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ABSTRACT
Introduction: Prolonged intake of a high-fat diet (HFD) is typically linked to obesity and increased risk for multiple 
pathologies including type II diabetes mellitus, cardiovascular disorders, hypertension, and hyperlipidemia. Granulocyte-
colony stimulating factor (G-CSF) is a polypeptide cytokine involved in the basic control of neutrophils production. 
Aim of the Work: The current study was performed to investigate the role of G-CSF on HFD-induced cardiomyopathy in a 
rat model.
Materials and Methods: Thirty adult male albino rats (200-220 gm) assigned into 3 groups were used. Group I (Control 
group): fed on a standard diet for 14 weeks. Group II (HFD group):  fed on HFD for 14 weeks. Group III (HFD + G-CSF) fed 
on HFD for 14 weeks and given G-CSF (200 µg/kg/day) intraperitoneally once daily for 5 successive days starting after 12 
weeks of HFD intake. Specimens from the left ventricle and right atrium were obtained and processed for light and electron 
microscopic studies. Biochemical, histomorphometric and statistical studies were performed. 
Results: HFD group showed marked degenerative changes in the cardiac muscle both at the light and electron microscopic 
levels. These changes were accompanied by significant increases in tissue MDA level and area percentage of collagen and 
caspase-3 immune expression. On the other hand, HFD + G-CSF group displayed improvement in the cardiac muscle histology 
together with reductions in tissue MDA level and area percentage of collagen and caspase-3 immune expression. Upregulation 
of CD117 immune expression was also observed in this group.
Conclusion: G-CSF could significantly mitigate HFD-mediated cardiotoxicity via antioxidant, anti-apoptotic, anti-fibrotic 
impacts and recruitment of stem cells derived from bone marrow to injured tissues.
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INTRODUCTION                                                                        

People's food and lifestyle habits have been changed 
significantly as modern civilization developed, leading to 
a rise in the consumption of junk food with high fat content 
in both urban and rural regions.[1] Chronic consumption 
of a fat-rich diet is typically linked to obesity, which is 
regarded as a substantial risk factor for many pathologies 
including type II diabetes mellitus, cardiovascular diseases, 
hypertension, and hyperlipidemia. The abnormal lipid 
accumulation in the pancreas, liver, kidney, heart, and other 
non-adipose organs arises from an imbalance between the 
amount of energy consumed and the amount of nutrients 
ingested.[2,3] High fat diet causes significant pathological 
conditions including inflammation, oxidative stress, 
lipid metabolic disorder, apoptosis, and hyperlipidemia 
contributing to higher prevalence of cardiovascular 
disorder.[4,5]

Granulocyte-colony stimulating factor (G-CSF) is a 
polypeptide cytokine implicated in the basic control of 
neutrophils production. Hematopoietic cells have been 
shown to be stimulated by G-CSF to survive, divide, and 
differentiate.[6] Clinically, G-CSF is utilized to release 
hematopoietic stem cells (HSC) into the peripheral blood 
making it essential for autologous transplantation of 
peripheral blood stem cells.[7] Previous workers showed 
that G-CSF can improve the cardiac function by attracting 
stem cells from bone marrow, encouraging angiogenesis, 
decreasing apoptosis, and adjusting the amount of collagen 
in injured hearts.[8]

Most of the previous G-CSF studies have been 
conducted on various ischemic cardiomyopathy models. 
Regarding non-ischemic cardiomyopathies, little is known 
concerning G-CSF's possible cardio-protective effects. 
Thus, the purpose of this research was to examine the 
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histological, immunohistochemical, and ultrastructural 
alterations in the cardiac muscle of adult male rat fed on fat 
rich diet and to assess the role of G-CSF in the mitigation 
of these alterations as well as its role in the promotion of 
repair mechanisms.

MATERIALS AND METHODS                                                   

Chemicals
A. Drugs

Recombinant human G-CSF (Filgrastim) (trade name: 
Neupogen prefilled syringe): was obtained from the 
Egyptian Sigma Company. It is accessible in the form of 
(30 MU /0.5 ml; equal to 300 micrograms/0.5 ml) prefilled 
syringe and administered at a dosage of 200 µg/kg/day by 
intraperitoneal injection once daily for 5 successive days 
by the completion of the 12th week.[9]

B. Kits

• Anti-caspase 3 antibody was a class IgG rabbit 
polyclonal antibody (catalog number: GB11532, 
Servicebio, Olympia Avenue, Woburn, USA). 

• Anti-CD117 (C-kit) antibody was a class IgG 
rabbit polyclonal antibody (catalog number: 60-
0020-7, Sakura Finetek, USA).

Experimental Animals
Thirty adult male albino rats , three months old, 

weighing between 200 and 220 grams were acquired 
from the animal house present in Faculty of Pharmacy, 
Mansoura University. The rats were kept in metal cages 
with smooth wood fragments in a carefully monitored 
laboratory environment with a 12-hour light/dark cycle and 
a temperature of 25°C. Every animal received a standard 
pellet diet. Water was available to all animals without 
restriction. Three rats will be kept apart in their own cages 
to avoid crowding.

Location of the research project 
The present research study was done at Department of 

Medical Histology and Cell Biology, Faculty of Medicine, 
Mansoura University. It was executed in compliance with 
the worldwide guidelines for usage and preservation of 
experimental animals. It was granted acceptance by the 
Institutional Research Board (IRB) of Faculty of Medicine, 
Mansoura University (MS.21.03.1408).

Animal groups
Three equal groups were randomly selected as follows:

Group I (control group) (n = 10): The rats in this group 
were fed on a standard diet (66% carbohydrates, 17 % 
proteins, and 17 % lipids) for 14 weeks.[10] 

Group II (HFD group) (n =10): The rats in this group 
were fed on a high-fat diet (HFD); 43% carbohydrates, 
14% proteins, and 43% lipids [10] for 14 weeks.

Group III (HFD + G-CSF group) (n =10): The rats 

in this group were fed on the same HFD as group II for 
12 weeks. Thereafter, 200 µg/kg/day of G-CSF was given 
by intraperitoneal injection once daily for 5 consecutive 
days[9]. After that, the rats continued feeding HFD up to the 
end of the 14th week.

Procedure for tissue processing and obtaining samples
At the completion of the experiment (at the end of 

the 14th week), rats from every group were given ether 
inhalation anesthesia. A dissection of the heart was 
done. The ventricles were divided into rings, 1–2 mm in 
thickness, perpendicular to the longitudinal axis. Some 
ventricular rings were prepared for assay of oxidative 
stress biomarker (malondialdehyde, MDA).[11] 10% neutral 
buffered formalin (NBF) was used to fix specimens 
from both the left ventricle and the right atrium and then 
processed to obtain paraffin sections for light microscopic 
study. A transmission electron microscope (TEM) analysis 
was conducted on fine samples (~ 1 mm³) obtained from 
the left ventricle and the right atrium in each group.

Light microscopic study
Specimens taken from the left ventricle and the right 

atrium were fixed in 10% NBF. This was followed by 
dehydration in ascending grades of alcohol and clearance 
in xylene. Paraffin sections (4-5 μm thick) were prepared. 
The sections were stained with Hematoxylin and Eosin 
stain (H & E)[12] for routine histological analysis, 
Masson's Trichrome stain[12] for illustration of collagenous 
fibers, and immunohistochemical stains[13]: caspase-3 
immunostaining as a marker for apoptosis[14] and CD117 
(C-kit) immunostaining as a marker for cardiac stem cells 
(CSCs).[15]

Procedure of immunohistochemistry of caspase-3 
and CD117 (C-kit)

Paraffin sections (4-5 μm thick) were cut and placed 
on coated slides for immunohistochemical analysis using 
the avidin-biotin–complex (ABC) immunoperoxidase 
technique. The slides were placed in hydrogen peroxide for 
10 minutes to inhibit the endogenous activity of peroxidase. 
After that, phosphate buffered saline (PBS) solution 
was utilized for washing the slides for ten minutes. The 
slides were initially placed in citrate buffer with a (pH=6) 
and then boiled for 10 minutes at 100°C in a microwave 
oven to expose the antigenic peptide and perform antigen 
retrieval. After that, the sections were incubated for 90 
min at room temperature with the primary antibodies, 
anti-caspase-3 (diluted at 1:500) and anti-CD117 (C-kit) 
(diluted at 1:500). The primary antibodies were identified 
using an anti-rabbit secondary antibody. The biotinylated 
secondary antibody was added in two drops. The slides 
were incubated in bovine serum albumin (1%; 1/200 
concentration) dissolved in PBS for 10 minutes at room 
temperature to avoid nonspecific background staining. 
The staining process was completed when the reaction site 
produced a brown precipitate following a 5 to 10-minute 
incubation period with the substrate chromogen, DAB 
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(3,30 Diaminobenzidine). The counterstain employed 
was Mayer's Hematoxylin.[16] Sections of (lymph node for 
caspase-3[17] and GIST (gastrointestinal stromal tumor) for 
CD117 (C-kit)[18]) were used as positive tissue control in 
order to assess the reagents' effectiveness (Figures 1 A,C). 
Tissue sections were additionally provided with negative 
control slides, where no primary antibodies were utilized, to 
evaluate the background staining. The absence of primary 
antibody cross reactivity is verified by the negative control 
slide which lacked specific staining (Figures 1 B,D).

Fig. 1: Photomicrographs of positive and negative tissue controls. (A) 
lymph node of a control rat used as a positive control for caspase-3 
showing positive immune reaction in the form of brown color (arrows). 
(B) a section of the lymph node used as a negative control slide showing 
negative immune reaction for caspase-3. (C) Gastrointestinal stromal 
tumor (GIST) tissue used as a positive control for CD117 (C-kit) showing 
positive immune reaction in the form of brown color in interstitial cells 
of Cajal (arrows). (D) a section of GIST tissue used as a negative control 
slide showing negative immune reaction for CD117. (A and B) IHC for 
caspase-3 x 400, (C and D) IHC for CD117 × 400).

Electron microscopic study
0.1 M phosphate buffer with a (pH=7.4) (that contained 

2.5% of glutaraldehyde and 2% of paraformaldehyde) was 
used to fix tiny samples (less than 1 mm³) from the left 
ventricle and the right atrium from all groups overnight. 
Following a one-hour postfixation in osmium tetroxide 
(1%) at temperature of 4°C, the specimens were washed 
three rounds in PBS for ten minutes each. Toluidine 
blue was utilized for staining semithin sections that were 
one micrometer thick to examine the cardiac muscle 
and determine the appropriate locations for ultrathin 
sectioning. Lead citrate and uranyl acetate were utilized to 
stain ultrathin sections (60–80 nm) for ten minutes each[19]. 
Ultrathin sections were examined using JEOL JEM-2100 
transmission electron microscope (TEM) running at 160 
Kilovolt at the Electron Microscopic Unit in Faculty of 
Agriculture, Mansoura University.

Biochemical study
Left ventricular specimens from all groups were 

weighed and homogenized using a Potter-Elvehjem tissue 
homogenizer in 10 mM of potassium phosphate buffer with 
a (pH=7.4) to estimate the amount of malondialdehyde 
(MDA) (an oxidative stress indicator) in the cardiac tissue 
homogenate. The crude tissue homogenate was centrifuged 
for 15 minutes at 10,000 rotations per minute (rpm). 
Using the obtained supernatant, MDA was estimated[20] 

utilizing commercial assay kit (catalog number: RC0011) 
obtained from Medaysis Company. Samples taken from 
the supernatant were kept at 4°C until their MDA levels 
were measured.[11]

Histomorphometric study and image analysis using 
ImageJ version (1.52a) 

The area percentage of collagenous fibers in the 
endomysium present among the cardiac muscle fibers and 
in the perivascular areas was measured in sections stained 
with Masson’s trichrome stain. The area percentage and the 
mean number of caspase-3 and CD117 (C-Kit) immuno-
positive cells were measured in immunohistochemically 
stained slides. Six distinct non-overlapping randomly 
chosen fields from the cardiac muscle fibers at a 
magnification of 400 were examined on six slides from 
every group to calculate the morphometric data. An 
Olympus E420 digital camera was used to capture photos 
of the slides. It was attached to an Olympus microscope 
that had a 40 × objective lens (TX31 Philippines) and a 0.5 
× photo adaptor. After that, ImageJ program was used to 
analyze the images.

Statistical study

Version 17.0 of SPSS program (Statistical Package 
for Social Science) was utilized to tabulate, code, and 
analyze the results including the MDA level and the 
histomorphometric data.  Mean ± standard deviation (±SD) 
was utilized to represent the data. More than two sets of 
numerical (parametric) data were compared using one-way 
ANOVA test. The post-hoc Tukey test was used for several 
comparisons.[21] P value was regarded as statistically 
significant if it was less than 0.05. N.B: there was a blinded 
statistical evaluation. The study layout and study groups 
were unknown to the microscopists and analysts.

RESULTS                                                                                              

Animals
All animals in all groups were alive and in a good 

general condition till the end of experiment (No dead 
animals).

Light microscopic results

Regarding H&E, Masson 's trichrome, and anti-
caspase-3 stains, there was no significant difference 
between the left ventricle and the right atrium in all 
groups. Therefore, our results are represented with the left 
ventricle.
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H&E Stain
Group I (Control group): The longitudinal sections of 

the cardiac muscle fibers of the left ventricle had central 
oval vesicular nuclei and acidophilic cytoplasm. Darkly 
stained intercalated discs were observed. The transverse 
sections of the muscle fibers appeared polyhedral with 
acidophilic cytoplasm and central vesicular nuclei. 
Fibroblasts and normal blood capillaries were seen in the 
endomysium among the muscle fibers (Figures 2 A,B).

Group II (HFD group): Left ventricular sections of 
HFD group exhibited areas of myocardial damage. Marked 
disorganization and disruption of the cardiac muscle 
fibers were observed. The fibers were widely spaced and 
showed cytoplasmic vacuolations. Some fibers showed 
homogenous intensely stained acidophilic cytoplasm 
and shrunken deeply stained peripheral nuclei. Other 
fibers showed shrunken nuclei with perinuclear halos                           
(Figures 2 C,D).

Group III (HFD + G-CSF group): Left ventricular 
sections of HFD + G-CSF group revealed partial restoration 
of the cardiac muscle fiber organization. Disruption of the 
muscle fibers and wide spacing were not remarkable. Few 
fibers showed intensely stained acidophilic cytoplasm and 
small deeply stained peripheral nuclei. Few cytoplasmic 
vacuolations were seen in some fibers (Figures 2 E,F).

Masson 's trichrome stain
Group I (Control group): Fine collagenous fibers 

were seen in the endomysium among the cardiac muscle 
fibers and around the blood vessels in both longitudinal 
and transverse left ventricular sections of the control group 
(Figures 3 A,B).

Group II (HFD group): Evident deposition of 
collagenous fibers was detected in the endomysium and in 
the perivascular areas in both longitudinal and transverse 
left ventricular sections of HFD group (Figures 3 C,D).

Group III (HFD + G-CSF group): Mild deposition 
of collagenous fibers was observed in the endomysium 
and in the perivascular areas in both longitudinal and 
transverse left ventricular sections of HFD + G-CSF group                     
(Figures 3 E,F).

Results of immunohistochemistry
Immune expression of Caspase-3

Group I (Control group):  Minimal cytoplasmic 
immune expression of caspase-3 was detected in both 
longitudinal and transverse left ventricular sections of the 
control group (Figures 4 A,B).

Group II (HFD group): There was positive cytoplasmic 
and nuclear immune expression of caspase-3 in the 
majority of the cardiac muscle fibers in both longitudinal 
and transverse left ventricular sections of HFD group 
(Figures 4 C,D).

Group III (HFD + G-CSF group): Positive cytoplasmic 

immune expression of caspase-3 appeared in few fibers in 
both longitudinal and transverse left ventricular sections of 
HFD + G-CSF group (Figures 4 E,F).

Immune expression of CD117 (C-kit)

There was structural difference between the left 
ventricle and the right atrium in all groups. Therefore, our 
results are represented separately in both the left ventricle 
and the right atrium.

1- Left ventricular sections

Group I (Control group): showed cells with positive 
cytoplasmic immune expression of CD117 among the 
cardiac muscle fibers in both longitudinal and transverse 
sections (Figures 5 A,B).

Group II (HFD group): showed cells with positive 
cytoplasmic immune expression of CD117 among the 
cardiac muscle fibers in both longitudinal and transverse 
sections (Figures 5 C,D).

Group III (HFD + G-CSF group): showed cells 
with positive cytoplasmic immune expression of CD117 
among the cardiac muscle fibers in both longitudinal and 
transverse sections (Figures 5 E,F). The reaction was 
apparently increased in comparison with both the control 
group and HFD group.

2- Right atrial sections

Group I (Control group): showed cells with positive 
cytoplasmic immune expression of CD117 among the 
cardiac muscle fibers in both longitudinal and transverse 
sections (Figures 6 A,B). When compared to the left 
ventricular sections in the control group, the reaction was 
comparatively increased.

Group II (HFD group): showed cells with positive 
cytoplasmic immune expression of CD117 among the 
cardiac muscle fibers in both longitudinal and transverse 
sections (Figures 6 C,D).

Group III (HFD + G-CSF group): showed cells 
with positive cytoplasmic immune expression of CD117 
among the cardiac muscle fibers in both longitudinal and 
transverse sections (Figures 6 E,F). In comparison to the 
control group and HFD group, upregulation of CD117 
immune expression was observed.

Electron microscopic results
1- Left ventricular ultrathin sections

Group I (Control group): showed regularly arranged 
myofibrils with well-organized sarcomeres extending 
between two Z lines. The mitochondria were packed in 
longitudinal rows between the myofibrils (Intermyofibrillar 
mitochondria) (IMFM). The cardiac myocyte had oval 
euchromatic nucleus. Perinuclear mitochondria (PNM) 
were seen at the pole of the nucleus (Figure 7A). The 
myofibrils showed the regular banding and normal 
striation pattern with dark (A) bands and light (I) bands 
alternate with each other. Darkly stained Z lines bisected 
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the light bands. H zones were also seen as lightly stained 
zones in the center of the dark bands. Electron dense 
glycogen granules were detected in the interfibrillar 
spaces. T-tubule (transverse tubule) of the sarcomeric 
diad was also observed at the level of the Z line of the 
sarcomere (Figure 7B). Intercalated discs between the 
cardiac myocytes acquired a zigzag-like appearance with 
fascia adherens and desmosomes in the transverse parts 
and gap junctions in the longitudinal parts (Figure 7C). The 
endomysium showed a little amount of collagen fibrils and 
blood capillaries (Figure 7D).

Group II (HFD group): showed marked ultrastructural 
degenerative alterations. Aggregations of variable-sized 
lipid droplets were seen in the perinuclear area (Figure 
8A) and between the myofibrils (Figure 8B). The lipid 
droplets were electron lucent. Marked disorganization 
and disruption of the myofibrils were observed (Figures 8 
B,C). Mitochondria were irregularly arranged with variable 
sizes and abnormal shapes (Figures 8 B,C). Intercalated 
disc displayed irregularity and widening (Figure 8C). 
Secondary lysosomes were also seen (Figure 8C). Marked 
collagen deposition was demonstrated in the endomysium. 
Irregularity and scalloping of the sarcolemma and 
subsarcolemmal accumulation of swollen mitochondria 
were observed (Figure 8D).

Group III (HFD + G-CSF group): demonstrated partial 
improvement. The myofibrils were relatively organized 
compared with HFD group. However, focal areas of 
myofibrillar disruption were detected. The nucleus of the 
cardiac myocyte appeared euchromatic. Mitochondria 
appeared relatively normal (Figure 9A). Fewer and smaller 
lipid droplets were seen between the myofibrils (Figure 9B) 
in comparison to HFD group. Intercalated discs appeared 
normal (Figure 9C) as compared with HFD group. The 
endomysium showed relatively little amount of collagen 
(Figure 9D) as compared with HFD group.

2- Right atrial ultrathin sections

Group I (Control group): The cardiac myocytes 
showed electron dense granules of atrial natriuretic 
peptide. The endomysium showed an ovoid stem cell with 
ovoid euchromatic nucleus and a triangular telocyte with 
euchromatic nucleus and telocyte processes (telopodes) 
(Figure 10A).

Group II (HFD group): The cardiac myocyte revealed 
shrunken heterochromatic nucleus and electron dense 
granules of atrial natriuretic peptide at one pole of the 
nucleus. The endomysium showed a stem cell with 
euchromatic nucleus, scattered mitochondria, and short 
cytoplasmic processes. A telocyte with condensed irregular 
nucleus, cytoplasmic vacuolations, and telopodes was also 
demonstrated (Figure 10B).

Group III (HFD + G-CSF group): The cardiac 
myocytes showed well-organized myofibrils with variable-
sized electron dense atrial natriuretic granules. The 
endomysium showed stem cells with oval euchromatic 

nuclei and triangular telocytes with euchromatic nuclei 
and their telopodes. Rounded variable-sized cytoplasmic 
vacuolations appeared in some telocytes (Figures 10 C,D).

Statistical results
Malondialdehyde (MDA) level in the cardiac tissue 
homogenates (nmol/g. tissue)

When compared to the control group "group I", the 
mean level of MDA in the cardiac tissue homogenates 
of the HFD group "group II" increased significantly                                          
(P < 0.05). However, this level was significantly lower                    
(P  < 0.05) in the HFD + G-CSF group "group III" than 
in the HFD group, but it was still significantly greater                          
(P  < 0.05) than in the control group (Table 1).

Image analysis results

Area percentage of the collagenous fibers in sections 
stained with Masson’s trichrome /high-power field  (X400)

The mean area percentage of the collagenous fibers 
in the HFD group "group II" increased significantly                                
(P  < 0.05) in comparison to the control group "group I". 
On the other hand, this percentage in the HFD + G-CSF 
group "group III" was significantly lower (P  < 0.05) than 
in the HFD group, but it was still significantly higher                                 
(P  < 0.05) than in the control group (Table 2).

Area percentage of positive immune expression of 
caspase-3 in caspase-3 immunohistochemically-stained 
sections /high-power field  (X400)

The HFD group "group II" had a significantly higher 
(P < 0.05) mean area percentage of positive immune 
expression of caspase-3 than the control group "group 
I." However, this percentage in the HFD + G-CSF group 
"group III" was significantly lower (P < 0.05) than in the 
HFD group, but it was still significantly higher (P < 0.05) 
than in the control group (Table 3).

Area percentage of positive immune expression of 
CD117 in CD117 immunohistochemically-stained left 
ventricular sections /high-power field  (X400)

The mean area percentage of positive immune 
expression of CD117 in left ventricular sections of 
the HFD group "group II" increased non-significantly                                     
(P = 0.805) in comparison to the control group "group I". 
Moreover, this percentage in left ventricular sections of the 
HFD + G-CSF group “group III” increased significantly      
(P < 0.05) in comparison to the HFD group and the control 
group (Table 4).

Area percentage of positive immune expression of 
CD117 in CD117 immunohistochemically-stained right 
atrial sections /high-power field  (X400)

In the right atrial sections of the HFD group "group II", 
the mean area percentage of positive immune expression 
of CD117 was non-significantly higher (P  = 0.295) than 
in the control group "group I". Moreover, the right atrial 
sections of the HFD + G-CSF group "group III" exhibited 
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a significantly higher percentage (P < 0.05) in comparison 
to the HFD group and the control group (Table 5).

Mean number of immuno-positive cells for caspase-3 
in caspase-3 immunohistochemically-stained sections /
high-power field  (X400)

The mean number of immuno-positive cells for 
caspase-3 in the HFD group "group II" was significantly 
greater (P < 0.05) than in the control group. However, this 
number was significantly lower (P < 0.05) in the HFD + 
G-CSF group "group III" than in the HFD group, but it 
was still significantly higher (P < 0.05) than in the control 
group (Table 6).

Mean number of immuno-positive cells for CD117 in 
CD117 immunohistochemically-stained left ventricular 
sections /high-power field  (X400)

The mean number of immuno-positive cells for CD117 

in left ventricular sections of the HFD group "group II" 
increased, but not significantly (P = 0.204) when compared 
to the control group. In addition, this number in the HFD 
+ G-CSF group "group III" was significantly greater 
(P  < 0.05) than in the HFD group and the control group                   
(Table 7).

Mean number of immuno-positive cells for CD117 in 
CD117 immunohistochemically-stained right atrial 
sections /high-power field  (X400)

The mean number of immuno-positive cells for CD117 
in right atrial sections of the HFD group "group II" was 
non-significantly higher (P = 0.248) than in the control 
group. Moreover, this number in the HFD + G-CSF group 
"group III" was significantly greater (P < 0.05) than in the 
HFD group and the control group (Table 8).

Fig. 2: Photomicrographs of paraffin sections in the left ventricle of all groups: (A, B) sections from group I (control group). (A) shows longitudinally cut 
cardiac muscle fibers with central, oval, and vesicular nuclei (arrows). Darkly stained intercalated discs (crossed arrows) are observed. Non-congested blood 
vessel (BV) and fibroblasts (curved arrows) are demonstrated in the endomysium. (B) shows transversely cut muscle fibers which appear polyhedral with 
mostly central vesicular nuclei (arrows). The endomysium contains fibroblasts (curved arrows) and normal blood capillaries (arrowheads). (C, D) longitudinal 
and transverse sections from group II (HFD group) respectively. (C) shows areas of disorganization, spacing, and disruption (arrows) of the muscle fibers. (C, 
D) show homogenous intensely stained acidophilic cytoplasm and shrunken deeply stained peripheral nuclei (crossed arrows) in some fibers (F). Cytoplasmic 
vacuolations (curved arrows) are also seen in some fibers. Other fibers show shrunken nuclei with perinuclear halos (zigzag arrows). (E, F) sections from group 
III (HFD+G-CSF group). (E) shows longitudinally cut muscle fibers which appear relatively normal with oval, vesicular, and central nuclei (arrows). Few 
fibers show small darkly stained peripheral nuclei (crossed arrows). (F) shows transversely cut muscle fibers which appear polyhedral with central vesicular 
nuclei (arrows). Few fibers (F) have intensely stained acidophilic cytoplasm and small deeply stained peripheral nuclei (crossed arrows). Other fibers show 
cytoplasmic vacuolations (curved arrows). (H & E X 400).      
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Fig. 3: Photomicrographs of paraffin sections in the left ventricle of all groups: (A, B) longitudinal and transverse sections from group I (control group) 
respectively, showing fine collagenous fibers in the endomysium (arrows) among the muscle fibers and around blood vessels (crossed arrow). (C, D) longitudinal 
and transverse sections from group II (HFD group) respectively, showing evident deposition of collagenous fibers in the endomysium (arrows) among the 
muscle fibers and in the perivascular areas (crossed arrows). (E, F) longitudinal and transverse sections from group III (HFD+G-CSF group) respectively, 
showing mild deposition of collagenous fibers in the endomysium (arrows) among the muscle fibers and in the perivascular areas (crossed arrows). (Masson 
's trichrome X 400).                     
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Fig. 4: Photomicrographs of paraffin sections in the left ventricle of all groups showing caspase-3 immune reaction: (A, B) longitudinal and transverse sections 
from group I (control group) respectively, showing minimal cytoplasmic immune reaction of caspase-3 (arrows). (C, D) longitudinal and transverse sections 
from group II (HFD group) respectively, showing positive caspase-3 immune reaction in the cytoplasm (arrows) or in both the cytoplasm and nuclei (crossed 
arrows) of the majority of the cardiac muscle fibers. (E, F) longitudinal and transverse sections from group III (HFD+G-CSF group) respectively, showing 
positive caspase-3 immune reaction in the cytoplasm (arrows) of few cardiac muscle fibers. (IHC for caspase-3 x 400).
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Fig. 5: Photomicrographs of paraffin sections in the left ventricle of all groups showing CD117 (C-kit) immune reaction: (A, B) longitudinal and transverse 
sections from group I (control group) respectively, showing positive cytoplasmic immune reaction of CD117 +ve cells (arrows) among the cardiac muscle 
fibers. (C, D) longitudinal and transverse sections from group II (HFD group) respectively, showing positive cytoplasmic immune reaction of CD117 +ve cells 
(arrows) among widely spaced cardiac muscle fibers. (E, F) longitudinal and transverse sections from group III (HFD+G-CSF group) respectively, showing 
positive cytoplasmic immune reaction of CD117 +ve cells (arrows) among the cardiac muscle fibers. Note, the apparent increase in immune reaction in 
comparison to both the control group and HFD group. (IHC for CD117 x 400).
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Fig. 6: Photomicrographs of paraffin sections in the right atrium of all groups showing CD117 (C-kit) immune reaction: (A, B) longitudinal and transverse 
sections from group I (control group) respectively, showing positive cytoplasmic immune reaction of CD117 +ve cells (arrows) among the cardiac muscle 
fibers. Note, the relatively increased CD117 immune reaction in comparison to the left ventricular sections of the control group. (C, D) longitudinal and 
transverse sections from group II (HFD group) respectively, showing positive cytoplasmic immune reaction of CD117 +ve cells (arrows) among the cardiac 
muscle fibers. Note, the relative increase in number of positive cells in comparison to the control group. (E, F) longitudinal and transverse sections from group 
III (HFD+G-CSF group) respectively, showing positive cytoplasmic immune reaction of CD117 +ve cells (arrows) among the cardiac muscle fibers. Note, the 
apparent increase in immune reaction in comparison to both the control group and HFD group. (IHC for CD117 x 400).
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Fig. 7: Electron micrographs in the left ventricle of group I (control group). (A) shows regularly arranged myofibrils (Mf) with well-organized sarcomeres 
extending between two Z lines (Z). The mitochondria are packed in longitudinal rows between the myofibrils (Intermyofibrillar mitochondria) (IMFM). The 
cardiac myocyte has oval and euchromatic nucleus (N). Perinuclear mitochondria (PNM) are seen at the pole of the nucleus. (B, C) show well-organized 
myofibrils with alternating dark (A) bands (red bracket) and light (I) bands (yellow brackets). Z lines (Z) and H zones (H) are demonstrated. Mitochondria (M) 
are arranged in rows between the myofibrils. Note, the electron dense glycogen granules (curved arrows) in intermyofibrillar spaces and the T-tubule (crossed 
arrows) at the level of Z lines.  In addition, fig. (C) shows zigzag-like intercalated disc (ICD). It is formed of fascia adherens (arrows), desmosomes (D) and 
gap junctions (arrowhead). In Fig. (D), the nucleus of the cardiac myocyte has a prominent nucleolus (Nu). The endomysium reveals spindle-shaped fibroblast 
(arrow), little amount of collagen fibrils (crossed arrow), and a blood capillary (C). (TEM  A x 1200, B x 2000, C x 3000, D x 1000).
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Fig. 8: Electron micrographs in the left ventricle of group II (HFD group). (A) shows variable-sized lipid droplets (L) in the perinuclear area of the cardiac 
myocyte. (B) shows marked disorganization of the myofibrils (Mf) and marked myofibrillar loss and disruption (arrows). The mitochondria are irregularly 
arranged. Some mitochondria show marked electron dense matrix (curved arrows), others are bizarre-shaped (M) or crescent-shaped (bifid arrow). Scattered 
variable-sized lipid droplets (L) appear between the myofibrils. (C) shows irregularity and widening of the intercalated disc (arrows). Swollen mitochondria 
(arrow heads), areas of myofibrillar disruption (crossed arrows), and secondary lysosomes (zigzag arrows) are demonstrated. (D) shows marked collagen 
deposition (crossed arrows) and a blood capillary (C) in the endomysium. Scalloping of the sarcolemma (arrows) and aggregated swollen subsarcolemmal 
mitochondria (M) are demonstrated. (TEM  A x 2000, B x 2000, C x 3000, D x 1000).
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Fig. 9: Electron micrographs in the left ventricle of group III (HFD+G-CSF group). (A) shows relatively organized myofibrils (Mf) and regularly arranged 
myofilaments with the normal striation pattern. Focal areas of myofibrillar disruption (arrows) are demonstrated. Mitochondria are arranged in longitudinal 
rows between the myofibrils (Intermyofibrillar mitochondria) (IMFM). The nucleus (N) is euchromatic. Perinuclear mitochondria (PNM) are seen at the 
pole of the nucleus. (B) shows relatively organized myofibrils (Mf) with relatively fewer and smaller lipid droplets (crossed arrows) between the myofibrils. 
Mitochondria (M) have variable sizes, shapes, and distribution. Focal disruption of the myofilaments (arrows) is demonstrated. (C) shows normal intercalated 
discs which are formed of fascia adherens (red brackets), desmosomes (D), and gap junctions (arrow heads). (D) shows relatively organized myofibrils 
(Mf) with some areas of disruption (asterisks). The intermyofibrillar mitochondria (M) appear relatively normal. Secondary lysosomes (bifid arrows) are 
demonstrated. The endomysium shows collagen deposition (crossed arrows) which is relatively little in amount as compared to Fig. 8D. (TEM  A x 1500, B 
x 2000, C x 3000, D x 1200).



316

G-CSF AMELIORATES HFD-INDUCED CARDIOMYOPATHY

Fig. 10: Electron micrographs in the right atrium of all groups. (A) a section from group I (control group) shows two cardiac myocytes (CM1, CM2) with 
the C.T. endomysium. The endomysium shows an ovoid stem cell (arrow) with ovoid euchromatic nucleus (N) and a triangular telocyte (crossed arrow) with 
euchromatic nucleus (Nu) and a telopode (zigzag arrow). Both the stem cell and the telocyte are situated near a blood capillary (C). Note, presence of electron 
dense atrial natriuretic granules (curved arrows) in the cardiac myocytes. (B) a section from group II (HFD group) shows two cardiac myocytes (CM1, CM2) 
with the C.T. endomysium. The endomysium shows a stem cell (arrow) with oval euchromatic nucleus (N), scattered mitochondria (arrow heads), and short 
cytoplasmic processes (zigzag arrows). A telocyte (crossed arrow) with condensed irregular nucleus (Nu), cytoplasmic vacuolations (V), and telopodes (thick 
arrows) is demonstrated. CM1 shows a shrunken heterochromatic nucleus (bifid arrow) and electron dense granules of atrial natriuretic peptide (curved arrow) 
at one pole of the nucleus. (C) a section from group III (HFD+G-CSF group) shows three cardiac myocytes (CM1, CM2, CM3) with the C.T. endomysium. 
The endomysium shows two stem cells (arrows) with ovoid euchromatic nuclei (N) and a telocyte (crossed arrow) with ovoid euchromatic nucleus (Nu). (D) 
a section from group III (HFD+G-CSF group) shows a longitudinal cardiac myocyte (L) and a transverse one (T). The myofibrils (Mf) are well-organized 
with variable-sized electron dense atrial natriuretic granules (arrow heads). A triangular telocyte (arrow) with variable-sized cytoplasmic vacuolations (V) is 
demonstrated in the endomysium. (TEM  A and B x 800, C and D x 1000).
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Table 1: Malondialdehyde (MDA) level (nmol/g. tissue) in the cardiac tissue homogenates within study groups (Mean ± SD)

Control Group (Group I) (N=10) HFD Group (Group II) (N=10) HFD + G-CSF Group (Group III) (N=10) Significance test 

Mean ± SD 48.53 ± 4.69 117.1 ± 7.24 83.25 ± 6.51
One-way ANOVA 
P value 0.001<*P1 0.001<* 0.001<*

P2  0.001<*

Note: N: number, SD: standard deviation, P: Probability of ANOVA.
∗ : statistically significant (P ≤ 0.05).
P1: Significance in relation to group I (control group)  P2: Significance in relation to group II (HFD group).

Table 2: Area percentage of the collagenous fibers /HPF (X400) within study groups (Mean ± SD)

Control Group (Group I) (N=10) HFD Group (Group II) (N=10) HFD + G-CSF Group (Group III) (N=10) Significance test

Mean ± SD 2.14 ± 0.11 12.27 ± 0.64 4.97 ± 0.23 One-way 
ANOVA 

P value 0.001<*
P1 0.001<* 0.001<*

P2  0.001<*

Note: N: number, SD: standard deviation, P: Probability of ANOVA.
∗ : statistically significant (P ≤ 0.05).
P1: Significance in relation to group I (control group).  P2: Significance in relation to group II (HFD group).

Table 3: Area percentage of positive caspase-3 immune expression /HPF (X400) within study groups (Mean ± SD)

Control Group (Group I) (N=10) HFD Group (Group II) (N=10) HFD + G-CSF Group (Group III) (N=10) Significance test

Mean ± SD 0.45 ± 0.14 15.93 ± 0.17 4.75 ± 0.19
One-way ANOVA 
P value 0.001<*P1 0.001<* 0.001<*

P2  0.001<*

Note: N: number, SD: standard deviation, P: Probability of ANOVA.
∗ : statistically significant (P ≤ 0.05).
P1: Significance in relation to group I (control group).    P2: Significance in relation to group II (HFD group).

Table 4: Area percentage of positive CD117 immune expression in left ventricular sections /HPF (X400) within study groups (Mean ± SD)

Control Group (Group I) (N=10) HFD Group  (Group II) (N=10) HFD + G-CSF Group (Group III) (N=10) Significance test

Mean ± SD 0.38 ± 0.06 0.45 ± 0.11 1.44 ± 0.31
One-way ANOVA 
P value 0.001<*P1 0.805 0.001<*

P2  0.001<*

Note: N: number, SD: standard deviation, P: Probability of ANOVA.
∗ : statistically significant (P ≤ 0.05).
P1: Significance in relation to group I (control group).                     P2: Significance in relation to group II (HFD group).

Table 5: Area percentage of positive CD117 immune expression in right atrial sections /HPF (X400) within study groups (Mean ± SD)

Control Group (Group I) (N=10) HFD Group (Group II) (N=10) HFD + G-CSF Group (Group III) (N=10) Significance test

Mean ± SD 0.94 ± 0.12 1.22 ± 0.47 3.05 ± 0.22
One-way ANOVA 
P value 0.001<*P1 0.295 0.001<*

P2  0.001<*

Note: N: number, SD: standard deviation, P: Probability of ANOVA.
∗ : statistically significant (P ≤ 0.05).
P1: Significance in relation to group I (control group).                  P2: Significance in relation to group II (HFD group).
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DISCUSSION                                                                       

Worldwide, the intake of high-fat diets has been 
significantly increased due to major alterations in people's 
lifestyles. With little exercise, obesity and weight gain can 
result from a high-fat diet (HFD).[22] Numerous changes in 
both structure and function of the myocardium linked to 
HFD can result in various types of cardiac impairment and 
failure.[23] Granulocyte-colony stimulating factor (G-CSF) 
is a glycoprotein hematopoietic growth factor which 
can induce the precursor cells of neutrophils in the bone 
marrow to survive, proliferate, and differentiate.[24,25] The 
aim of this research was to evaluate the role of G-CSF in 
amelioration of the changes that may occur in the cardiac 
muscle of adult male albino rats due to HFD intake and to 
assess the role of G-CSF in promoting cardiac muscle fiber 
repair mechanisms.

H&E-stained left ventricular sections of group II (HFD 
group) revealed significant degenerative alterations in the 
myocardium. Previous research has suggested that ROS 
(reactive oxygen species) overproduction contributes 
significantly to HFD-induced myocardial damage.[26,27] 

This explains the significant increase in the level of 
malondialdehyde (MDA) in cardiac tissue homogenates 
of HFD group which is regarded as an oxidative stress 
biomarker. The majority of the cardiac muscle fibers 
in this group revealed hypereosinophilic sarcoplasm in 

H&E-stained sections. These findings coincide with the 
postulation of Dawood and Hareedy[28] who reported that 
HFD-induced oxidative stress leads to compensatory rise in 
mitochondrial number and size (mitochondrial biogenesis) 
trying to maintain the normal function of the cardiac 
myocytes under stress. This finding was confirmed by 
ultrastructural examination of the cardiac myocytes of HFD 
group in the current study which revealed aggregations of 
numerous swollen mitochondria in the cardiac myocytes.

This oxidative stress induced by HFD caused significant 
changes in ultrastructure of various constituents of cardiac 
myocytes, including myofibrils, mitochondria, and plasma 
membrane. These ultrastructural alterations run in parallel 
with the light microscopic findings of current research. As 
regards the cardiac myofibrils, examination of the cardiac 
myocytes of HFD group revealed significant degenerative 
changes in ultrastructure of cardiac myofibrils in the form 
of disorganization and disruption. These changes could 
be attributed to oxidative injury to the cardiac myocytes 
by ROS.[29] Bonda et al[30] thought that the myofibrillar 
damage seen in their research was a result of mitochondrial 
dysfunction. Concerning the cardiac mitochondria, HFD 
group revealed significant mitochondrial morphological 
alterations in the form of deformation, variability in size 
and shape, and marked disorganization. Marques Neto 
et al[31] documented that HFD-induced oxidative stress 
leads to subsequent opening of mPTP (mitochondrial 

Table 6:  Number of caspase-3 immuno-positive cells /HPF (X400) within study groups (Mean ± SD)

Control Group (Group I) (N=10) HFD Group  (Group II) (N=10) HFD + G-CSF Group (Group III) (N=10) Significance test

Mean ± SD 0.83 ± 0.75 24.17 ± 1.17 5.17 ± 1.47
One-way ANOVA 
P value 0.001<*P1 0.001<* 0.001<*

P2  0.001<*

Note: N: number, SD: standard deviation, P: Probability of ANOVA.
∗ : statistically significant (P ≤ 0.05).
P1: Significance in relation to group I (control group).                                     P2: Significance in relation to group II (HFD group).

Table 7: Number of CD117 immuno-positive cells in left ventricular sections /HPF (X400) within study groups (Mean ± SD)

Control Group (Group I) (N=10) HFD Group (Group II) (N=10) HFD + G-CSF Group (Group III) (N=10) Significance test

Mean ± SD 2.83 ± 0.75 3.67 ± 0.52 7.5 ± 1.05
One-way ANOVA 
P value 0.001<*P1 0.204 0.001<*

P2  0.001<*

Note: N: number, SD: standard deviation, P: Probability of ANOVA.
∗ : statistically significant (P ≤ 0.05).
P1: Significance in relation to group I (control group).                                 P2: Significance in relation to group II (HFD group).

Table 8: Number of CD117 immuno-positive cells in right atrial sections /HPF (X400) within study groups (Mean ± SD)

Control Group (Group I) (N=10) HFD Group (Group II) (N=10) HFD + G-CSF Group (Group III) (N=10) Significance test

Mean ± SD 5.5 ± 0.55 6.17 ± 0.75 14.83 ± 0.75
One-way ANOVA 
P value 0.001<*P1 0.248 0.001<*

P2  0.001<*

Note: N: number, SD: standard deviation, P: Probability of ANOVA.
∗ : statistically significant (P ≤ 0.05).
P1: Significance in relation to group I (control group).                                      P2: Significance in relation to group II (HFD group).
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permeability transition pore) and suppression of the 
synthesis of ATP resulting in swelling and dysfunction of 
mitochondria. Regarding the cardiac myocyte's plasma 
membrane, corrugation and scalloping of the sarcolemma 
and subsarcolemmal accumulation of swollen mitochondria 
were demonstrated in group II. These results coincide with 
that of Dawood and Hareedy[28] and Nabil et al[32]. Omar             
et al[33] demonstrated that ROS are extremely cytotoxic and 
induce membrane phospholipid peroxidation producing a 
noticeable deterioration and scalloping of the sarcolemma 
of cardiac myocytes.

On the contrary, H&E-stained left ventricular sections 
of group III (HFD + G-CSF group) demonstrated an 
apparent improvement in the structural alterations of the 
myocardium in comparison to group II (HFD group). Many 
previous studies have reported the antioxidant effect of 
G-CSF. Hou et al[34] reported the protective role of G-CSF 
against the cardiac, hepatic, and renal damage caused by 
Adriamycin via the antioxidant effect of G-CSF. In the 
current research, this histological improvement could be 
correlated to the reduced level of MDA observed in this 
group which indicated diminution of oxidative stress.

This antioxidant effect of G-CSF caused noticeable 
improvement in ultrastructure of cardiac myofibrils, 
mitochondria, and plasma membrane. This ultrastructural 
improvement is consistent with the light microscopic 
observations of the current research. Regarding the cardiac 
myofibrils, there was marked improvement in myofibrillar 
ultrastructure in group III which may be mediated by G-CSF-
induced upregulation of cardiac expression of GATA-4 
which is an essential transcriptional factor that controls 
the expression of sarcomeric proteins like alpha-myosin 
heavy chain (MHC).[35] In addition, G-CSF can protect the 
mitochondria of the cardiomyocytes during initial stages of 
heart damage through various mechanisms. Hiraumi et al[36] 
reported that G-CSF can preserve cardiac mitochondria by 
enhancing ATP synthesis, and reestablishing the electron 
transport and oxygen utilization within the mitochondria 
primarily via complex IV. Furthermore, G-CSF has 
antioxidant impact on the myocardial cell membrane.[33,37]

In group II, H&E-stained sections revealed variable-
sized vacuolations in the majority of cardiac muscle 
fibers' sarcoplasm. This finding coincides with the work 
of Chiu et al[38], Feriani et al[39], and Ushakumari et al[40] 

who declared that vacuolations may be an indication of 
intracellular lipid accumulation in cardiac myocytes. This 
finding was confirmed by ultrastructural examination of 
the cardiac myocytes of this group which revealed marked 
aggregations of variable-sized lipid droplets between the 
myofibrils and in the perinuclear areas. On the other hand, 
few muscle fibers of group III showed fewer vacuolations 
in their sarcoplasm. This finding was confirmed by 
ultrastructural examination of the cardiac myocytes of 
this group. Joo et al[41] attributed this finding to G-CSF-
induced enhancement of autophagy and thus decreasing 
lipid droplet accumulation in the cardiac myocytes.

By TEM, the intercalated discs (ICDs) of group II 
displayed irregularity and widening. Similar results 
were attained by Sibouakaz et al[42] and Rasheed et al[43]. 
Meng et al[44] reported that connexin-40 (Cx40) and Cx43 
expression, which are the primary connexins found at gap 
junctions of ICDs, is significantly downregulated by HFD, 
and their distribution is changed. On the other hand, ICDs 
in group III appeared normal with zigzag-like appearance. 
G-CSF can preserve ICDs by enhancing expression of 
Cx43 and controlling its phosphorylation and distribution 
through the JAK2-STAT3 pathway.[45-47] Moreover, 
secondary lysosomes were detected in the sarcoplasm of 
cardiac myocytes of group II. Previous workers reported 
that HFD-induced impairment of autophagy is one of the 
primary causes of lysosome accumulation in cells.[48]

In group II, marked deposition of blue-stained 
collagenous fibers in the endomysium among the 
cardiac muscle fibers and in the perivascular areas was 
demonstrated in Masson’s trichrome-stained sections. 
These results run in parallel with that published by Shatoor 
and Al Humayed[49]. This was confirmed by ultrastructural 
analysis of the myocardium of this group which revealed 
marked deposition of collagen fibrils in the endomysium. 
This result is consistent with a study published by Rasheed 
et al[43]. Deposition of collagen observed in this group was 
also confirmed by the statistical results which indicated 
that the mean area percentage of the collagenous fibers in 
group II was significantly increased in comparison to the 
control group. Multiple mechanisms have been suggested 
to explain HFD-induced cardiac fibrosis. Sahraoui                 
et al[50] and Rasheed et al[43] mentioned that fibrosis may 
be due to enhanced expression of pro-α1 chains of types 
I and III of collagen in the cardiac tissue. In addition, ER 
stress caused by HFD is a pro-fibrotic stimulus.[51] On the 
contrary, Masson’s trichrome-stained sections of group 
III demonstrated that perivascular and interstitial fibrosis 
was significantly reduced, as compared with group II. This 
was confirmed by ultrastructural myocardial examination 
of group III which demonstrated mild interstitial collagen 
deposition. This finding was also confirmed by the 
statistical results which exhibited a significant decrease 
in the mean area percentage of the collagenous fibers in 
group III in comparison to group II. These findings support 
the antifibrotic impact of G-CSF that has been previously 
documented.[52] Szardien et al[53] suggested that G-CSF 
reduces the fibrosis in the cardiac tissue by regulation of 
collagen production and breakdown in the extracellular 
matrix (ECM). They reported that G-CSF enhances matrix 
metalloproteinase-2 (MMP-2) and MMP-9 expressions 
leading to breakdown of excess collagen.

An obvious caspase-3 positive immune expression 
was observed in the cytoplasm and nuclei of the cardiac 
myocytes of group II. This observation was approved by 
the statistical findings that showed significant increases 
in the area percentage and the mean number of immuno-
positive cells for caspase-3 in group II in comparison to 
the control group. The increased caspase-3 expression as a 
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marker for apoptosis[54] coincides with H&E results which 
revealed apoptotic nuclear changes in HFD group. There 
are several proposed mechanisms for the cardiomyocyte 
apoptosis caused by HFD, but oxidative stress is still the 
main reason[55]. ROS overproduction causes cytochrome 
C to be released from mitochondria to the cytoplasm 
resulting in apoptosis.[56] On the contrary, group III showed 
positive immune reaction of caspase-3 in the cytoplasm of 
few cardiac myocytes, in comparison to group II. This was 
represented statistically by a significant reduction in the 
area percentage and the mean number of immuno-positive 
cells for caspase-3. Buddhala et al[57] reported that G-CSF 
prevents apoptosis by preserving mPTP via inhibition of 
mPTP opening. 

In the present study, CD117 (C-kit) antibody is used as a 
marker for cardiac stem cells (CSCs).[58] CSCs are a diverse 
group of cells which live in distinct stem cell niches in 
particular regions of the normal human heart[15,59]  McQuaig 
et al[60] and Sjölin et al[61] demonstrated that the highest 
concentrations of CSCs are thought to be found in the 
right atrium, right atrial appendage, right atrioventricular 
junction, and base of the tricuspid valve. Telocytes (TCs) 
are type of interstitial cells that reside in the stem cell 
niches of several organs, including the heart, participate in 
tissue regeneration, and also express CD117[62,63].

Immunohistochemical stained sections of the right 
atrium of the control group for C-kit immune reaction 
showed positive immune reaction represented in resident 
(endogenous) cardiac stem cells and telocytes in the C.T. 
endomysium among the cardiac muscle fibers. However, 
the sections of the left ventricle revealed positive immune 
reaction in relatively fewer cardiac stem cells and telocytes 
among the cardiac muscle fibers. These results are in 
accordance with those of Arsalan et al[64] and  Li, Guo,                                                                                                                             
et al[65] who showed that the atria have a higher concentration 
of CSCs compared to the ventricles. Furthermore, minimal 
injury may occur in the normal hearts resulting in very low 
rates of apoptosis[66,67] promoting stem cell migration from 
the atrium to the ventricle.

These C-kit positive cells are mostly cardiac stem 
cells. This is explained by the significant increase in C-kit 
immune expression in group III (HFD + G-CSF group) by 
G-CSF-mediated mobilization of hematopoietic stem cells. 
Furthermore, Ceausu et al[15] reported that CSCs were 
recognized by their intimate adherence to cardiac myocytes. 
They were found in the peri-fibrillar and interstitial spaces, 
in close proximity to the sarcolemma of the cardiac muscle 
fibers. From a morphological perspective, CSCs are 
small, plump, ovoid cells with clearly defined borders. 
This is supported by ultrastructural examination of the 
myocardium in all groups which revealed cardiac stem 
cells and telocytes in the endomysium. In addition, CSCs 
have been isolated from a variety of animal models using 
selection based on CD117 expression.[68] The progenitor 
marker CD117 has been used to differentiate between 
endothelial cells and endothelial progenitor cells (EPCs) 
(type of CSCs). Endothelial cells can express multiple 

endothelial markers, including CD31, CD34, CD144, 
CD146, and KDR, while EPCs are positive for CD117.[69]

On the other hand, HFD group revealed non-significant 
increases in the area percentage and the mean number 
of C-kit immuno-positive cells. Importantly, the cardiac 
injury in any heart disease causes an increase in C-kit 
expression[70] as an attempt to initiate the repair process. 
Li et al[65] reported an increase in cardiac expression of 
C-kit in heart failure through stem cell mobilization to the 
sites of tissue damage that need repair. Regarding group 
III, immune expression of C-kit in both left ventricular 
and right atrial sections was significantly increased, in 
comparison to group II. This was supported statistically 
by a significant increase in the area percentage and the 
mean number of immuno-positive cells for C-Kit. This 
indicates that G-CSF effectively promotes bone marrow-
derived hematopoietic stem cell (HSC) mobilization and 
enhances their homing to the sites of cardiac injury. Such 
findings coincide with that published by Huber et al[71], 
Gross et al[72], and Ghanimati et al[24]. In addition to the 
capability of the positive cells for C-kit to differentiate into 
cardiomyogenic or vasculogenic lineage after myocardial 
injury, they can trigger additional processes like neo-
angiogenesis, apoptosis suppression, ECM remodeling, 
and activation of additional stem cells resulting in cardiac 
regeneration.[24,58,73]  

Ultrastructural examination of the endomysium of the 
right atrium of the control group showed resident CSCs 
having euchromatic centrally located nuclei and little 
cytoplasm with high nuclear to cytoplasmic ratio. Telocytes 
with euchromatic nuclei and cytoplasmic processes 
(telopodes) were also observed. These results coincide with 
those published by Gherghiceanu et al[74], Ceausu et al[15], 
Gawad et al[75], and Shati et al[76]. Regarding group II, the 
stem cells had euchromatic nuclei. However, the telocytes 
had condensed irregular nuclei and marked cytoplasmic 
vacuolations. In cardiomyopathy, oxidative stress has 
a deleterious effect on telocyte formation by apoptosis. 
Previous studies reported that telocytes can endure this 
hostility, but only with changes to their ultrastructure that 
include cytoplasmic vacuolations.[63,77,78] The stem cells in 
group III had euchromatic nuclei. Some telocytes appeared 
normal, others exhibited cytoplasmic vacuolations. Omar 
et al[79] demonstrated that telocytes are preserved by G-CSF 
through G-CSF's protective impact on telocytes as well as 
the ability of  G-CSF to mobilize hematopoietic stem cells. 
Therefore, the preserved telocytes can serve the cardiac 
myocytes by providing support to the cardiac myocytes 
and by the nursing effect for stem cells.[79,80] 

CONCLUSION                                                                           

From this study, it is possible to reach the conclusion 
that HFD negatively impacts the microscopic structure of 
the cardiac muscle of adult rats. Therefore, diet control 
and avoidance of HFD are recommended to protect the 
cardiovascular system from such effects. G-CSF has a 
promising role in amelioration of HFD harmful effects on 
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the myocardium. Further clinical studies and investigations 
such as ECG, Echo and biochemical analysis for cardiac 
enzymes are needed for accurate evaluation of the 
cardioprotective role of G-CSF against HFD-induced 
cardiotoxicity as well as assessment of the safety of G-CSF 
use.
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الملخص العربى

التأثير المخفف المحتمل لعامل تحفيز مستعمرات خلايا الدم البيضاء المحببة على اعتلال 
عضلة القلب الناجم عن النظام الغذائي عالي الدهون في الجرذان البيضاء: دراسة نسيجية 

وهستوكيميائية مناعية ودراسة التركيب الدقيق

سارة مجدي عبد الهادي السعيد، شهاب حافظ محمد، نسرين مصطفى عمر، ايمان شعبان عبد العزيز أبو العلا
قسم علم الأنسجة الطبية وبيولوجيا الخلية- كلية الطب- جامعة المنصورة 

الخلفية: عادة ما يرتبط تناول نظام غذائي عالي الدهون (HFD) لفترات طويلة بالسمنة وزيادة خطر الإصابة بأمراض 
متعددة بما في ذلك داء السكري من النوع الثاني، واضطرابات القلب والأوعية الدموية، وارتفاع ضغط الدم، وكذلك 
زيادة الدهون في الدم. عامل تحفيز مستعمرة الخلايا المحببة (G-CSF) هو سيتوكين متعدد الببتيد يشارك في التحكم 

الأساسي في إنتاج الخلايا المتعادلة.
الهدف من البحث: تم إجراء الدراسة الحالية لاستقصاء دور G-CSF في اعتلال عضلة القلب الناجم عن HFD في 

نموذج الفئران.
مواد وطرق البحث: تم استخدام ثلاثين من ذكور الجرذان البيضاء البالغة (200-220 جرام) وتم تقسيمهم إلى ثلاث 
مجموعات. المجموعة الأولى (المجموعة الضابطة): تم تغذيتها على نظام غذائي قياسي لمدة 14 أسبوعا. المجموعة 
الثانية (مجموعة HFD): تم تغذيتها على HFD لمدة 14 أسبوعا. المجموعة الثالثة (HFD + G-CSF) تم تغذيتها 
على HFD لمدة 14 أسبوعًا وتعطى G-CSF (200 ميكروجرام / كجم / يوم) داخل التجويف البريتونى مرة واحدة 
يومياً لمدة 5 أيام متتالية تبدأ بعد 12 أسبوعًا من تناول HFD. تم الحصول على عينات من البطين الأيسر والأذين 
والهستومورفومترية  البيوكيميائية  الدراسات  إجراء  تم  والإلكترونية.  الضوئية  المجهرية  للدراسات  الأيمن ومعالجتها 

(النسيجية) والإحصائية.
النتائج: أظهرت مجموعة HFD تغيرات وتدهور ملحوظ في عضلة القلب على مستوى المجهر الضوئي والإلكتروني. 
رافقت هذه التغييرات زيادات كبيرة في مستوى MDA للأنسجة ونسبة مساحة الكولاجين والتفاعل المناعي الإيجابي 
ل caspase-3. من ناحية أخرى، أظهرت مجموعة HFD + G-CSF تحسناً في أنسجة عضلة القلب مع انخفاض في 
مستوى MDA في الأنسجة ونسبة مساحة الكولاجين والتفاعل المناعي الإيجابي ل caspase-3. ولوحظ أيضًا زيادة 

التفاعل المناعي الايجابي ل CD117 في هذه المجموعة.
الاستنتاج: يمكن لـ G-CSF أن يخفف بشكل كبير من السمية القلبية بسبب HFD من خلال التأثيرات المضادة للأكسدة 
والمضادة لموت الخلايا المبرمج والمضادة للتليف وتحريك الخلايا الجذعية المشتقة من النخاع العظمي إلى الأنسجة 

المصابة.


