013;10(1)

http://www.lifesciencesite.com

32

33

34

35

36

37

38

39

40

immunohistochemical patterns and  gene
expression of metalloproteinases and their tissue
inhibitors in doxorubicin cardiomyopathy in a
rabbit model. Vet Pathol; 44: 494 —503, 2007.
Hoit BD, Castro C, Bultron G, Knight S, and
Matlib MA: Noninvasive evaluation of cardiac
dysfunction by echocardiography in
streptozotocin induced diabetic rats. J Card
Fail, 5(4):324-333, 1999.

Mihm MJ, Seifert JL, Coyle CM, and Bauer JA:
Diabetes  related  cardiomyopathy  time
dependent echocardiographic evaluation in an
experimental rat model. Life Sci, 69(5):527-542,
2001.

Timao Li, and Pawan K. Singal. Adriamycin-
induced early changes in myocardial antioxidant
enzymes and their modulation by probucol.
Circulation; 102: 2105, 2000.

Frank Mudersu and Dietmar Elsner. Animal
models of chronic heart failure.
Pharmacological Research, Vol. 41, No. 6,
2000.

Zhan G Jing, L I Geng-shan, L I Guo-cao, Zhou
Qing, L I Wen-giang and XU Hong-xin.
Autologous mesenchymal stem cells
transplantation  in  adriamycin  induced
cardiomyopathy. Chinese Medical Journal; 118
(1): 73276, 2005.

Zhang L, Cannell MB, Phillips AR, Cooper GJ,
and Ward ML. Altered calcium homeostasis
does not explain the contractile deficit of
diabetic cardiomyopathy. Diabetes, 57(8):2158-
2166, 2008.

Dorenkamp M, Riad A, Stiehl S, Spillmann F,
Westermann D, Du J, Pauschinger M, Noutsias
M, Adams V, Schultheiss HP, et al. Protection
against oxidative stress in diabetic rats: role of
angiotensin AT(l) receptor and beta 1-
adrenoceptor antagonism. FEuropean journal
ofpharmacology, 520(1-3):179-187, 2005.

Li J, Leschka S, Rutschow S, Schwimmbeck
PL, Husmann L, Noutsias M, Westermann D,
Poller W, Zeichhardt H, Klingel K, et al.
Immunomodulation by interleukin-4 suppresses
matrix metalloproteinases and improves cardiac
function in murine myocarditis. FEuropean
Jjournal of pharmacology, 554(1):60-68, 2007.
Sun Dongdong, Min Shen, Jiayi Li, Weijie Li,
Yingmei Zhang, Li Zhao, Zheng Zhang, Yuan
Yuan,Haichang Wang, Feng Cao.
Cardioprotective effects of tanshinone IIA
pretreatment via kinin B2 receptor-Akt-GSK-3b
dependent pathway in experimental diabetic
cardiomyopathy. Cardiovascular Diabetology,
10:4, 2011.

3424

41-

42-

43-

44-

45-

46-

47-

48

49-

50-

51-

Arai M, Yoguchi A, Takizawa T et al
Mechanism of doxorubicin-induced inhibition
of sarcoplasmic reticulum Ca (2+)-ATPase gene
transcription. Circ Res; 86:8-14, 2000.

Arola OJ, Saraste A, Pulkki K, Kallajoki M,
Parvinen M, Voipio-Pulkki LM. Acute
doxorubicin cardiotoxicity involves
cardiomyocyte apoptosis. Cancer Res; 60:1789-
92, 2000.

He Huang, Jiang Shan, Xiao-hong Pan, Hui-
ping Wang, and Ling-bo Qian. Carvedilol
protected diabetic rat hearts via reducing
oxidative stress. J Zhejiang Univ Sci B; 7(9):
725-731, 2006.

Erdinc Kamer, Haluk Recai Unalp, Omer
Gundogan, Gulden Diniz, Ragip Ortac, Murat
Olukman, Hayrullah Derici, and Mehmet Ali
Onal. Effect of ascorbic acid on incisional
Wound healing in streptozotocin- Induced
diabetic rats. Wounds; 22(2):27-31, 2010.
Sudipta Das, Sanjib Bhattacharya, Angelene
Prasanna, R. B. Suresh Kumar, Goutam
Pramanik, Pallab K. Haldar. Preclinical
Evaluation of Antihyperglycemic Activity of
Clerodendron  infortunatum Leaf Against
Streptozotocin-Induced Diabetic Rats. Diabetes
Ther, 2(2), 2011.

Li K., Sung R.Y., Huang W.Z., Yang M., Pong
N.H., MPhil, Shuk Man Lee MPhil, Wood Yee
Chan, Hailu Zhao, Man Yin To, Tai Fai Fok,
Chi Kong Li, Yuek Oi Wong, and Pak Cheung
Ng. Thrombopoietin protects against in vitro
and in vivo cardiotoxicity induced by
doxorubicin. Circ, 113: 2211-2220, 2006.

Dong QY, Chen L, Gao GQ, Wang L, Song J,
Chen B, Xu YX, Sun L. Allogeneic diabetic
mesenchymal stem cells transplantation in
streptozotocin-induced diabetic rat. Clin Invest
Med. 1; 31(6):E328-37, 2008.

Kalender Ozdogan, Eylem Taskm, Nurcan
Dursun. Protective effect of carnosine on
adriamycin-induced oxidative heart damage in
rats. Anadolu Kardiyol Derg; 1: 3-10, 2011.
Yang Z, Li K, Yan X, Dong F, Zhao C.
Amelioration of diabetic retinopathy by
engrafted human adipose-derived mesenchymal
stem cells in streptozotocin diabetic rats.
Graefes Arch Clin Exp Ophthalmol. Oct;
248(10):1415-22, 2010.

Chen Li-Bo, Jiang Xiao-Bing, and Yang Lian.
Differentiation of rat marrow mesenchymal
stem cells into pancreatic islet beta-cells. World
J Gastroenterol; 10(20):3016-3020, 2004.

Lee R.H., Seo M.J., Reger R.L., Spees J.L.,
Pulin A.A., Olson S.D., et al. Multipotent
stromal cells from human marrow home to and



Life Science Journal 2013;10(1)

http://www.lifesciencesite.com

52

53

54

55

56

57

promote repair of pancreatic islets and renal
glomeruli in diabetic NOD/SCID mice. Proc
Natl Acad Sci U S A; 103 : 17438-17443, 2006.

Urban V.S, Kiss J., Kovacs J., Gocza E., Vas
V., Monostori E., et al. Mesenchymal stem cells
cooperate with bone marrow cells in therapy of
diabetes. Stem Cells; 26 : 244-253, 2008.

Oelze M, Knorr M, Schuhmacher S, Heeren T,
Otto C, Schulz E, Reifenberg K, Wenzel P,
Miinzel T, and Daiber A. Vascular Dysfunction
in Streptozotocin-Induced Experimental
Diabetes  Strictly Depends on Insulin
Deficiency. J Vasc Res, 27; 48 (4): 275-284,
2011.

Babar GS, Zidan H, Widlansky ME, Das E,
Hoffmann RG, Daoud M, Alemzadeh R.
Impaired endothelial function in preadolescent
children with type 1 diabetes. Diabetes Care; 34
(3): 681-5, 2011.

Giovanni Barillari, Elisabetta Fabbro, Samantha
Pasca, and Enrico Bigotto. Coagulation and
oxidative stress plasmatic levels in a type 2
diabetes  population.  Blood  coagulation
fibrinolysis, 20, 4, Pages: 290-296, 20009.

Mori Y, Nobukata H, Harada T, Kasahara T,
and Tajima N. Long-term administration of
highly purified eicosapentaenoic acid ethyl ester
improves blood coagulation abnormalities and
dysfunction of vascular endothelial cells in
Otsuka Long-Evans Tokushima fatty rats.
Endocr J.; 50(5):603-11, 2003.

Zhang N, Li J, Luo R, Jiang J, and Wang JA.
Bone marrow mesenchymal stem cells induce

3/5/2013

3425

58-

59-

60-

61-

62-

angiogenesis and attenuate the remodeling of
diabetic cardiomyopathy. Exp Clin Endocrinol
Diabetes.; 116(2):104-11, 2008 (2).

Ueno M., Kakinuma Y., Yuhkil K., Murakoshi
N., Iemitsu M., Miyauchi T., and Yamaguchi 1.,
Doxorubicin Induces Apoptosis by Activation
of Caspase-3 in Cultured Cardiomyocytes In
Vitro and Rat Cardiac Ventricles In Vivo. J
Pharmacol Sci, 101, 151 — 158, 2006.

Zhang M, Mal N, Kiedrowski M et al. SDF-1
expression by mesenchymal stem cells results in
trophic support of cardiac myocytes after
myocardial infarction. FASEB J, 21:3197-3207,
2007.

van der Bogt KE, Schrepfer S, Yu J, Sheikh
AY, Hoyt G, Govaert JA, Velotta JB, Contag
CH, Robbins RC, and Wu JC. Comparison of
transplantation of adipose tissue- and bone
marrow-derived mesenchymal stem cells in the
infarcted heart. Transplantation, 15; 87(5):642-
52, Mar 2009.

Xiaohong Wang, Mohammad Nurulgadr
Jameel, Qinglu Li, Abdul Mansoor, MD, Xiong
Qiang, Cory Swingen, Carmelo Panetta; Jianyi
Zhang. Stem Cells for Myocardial Repair With
Use of a Transarterial Catheter. Circulation.;
120: S238-S246, 2009.

Jhon Guerra, Ana De Jesus, Pedro Santiago-
Borrero, Angel Roman-Franco,  Edwin
Rodri’guez and Maria J Crespo. Plasma nitric
oxide levels used as an indicator of doxorubicin-
induced cardiotoxicity in rats. The Hematology
Journal 5, 584-588, 2005.



