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ORIGINAL ARTICLE
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Stem Cell Therapy on Intestinal Ischemia Reperfusion
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Background and Objectives: The myocyte death that follows intestinal ischemia reperfusion (I/R) injury is a major
factor contributing to high mortality and morbidity in ischemic heart disease. The purpose of stem cell (SC) therapy
for myocardial infarction is to improve clinical outcomes. The present study aimed at investigating the possible ther-
apeutic effect of intravenous human cord blood mesenchymal stem cells (HCBMSCs) on intestinal ischemia reperfusion
induced cardiac muscle injury in albino rat.

Methods and Results: Thirty male albino rats were divided equally into control (Sham-operated) group, I/R group
where rats were exposed to superior mesenteric artery ligation for 1 hour followed by 1 hour reperfusion. In SC therapy
group, the rats were injected with HCBMSCs into the tail vein. The rats were sacrificed four weeks following therapy.
Cardiac muscle sections were exposed to histological, histochemical, immunohistochemical and morphometric studies.
In I/R group, multiple fibers exhibited deeply acidophilic sarcoplasm with lost striations and multiple fibroblasts ap-
peared among the muscle fibers. In SC therapy group, few fibers appeared with deeply acidophilic sarcoplasm and
lost striations. Mean area of muscle fibers with deeply acidophilic sarcoplasm and mean area% of fibroblasts were
significantly decreased compared to I/R group. Prussion blue and CDI105 positive cells were found in SC therapy group
among the muscle fibers, inside and near blood vessels.

Conclusions: Intestinal I/R induced cardiac muscle degenerative changes. These changes were ameliorated following
HCBMSC therapy. A reciprocal relation was recorded between the extent of regeneration and the existence of un-
differentiated mesenchymal stem cells.
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Introduction

Intestinal IR injury is an important problem in many
situations, such as abdominal aortic aneurysm surgery,
cardiopulmonary bypass, strangulated hernias, neonatal
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necrotizing enterocolitis, intestinal transplantation, and
hemorrhagic or septic shock (1). Histopathological scores
(HPS) were evaluated in biopsies of the right kidney,
heart and colon following intestinal ischemia-reperfusion
injury (IIR) (2). The myocyte death that follows acute my-
ocardial ischemia and subsequent reperfusion (I/R) injury
is a major factor contributing to high mortality and mor-
bidity in ischemic heart disease. Echocardiography and
hemodynamic measurements were used to assess post-I/R
cardiac function, which correlated with infarct sizes (3).

The purpose of stem cell therapy for myocardial in-
farction is to improve clinical outcomes. Autologous bone-



122 International Journal of Stem Cells 2013;6:121-128

marrow-derived stem cells were administered in patients
with acute myocardial infarction. Ischemia-related outcomes
recorded reduced heart failure consequences more than ten-
fold following administration (4). Intramyocardial delivery
of bone marrow stem-cells resulted in improvement of qual-
ity of life during follow-up of coronary artery disease. One
year after the procedure, myocardial thickening was ob-
served in cardiac magnetic resonance imaging (5).

The mesenchymal stem cells (MCSs) derived from um-
bilical cord tissue have low immunogenicity and contain few
immune cells. Previously, studies demonstrated that human
umbilical cord MSC therapy in Rhesus Monkey could be
induced to differentiate into various types of cells (6).

The present study aimed at investigating the possible
therapeutic effect of intravenous human cord blood mes-
enchymal stem cells on intestinal ischemia reperfusion in-
duced cardiac muscle injury in albino rat.

Materials and Methods

Thirty male albino rats weighing 150~200 g were used
and divided into 3 groups placed in separate cages. The
animals were kept under good hygienic conditions, fed ad
libitum and allowed for free water supply. The experiment
was performed in the Animal House of Kasr Al Ainy,
Faculty of Medicine, Cairo University. The rats were
treated in accordance with guidelines approved by the
Animal Use Committee of Cairo University. The rats were
divided into the following groups:

Control group: 10 Sham-operated rats each underwent
laparotomy without performing superior mesenteric artery
occlusion (2). To induce anesthesia, ketamine hydro-
chloride (Ketalar; Parke Davis, Barcelona, Spain) at 35
mg/kg was injected into the gluteus maximus muscle of
the animal. Using aseptic techniques, a 3 cm longitudinal
skin incision was performed. The fascia and skin were su-
tured (7). Betadine was applied to the wound site and
rinsing with normal saline was performed at the site of
injury on a daily basis. Aseptic dressing was applied on
the wound daily.

Ischemia reperfusion group (I/R group): 10 rats each
underwent laparotomy followed by exposure and ligation
of superior mesenteric artery using a silk ligature for 1
hour followed by reperfusion (2). Induction of anesthesia,
aseptic techniques, suturing (7) and care of the wound
were performed in the same way as in Sham operated
group.

Stem cell (SC) therapy group: 10 rats each underwent
laparotomy followed by exposure and ligation of superior
mesenteric artery using a silk ligature for 1 hour followed

by reperfusion (2). Induction of anesthesia, aseptic techni-
ques, suturing (7) and care of the wound were performed
in the same way as in sham operated group. They were
injected with 0.5 ml of cultured and labeled human mes-
enchymal stem cells (HMSCs) suspended in phosphate
buffer saline (PBS) in the tail vein (8). Stem cells were
isolated from cord blood (9). Cord blood collection was
performed at the Gynaecology Department, Faculty of
Medicine, Cairo University. Stem cell isolation, culture,
labeling and phenotyping were performed at Hematology
Unit, New Kasr El Aini Teaching Hospital.

Cord blood collection (10)

The storage and transport temperature was 15~22°C,
transport time was 8 ~24 hours, sample volume was 65~
250 ml. No sample had signs of coagulation or hemolysis.

Mononuclear cell fraction isolation (10)

The mononuclear cell fraction (MNCF) was isolated by
carefully loading 30 ml of whole blood onto 10 ml of
Ficoll density media (Healthcare Bio-Sciences) in 50 ml
polypropylene tubes. Centrifuge for 30 minutes at room
temperature at 450xg and the interphase collected after
aspirating and discarding the supernatant. The interphase
was washed with 20 ml PBS and centrifuged at 150xg for
S minutes at room temperature. The supernatant was aspi-
rated and the cells were washed with PBS a second time.
The cells were re-suspended in the isolation media to pre-
vent adherence of monocytic cells. The isolation media
was low-glucose DMEM (Dulbecco's modified Eagles me-
dium) (Cambrex Bio Science, Minnesota, USA), penicillin
(100 IU/ml) (Invitrogen), streptomycin (0.1 mg/ml) and
ultraglutamine (2 mM) (Cambrex Bio-Science). Incuba-
tion was at 38.5°C in humidified atmosphere containing
5% CO..

Culture (10)

The isolation media were replaced after overnight in-
cubation (12~18 hours) in order to remove non-adherent
cells. The media were replaced every 3 days until MSC
colonies were noted. The cultures were inspected daily for
formation of adherent spindle-shaped fibroblastoid cell
colonies. Sub-culturing was done by chemical detachment
using 0.04% trypsin. Later, when cell numbers allowed ex-
pansion was done in 25 cm’ or 75 em” tissue culture flasks.

Labeling (11)

Mesenchymal stem cells were labeled by incubation
with ferumoxides injectable solution (25 microgramFe/ml,
Feridex, Berlex Laboratories) in culture medium for 24
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hours with 375 nanogram/ml poly L lysine added 1 hour
before cell incubation. Labeling was histologically assessed
using Prussian blue. Feridex labeled MSCs were washed
in PBS, trypsinized, washed and resuspended in 0.01
Mol/L PBS at concentration of 1x1,000,000 cells/ml.

Cell viability analysis

Cell viability was done using trypan blue dye exclusion
test. This method is based on the principle that viable
cells do not take up certain dyes, whereas dead cells do.

Flow cytometry (12)

Flow cytometric analyses were performed on a Fluores-
cence Activated Cell Sorter (FACS) flow cytometer
(Coulter Epics Elite, Miami, FL, USA). HMSC were tryp-
sinized and washed twice with PBS. A total number of
1x100,000 HMSC were used for each run. To evaluate the
HMSC marker profile, cells were incubated in 100 #I of
PBS with 3 xl of CDIO05-FITC for 20 min at room
temperature. Antibody concentration was 0.1 mg ml™.
Cells were washed twice with PBS and finally diluted in
200 /1 of PBS. The expression of surface marker was as-
sessed by the mean fluorescence. CD105 (mesenchymal
stem cell marker), CD133 (early hematopoietic & endothe-
lial progenitor stem cell marker) and CD45 (panleucocytic
marker) were also used. The percentage of cells positive
for CD105 was determined by subtracting the percentage
of cells stained non-specifically with isotype control
antibodies.

The rats were sacrificed using lethal dose of ether 4
weeks following therapy. A midline incision was per-
formed followed by thoracotomy. Cardiac muscle speci-
mens were obtained, fixed in 10% formol saline for 48
hours, paraffin blocks were prepared and 5 #m thick sec-
tions were subjected to the following studies.

Histological study
Hematoxylin and eosin (H&E) stain (13).

Histochemical study
Prussian blue (Pb) stain (14) for demonstration of iron
oxide labeled therapeutic stem cells.

Immunohistochemical study

CDI105 immunostaining (15) the marker for HMSCs.
0.1 ml prediluted primary antibody CD105 rabbit poly-
clonal Ab (ab27422) and incubate at room temperature in
moist chamber for 60 minutes. Tonsil used as positive
control specimens. Cellular localization is the cell mem-
brane. On the other hand, one of the cardiac muscle sec-

tions was used as a negative control by passing the step
of applying the primary antibody.

Morphometric study

Using Leica Qwin 500 (Leica LTD, Cambridge, UK)
image analysis, assessment of the mean area ( 22°) of car-
diac muscle fibers exhibiting strong acidophilic sarco-
plasm using interactive measurements menu was done in
10 high power fields (HPF). The mean area% of fibro-
blasts was estimated in 10 HPF using binary mode.

Statistical analysis (16)

Quantitative data were summarized as means and stand-
ard deviations and compared using one-way analysis-of var-
iance (ANOVA). p-values<0.05 were considered statisti-
cally significant. Calculations were made on SPSS software.

Results

Hematoxylin and eosin (H&E) stained sections

Sections in the cardiac muscle of control rats showed
transverse and longitudinal fibers with multiple capillaries
in between (Fig. 1). Close observation revealed acidophilic
sarcoplasm with pale nuclei. Irregular striations were seen
in the longitudinal fibers (Fig. 2).

On the other hand, sections in the cardiac muscle of a
rat in I/R group demonstrated multiple obviously con-
gested capillaries between the fibers (Fig. 3). Dense mono-
nuclear infiltration was detected in some fields among the
muscle fibers (Fig. 4). Close observation revealed multiple
fibers exhibiting deeply acidophilic sarcoplasm. Fibroblasts

Fig. 1. Section in the cardiac muscle of a control rat showing trans-
verse (T) and longitudinal (L) fibers. Note capillaries (c) inbetween
(H&E, x200).
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Fig. 2. Section in the cardiac muscle of a control rat showing longi-
tudinal (L) fibers exhibiting acidophilic sarcoplasm with irregular
striations and pale nuclei. Note transverse fibers (T) (H&E, x400).

Fig. 4. Section in the cardiac muscle of a rat in I/R group showing
dense mononuclear infiltration (I) among the muscle fibers (H&E,
% 200).

Fig. 3. Section in the cardiac muscle of a rat in I/R group showing
multiple obviously congested capillaries (cc) between the fibers
(H&E, x200).

and fibrocytes were commonly found among these fibers.
Normal fibers were less commonly noticed compared to
the control group (Fig. 5). Closer observation demon-
strated that the deeply acidophilic sarcoplasm appeared
with lost striations (Fig. 6) and confirmed fibroblastic and
fibrocytic infiltration (Fig. 7).

Sections in the cardiac muscle of rats in SC therapy
group showed some obviously congested capillaries be-
tween the fibers (Fig. 8). Occasional fibers exhibiting
deeply acidophilic sarcoplasm and surrounded by multiple
normal fibers were noticed (Fig. 9). Close observation re-
cruited lost striations in the deeply acidophilic sarcoplasm.
Occasional fibroblasts and fibrocytes were seen infiltrating
the muscle fibers (Fig. 10).

Fig. 5. Section in the cardiac muscle of a rat in I/R group showing
multiple fibers exhibiting deeply acidophilic sarcoplasm (D) and
surrounded by few normal fibers (N). Note multiple fibroblasts and
fibrocytes (F) among the fibers (H&E x400).

Prussian blue stained sections

Sections in the cardiac muscle of control rats showed
negative reaction (Fig. 11). In SC therapy group, multiple
spindle, few cuboidal and branched PB+ve cells were evi-
dent inside and near blood vessels (Fig. 12).

CD105 immunostained sections

Sections in the cardiac muscle of control rats revealed
negative immunostaining (Fig. 13). In SC therapy group,
multiple spindle and cuboidal CD105 +ve cells were
found among the muscle fibers (Fig. 14), inside and near
blood vessels (Fig. 15). Few spindle CD105 +ve cells were
detected among more or less normal muscle fibers (16).
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Fig. 6. Section in the cardiac muscle of a rat in I/R group showing
a muscle fiber with deeply acidophilic sarcoplasm (D) with lost
striations. Note adjacent normal (N) fibers and an obviously con-
gested capillary (cc) (H&E, x1,000).

Fig. 7. Section in the cardiac muscle of a rat in I/R group showing
multiple fibroblasts (F) among the muscle fibers (H&E, x1,000).

Morphometric results

The mean area ( z2°) of cardiac muscle fibers with deep-
ly acidophilic sarcoplasm and the mean area% of fibro-
blasts recorded a significant (p<0.05) decrease in SC ther-
apy group compared to I/R group (Table 1).

Discussion

The current study demonstrated ameliorating effect of
HCBMSC therapy on intestinal IR induced cardiac mus-
cle injury in an experimental model of albino rat. This
was evidenced by histological, histochemical, immunohi-
stochemical and morphometric methods.

In the present study, sections in the cardiac muscle of

Fig. 8. Section in the cardiac muscle of a rat in SC therapy group
showing some obviously congested capillaries (cc) between the fi-
bers (H&E, x200).

Fig. 9. Section in the cardiac muscle of a rat in SC therapy group
showing a fiber exhibiting deeply acidophilic sarcoplasm (D) and
surrounded by multiple normal fibers (N) (H&E, x200).

a rat in I/R group demonstrated multiple obviously con-
gested capillaries. Dense mononuclear infiltration was also
detected among the muscle fibers. It was proved that ele-
vated inflammatory response levels were observed in the
cortex after cerebral ischemia-reperfusion (17). It was re-
corded that increased nitric oxide production was related
to congestion of reperfused myocardium (18).

Multiple fibers exhibited deeply acidophilic sarcoplasm
with lost striations, indicating degeneration. The previous
findings detected in I/R group may be related to release
of endogenous endothelin during acute myocardial in-
farction mediated by ischemia/reperfusion (I/R) injury.
Consequent increased intracellular calcium concentration
and apoptosis were noted (19). In addition, I/R was found
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Fig. 10. Higher magnification of the previous figure showing lost
striations in the deeply acidophilic sarcoplasm (D) of a muscle fiber
surrounded by multiple normal fibers (N). Note few fibroblasts and
fibrocytes (F) among the fibers (H&E, x400).

Fig. 12. Section in the cardiac muscle of a rat in SC therapy group
showing multiple spindle (s), few cuboidal (cu) and branched (b)
PB+ve cells inside and near a blood vessel (v) (Prussian blue,
x400).

Fig. 11. Section in the cardiac muscle of a control rat showing neg-
ative reaction (Prussian blue, x400).

to reduce the myocardial viability and cardiac function
which was related to inhibition of mitochondrial ATP (20).

Fibroblasts and fibrocytes were commonly found among
the degenerated fibers in I/R group. This finding can cor-
relate to morphological and functional changes from acute
myocardial infarction to chronic scar transformation (21).

Sections in the cardiac muscle of rats in SC therapy
group showed some obviously congested capillaries be-
tween the fibers. Occasional fibers exhibited deeply acid-
ophilic sarcoplasm, this was proved by a significant de-
crease in the mean area of degenerated fibers compared
to I/R group. Occasional fibroblasts and fibrocytes were
seen infiltrating the muscle fibers, this was also confirmed
by a significant decrease in the mean area% of fibroblasts

Fig. 13. Section in the cardiac muscle of a control rat showing neg-
ative immunostaining (CD105 immunostaining, x400).

compared to I/R group. In agreement, intramyocardial
MSCs injection was proved to reduce inflammation, fib-
rosis or apoptosis in myocardial ischemia (22). Progenitor
cells (PCs) home the myocardium in response to ischemia.
Cell adhesion markers, integrins play an important role
in the trafficking of stem cells to myocardium. In addi-
tion, damaged myocardium secretes several chemokines
and growth factors that recruit these precursor cells to the
heart. This may indicate efficient use of stem cells for
therapeutic benefit (23). It was mentioned that PCs ex-
hibit markedly enhanced anti-apoptotic and antioxidative
capabilities (24). It was also reported that skeletal myo-
blast engraftment may induce therapeutic vascularization
in patients with myocardial ischemia (25). Intramyocardial
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Fig. 14. Section in the cardiac muscle of a rat in SC therapy group
showing multiple spindle (s) and cuboidal (cu) CD105 +ve cells
among the muscle fibers (CD105 immunostaining, x400).

Fig. 15. Section in the cardiac muscle of a rat in SC therapy group
showing multiple spindle (s) CD105 +ve cells inside and near a
blood vessel (v) (CD105 immunostaining, x400).

delivery of autologous CD34+ cells lead to improvement
of functional capacity in patients with refractory angina
(26). Cardiac SCs were used as a regenerative substrate
to repair the injured myocardium (27).

In SC therapy group, multiple spindle, few cuboidal and
branched PB+ve and cuboidal CD105 +ve cells were evident
among degenerated muscle fibers, inside and near blood
vessels. Few spindle CD105 +ve cells were detected among
more or less normal muscle fibers. These findings indicated
differentiation of MSCs into repaired cardiac myocytes.

It could be concluded that intestinal I/R induced car-
diac muscle degenerative changes. The morphological
findings were confirmed by morphometric assessment.
Human cord blood mesenchymal stem cell therapy proved

Fig. 16. Section in the cardiac muscle of a rat in SC therapy group
showing few spindle (arrow) CD105 +ve cells among normal mus-
cle fibers (CD105 immunostaining, x400).

Table 1. Mean area of muscle fibers with deeply acidophilic sarco-
plasm and mean area% of fibroblasts

Mean area of muscle
Mean area% of

Groups flbers_\{wth deeply fibroblasts
acidophilic sarcoplasm
Control (Sham-oper- - -
ated) group
I/R group 3225.81+198.07 16.2+2.84
SC therapy group 1329.88 +308.03° 4.4+0.89°

“Significant (p<0.05).

definite amelioration of the degenerative changes. A recip-
rocal relation was recorded between the extent of re-
generation and the existance of undifferentiated mesen-
chymal stem cells.
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