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ABSTRACT
Introduction: Cardiomyopathy, which is distinguished by biochemical and histological alterations, significantly contributes 
to worldwide mortality, particularly ventricular infarction.
Objective: Is to assess histological alterations within the myocardium induced by Isoproterenol (ISP), and to explore the 
potential protective effects of Granulocyte Colony Stimulating Factor (G-CSF) versus Galangin.
Material and Methods: Sixty-six adult male albino rats were randomly assigned to four groups. Group I, control group 
(n=18), Group II: (n=16), received isoproterenol at a daily dose of 5mg/kg for 14 days; Group III (n=16) received Isoproterenol 
as in group II and G-CSF (at a dose of 10 μg/kg/day SC) for 6 days; and Group IV (n=16), received isoproterenol as in group 
II and Galangin at a dose of 1mg/kg for a duration of 4 weeks. At the end of the experiment, the animals were given anesthesia, 
euthanized, and cardiac samples were obtained for histological, immunohistochemical, and electron microscopic analysis.
Results: ISP treated group exhibited elevated concentrations of cardiac enzymes, specifically lactate dehydrogenase (LDH), 
creatine kinase MB isoenzyme (CK-MB), and cardiac troponin (cTn I). Additionally, a reduction in levels of antioxidant 
enzymes, including glutathione, SOD, and catalase was observed. Histological results included loss of myofibril bands, dark 
stained pyknotic nuclei, cellular infiltration, and extensive hemorrhage within widened endomysium. It also revealed increased 
area percentage of collagen, TNF-α, VEGF, and Caspase-3. Furthermore, ultrastructural observations revealed myofibril band 
disruption and fragmentation, swollen mitochondria and cracked Z-lines. These findings were ameliorated in group III and 
group IV but, the concurrent treatment of Granulocyte Colony Stimulating Factor (G-CSF) resulted in significantly more heart 
tissue preservation compared to Galangin.
Conclusion: G-CSF exhibits markedly more protective effect on cardiac tissue compared to Galangin on induced myocardial 
damage. More researches are needed to determine the protective effects and optimal dosage of G-CSF and galangin on humans 
to achieve greater efficacy. 
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INTRODUCTION                                                                       

Worldwide, cardiovascular diseases constitute the 
primary cause of mortality. Myocardial infarction is the 
nation's most frequent manifestation of cardiovascular 
disease. Notwithstanding notable advancements in 
the management of acute myocardial infarction (MI) 
and coronary artery disease (CAD) over the past two 
decades, MI remains the primary etiology of heart failure 
(HF)[1]. Other researchers[2] recognized three unique 
clinical manifestations that differ in etiology, clinical 
characteristics, and prognosis based on the chronological 
evolution of MI onset and heart failure development. 
Myocardial necrosis or injury is the result of myocardial 
infarction. This condition is characterized by an elevation 

in cardiac biomarkers and supporting clinical evidence, 
including electrocardiogram (ECG) abnormalities, 
imaging confirmation of newly formed viable myocardium 
damage, or abrupt irregularities in regional wall motion[3].

The synthetic catecholamine isoproterenol has a 
beneficial impact on both the chronotropic and inotropic 
systems by acting as a β-adrenergic agonist. Consequently, 
a deficit arises between the augmented cardiac demand and 
the reduced coronary blood flow, which causes significant 
cardiac stimulation[4]. Furthermore, it is critical to specify 
that Isoproterenol (ISP) results in the generation of 
cytotoxic free radicals and reactive oxygen species (ROS). 
This procedure causes additional disruption to the intricate 
balance between antioxidative defense mechanisms and 
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free radicals, thus bearing resemblance to MI that is 
observed in humans[5]. Additional scholars[6] hypothesized 
that the mechanism by which ISP induces Ca2+ influx 
stimulation is a crucial underlying factor that contributes 
to a variety of cardiac dysfunctions and, ultimately, 
myocardial damage. Granulocyte colony-stimulating 
factor (G-CSF) has been the subject of intense research 
and development over the past 20 years due to its potential 
as a crucial therapeutic intervention[7]. This glycoprotein 
is present in a wide variety of body tissues. It possesses 
the capacity to stimulate cell proliferation, mobilization, 
and survival[8]. It induces generation of diverse precursors, 
including stem cells and granulocytes, within the bone 
marrow, subsequently liberating into the circulation. It 
prevents pro-inflammatory cytokine production. G-CSF 
suppressed TGF-1 expression through the generation 
of anti-fibrogenic cytokines. G-CSF therapy decreased 
interleukin-6, TGF-b1, and collagen type IV mRNA 
levels[9]. It has been demonstrated that G-CSF stabilizes 
myocardial electrophysiological characteristics, prevents 
ventricular remodeling, decreases the risk of ventricular 
arrhythmia during ischemia reperfusion injury, and inhibits 
myocardial apoptosis and inflammation[10].

Galangin, which is a polyphenolic compound 
(3,5,7-trihydroxyflavone or 3,5,7-trihydroxy-2-phenyl-
4H-chromen-4-one), is derived from the galangal ginger 
plant. Honey, lesser galangal, and greater galangal plants 
are all abundant in Galangin. Traditional medicine has 
utilized "propolis" a bee glue that is abundant in Galangin, 
to treat wounds, sores, and swelling[11]. Galangin has been 
demonstrated in prior studies to inhibit cell proliferation, 
stimulate apoptosis, impede cell metastasis, stimulate 
cell autophagy, and exhibit anti-inflammatory as well 
as antioxidant characteristics[12]. According to recent 
research, it is of paramount importance in the progression 
of neointimal hyperplasia subsequent to vascular injury[13].  
Galangin has been associated with several beneficial 
biological impacts, including antibacterial, anticancer, 
anti-apoptotic, antifibrotic, and anti-inflammatory 
characteristics[14]. Galangin enhanced the activity of 
autogenous antioxidant enzymes, such as SOD, CAT, 
glutathione peroxidase, and glutathione-S transferase, 
thereby mitigating oxidative damage[15].

For simulating myocardial ischemia, the ISP-induced 
model is a straightforward, non-invasive, time-efficient, 
and economical method that maintains the pericardium's 
integrity and necessitates only minor surgical intervention. 
As stated earlier, the administration of ISP consistently 
leads to cardiac dysfunction with dilatation of the left 
ventricle, resembling the symptoms observed in the 
extensively infarcted heart[16]. In our investigation, 
myocardial infarction (MI) was provoked through 
subcutaneous isoproterenol (ISP) administration[6].

The aim of this scientific investigation is to evaluate 
the histological consequences of Galangin versus G-CSF 
on cardiotoxicity induced by isoproterenol.

MATERIAL AND METHODS                                                  

Ethical approval
Following the guidelines for animal care established 

by the National Institutes of Health (NIH), the Faculty 
of Medicine at Menoufia University granted Institutional 
Research Board (IRB) approval for this study (Code 
number: 2/2022 HIST 48).

Animals
The experiment utilized 66 twelve-weeks-old adult 

male albino rats weighing 170–200 grams. The University 
of Menoufia Faculty of Medicine's animal facility supplied 
the study's animals. They got one week to adjust to the 
lab before the experiment. The animals had unrestricted 
consumption of water and food at ambient temperature 
in safe, conventional cages. and their general health was 
assessed.

Chemicals
G-CSF: G-CSF-filgrastim (recombinant human 

granulocyte-colony stimulating factor 300 µg/ml liquid 
for systemic or intravenous injection) was supplied by 
SEDICO Pharmaceuticals Company (Egypt). It was 
purchased from El-Ezaby pharmacy, Egypt.

Isoproterenol hydrochloride: it was purchased from 
Sigma-Aldrich Co., St. Louis, MO, USA in the form of 
powder. The powder was liquified in normal saline. It was 
given to the animals via subcutaneous injection. 

Galangin: it was purchased on line from Nine-life web 
site in the form of powder. The powder was purified to 
99.24% by Medical S&T Development (Shanghai, China). 
It was dissolved in corn oil and given orally to rats by 
gastric tube.

Experimental procedure
The animals were randomly grouped into four groups.

Control Group I (18 rats) was assigned at random to 
the following five subgroups:

•	 Subgroup Ia: 3 animals remained untreated for the 
duration of the experimental period (4 weeks).

•	 Subgroup Ib: 3 rats subcutaneously injected by 1 
ml of normal saline daily for 14 days (vehicle for 
ISP) 

•	 Subgroup Ic: 4 rats were orally administered 1 ml 
of corn oil (vehicle for Galangin) orally once daily 
during the period of experiment.

•	 Subgroup Id (G-CSF treated group): 4 rats obtained 
G-CSF therapy. The rats were given Filgrastim 
(G-CSF) at a daily rate of 10 μg/kg/day SC over 6 
days[17] before being left untreated for the duration 
of the trial (4 weeks). 

•	 Subgroup Ie [Galangin-treated group]: 4 rats were 
given galangin at a dose of 1mg/kg b. wt.[14] once a 
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day for 4 weeks via an intragastric tube. Galangin 
powder dissolved in corn oil. 

Group II [Isoproterenol (ISP) treated] (n=16): 
subcutaneous injections of ISP at a dosage of 5mg/kg b. 
wt. daily for 14 days were administered to these rats[14].

Group III [G-CSF & Isoproterenol treated] (n=16): For 
a duration of six days, 16 rats were subcutaneously injected 
with Filgrastim (G-CSF) at a rate of 10 μg/kg/day[17] then, 
subcutaneous injection of ISP as described earlier[14].

Group IV [Galangin & Isoproterenol treated group] 
(n=16): Galangin was administered orally to 16 rats as 
described for four weeks prior to each isoproterenol 
subcutaneous injection for 14 days as described[14].

Rats were weighed 24 hours after their last medication 
treatment, and blood samples were drawn from tail veins 
using heparinized capillary tubes to determine serum 
levels of cardiac enzymes. The rats were subsequently 
anesthetized with an intraperitoneal intake of 100 mg/
kg ketamine-xylazine[18]. The rats were slaughtered. 
Their hearts were removed, cleaned, and weighed using 
an electronic scale in grams. After being excised, the 
specimens were immersed in normal saline. The tissues 
were split, and histological investigations were conducted.

Biochemical assessment
All biochemical investigations were carried out in the 

central lab. Menoufia University's Faculty of Medicine. 

Serum cardiac marker enzymes

Levels of cardiac troponin I (c TnI), creatine kinase-
MB (CK-MB), and lactate dehydrogenase (LDH) were 
measured to assess cardiac muscle damage[19].

Oxidative stress markers

•	 Estimate malondialdehyde (MDA) to indirectly 
detect lipid peroxidation. MDA was quantified in 
nmol/mg protein as per Milinković-Tur et al.[20]. 

•	 Superoxide dismutase (SOD) activity was 
estimated in supernatant fractions using Zammel 
et al.'s approach (unit protein/mg protein)[21].

•	 Catalase (CAT) activity, use a molar extinction 
coefficient of 43.6x103 M-1 cm per unit protein 
(mg protein)[22].

•	 Reduced glutathione (GSH) estimation: activity 
of reduced GSH were expressed as mmole/mg 
protein using Ganesan et al.[23] technique.

Light microscopic studies
Histological study

Dissected cardiac muscle from the left ventricle apex 
was fixed in 10% formol saline, dehydrated, processed, 
and embedded in paraffin wax. To analyze the heart muscle 
architecture, 5 μm thick slices were stained with Hx&E 
and to identify collagen fibers the Mallory's Trichrome 
stain was done[24].

Immunohistochemical staining

Anti- Caspase-3 antibody (apoptotic marker): (Thermo 
Scientific, Fermont, California, USA; anticaspase-3 rabbit 
polyclonal antibody, dilution 1:200). The characteristics of 
the reaction were cytoplasmic and nuclear[25]. A Section of 
human tonsil was utilized as positive control.

Tumor necrosis factor-alpha (TNF-α) (index of 
inflammation): Primarily, a mouse anti-TNF-α antibody 
(Santa Cruz Biotechnology, California, USA, dilution 
1:100) was utilized as the monoclonal antibody. The site 
of the reaction was the cytoplasm[26]. The liver served as a 
positive control for TNF-α.

Vascular endothelial growth factor (VEGF) (an 
indicator of neovascularization): A primary antibody that 
targets VEGF and is monoclonal to mice was utilized 
(Thermo Scientific and Lab Vision Corporation, CA 
94539, USA, dilution 1:20). The pattern of cytoplasmic 
staining for VEGF was identified[27]. kidney was used as a 
positive control for VEGF.

Negative controls were generated using the same 
method; however, they did not contain the main antibody. 
Mayer's hematoxylin was used to counterstain all immune-
stained sections.

Transmission Electron Microscopy (TEM)

Thin slices (1x1mm) of left ventricle apex were cut and 
immediately fixed for 3 hours at 4°C in 3% glutaraldehyde 
buffer at PH 7.4, dehydrated, and fixed with 1% osmium 
tetroxide for 2 hours before embedding in epoxy resin. 
Uranyl acetate and lead citrate-stained copper grid-
produced ultrathin cardiac slices (70-90 nm). Using a 
JEM-1400 plus electron microscope, tissue ultrastructure 
was examined. TEM images were processed and analyzed 
by Alexandria University's Faculty of Science Electron 
Microscopy Unit[28].

Morphometric analysis

All quantitative data were acquired using Image 
J's Image analyzer program version K1.45. Ten non-
overlapping randomly selected fields from each slide of 
each group were quantified. The data were measured using 
H&E, Masson's Trichrome, and immunohistochemistry. 
These illustrated parameters were calculated for 
quantitative evaluation:

•	 The average area percentage of collagen fibers in 
sections stained with Masson's Trichrome (x 400). 

•	 Mean percentage of caspase 3 immuno-positive 
reaction in immuno-stained sections (× 400).

•	 Mean area percentage of TNF-α immune-positive 
reactivity in stained sections (×400).

•	 Mean area % of VEGF immuno-positive reaction 
in VEGF immuno-stained sections (× 400).



92

G-CSF VERSUS GALANGIN ON CARDIAC TOXICITY

Statistical analysis
The results for body weight (g), heart weight (g), 

biochemistry, and morphometry were provided as mean 
± standard deviation. The analysis of the data was carried 
out using SPSS version 20 (Chicago, Illinois, USA). 
For comparison between groups, a one-way ANOVA 
was utilized, subsequent to a least significant difference 
(LSD) post-hoc test. P-values < 0.05 were considered 
significant[29].

RESULTS                                                                                  

General observations
Control subgroups had identical general conditions, 

biochemical, histological, and immunohistochemical 
data, hence they were grouped together as control group 
(I).  Control animals (group I) were healthy, having typical 
nutritional consumption, activity, and development. 
The ISP-treated group (II) had lower weight, appetite, 
and physical activity. Throughout the experiment, many 
animals were ill and feeble, and three animals from this 
group have died. Compared to the ISP-treated group, 
animals given G-CSF (group III) or Galangin (group IV) 
with ISP had a normal appetite and were healthier than the 
ISP-treated animals.

Regarding Body weight

The ISP-treated group (II) exhibited a significantly 
reduced body weight (P<0.001) than the control group. 
There was no significant difference in body weight (p > 
0.05) between the control group (I) and Group III, which 
received ISP and G-CSF. Group IV treated with ISP and 
Galangin had a significantly less body weight (p<0.05) 
compared to the control group.  Compared to the ISP-treated 
group (group II), the Galangin-treated group (group IV) 
had a significant rise in body weight (p <0.05). The ISP and 
Galangin-treated group (IV) body weighted substantially 
less (p < 0.05) than the ISP and GCSF group (III). All these 
data were documented in (Table I, Histogram 1).

Regarding heart weight

The ISP-treated group (II) exhibited considerably 
increased heart weight (P<0.001) compared to the control 
group. While the heart weight of group III, which received 
ISP and G-CSF, did not differ substantially from the control 
group (p > 0.05). Group IV treated with ISP and Galangin 
had significantly greater heart weight (p<0.05) compared 
to the control group.  Compared to group II, animals in 
the ISP and G-CSF-treated group (III) had considerably 
lower heart weights (p<0.05). Rats treated with ISP plus 
Galangin (IV) had considerably lower heart weight (p > 
0.05) than group II treated with ISP alone. The ISP and 
Galangin-treated group (group IV) exhibited considerably 
increased heart weight (p < 0.05) compared to the ISP 
and GCSF group. All of these data have been recorded in 
(Table I, Histogram 2).

Biochemical results
Serum Cardiac Marker Enzymes

The ISP-treated group (II) had significantly greater 
serum enzyme levels (p<0.001) than the control group. 
The ISP and GCSF-treated rats (III) showed the same 
serum levels of cardiac enzymes as the control group (p 
> 0.05). Serum levels of CK-MB, cTnI, and LDH were 
considerably higher (p<0.05) in the ISP and Galangin-
treated group (IV) than the control. In group III, ISP plus 
GCSF treatment significantly reduced serum cardiac 
enzyme levels (p<0.05) compared to ISP-treated group II. 
Group IV received ISP-plus-Galangin showed a substantial 
decrease (P < 0.05) compared to group II. Serum levels of 
CK-MB, cTnI, and LDH showed significant increase (p < 
0.05) between ISP and Galangin (group IV) and ISP and 
GCSF (group III). All these data were recorded in (Table I, 
Histograms 3,4).

Lipid peroxidation and antioxidant enzymes

The ISP-treated group (group II) showed considerably 
greater plasma MDA levels (a measure of lipid 
peroxidation) than the control group (p<0.001). The ISP 
and GCSF-treated groups (III) showed no difference from 
the control group (p > 0.05). In contrast, rats treated with 
ISP and Galangin (group IV) showed a substantial increase 
(p< 0.05) compared to the control group. In comparison to 
the ISP and GCSF group (group III), the ISP and Galangin-
treated group (group IV) showed a substantial rise (p < 
0.05) in serum MDA levels. 

The ISP-treated group (II) had significantly lower 
plasma antioxidant enzyme levels (p<0.001) than the 
control group. The ISP and GCSF groups (group IV) 
showed no significant change from the control group (p > 
0.05). However, rats treated with ISP and Galangin (group 
IV) showed a substantial reduction (p<0.05) compared 
to the control group. Serum antioxidant enzyme levels 
were significantly higher (p<0.05) in group III treated 
with ISP plus G-CSF than in group II treated with ISP.  
However, group IV treated with ISP and Galangin showed 
no statistically significant increases (p > 0.05) in serum 
antioxidant levels as compared to group II. Compared to 
ISP and GCSF-treated group III, serum antioxidant enzyme 
levels in the ISP and Galangin-treated group (group IV) 
decreased significantly (p < 0.05). All these data were set 
in (Table 2, Histogram 5.

Light Microscopic (LM) and Morphometric Results
Hematoxylin and Eosin Stain

Group I (Control group): The myocardium of the left 
ventricular wall of the control animals exhibited normal 
histological architecture of the heart muscle in longitudinal 
sections. It had branching, interconnected striated muscle 
fibers with a delicate connective tissue endomysium 
including fibroblasts surrounding the cardiac muscle fibers. 
The striated muscle fibers had single centrally situated 
pale oval basophilic nucleus and acidophilic sarcoplasm. 
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Transverse striations and intercalated discs between 
cardiomyocytes were observed as well (Figure 1A).

Group II (ISP-treated group): This group's left 
ventricular wall myocardial sections demonstrated a 
lack of normal cardiac muscle fiber architecture. There 
were also certain areas of complete loss of some fibers, 
as well as darkly stained pyknotic nuclei. Additionally, 
the widening of the endomysium revealed extravasation 
and a significant hemorrhage (Figures 1 B1,B2,B3,B4). 
Significant vacuolation and cellular infiltration was also 
observed (Figures 1 B3,B5).  

Group III (ISP+ G-CSF): This group's left ventricular 
wall myocardial sections displayed a full restoration of the 
typical myocardial structure with centrally placed pale oval 
vesicular nuclei. The fibroblast nuclei were also shown to 
be flattened. Intercalated discs connect cardiomyocytes 
(Figure 1C).

Group IV (ISP+ Galangin): This group's left ventricle 
wall myocardial sections displayed a moderate restoration 
of the normal myocardial structure. However, some 
pyknotic nuclei, widened endomysium, vacuoles, and 
focal hemorrhagic areas have been identified (Figure 1D).

Mallory’s Trichrome Stain
Group I: Regarding Mallory Trichrome-stained sections 

of control rats' myocardium, the endomysium contained 
the least quantity of collagen fibers (Figure 2A).  

Group II (ISP-treated group): ISP-treated rats' 
myocardial sections revealed extensive collagen fiber 
deposits within the endomysium and the surrounding blood 
vessels (Figure 2B). When contrasted with the control 
group, the mean area percentage of collagen fibers in this 
group's sections revealed a significant rise (P < 0.001). 
(Figure 2 H6, Table 3). 

Group III (ISP + G-CSF group): This group's 
myocardial sections indicated a low concentration of 
collagen fibers within the endomysium and surrounding 
blood vessels (Figure 2C). The mean area percentage of 
collagen fibers was not statistically differed comparable 
from the control (P>0.05), but significantly lower than the 
ISP-treated group (p<0.001) (Figure 2 H6, Table 3). Group 
IV (ISP + Galangin): Rats demonstrated a little increase 
in collagen in their endomysium in myocardial sections 
(Figure 2D). The mean area percentage of collagen fibers 
was substantially lower (P < 0.05) than in rats receiving 
ISP (group II), but significantly greater (P < 0.05) than in 
those who were administered with Isoprotrenol + G-CSF 
(III) (Figure 2 H6, Table 3). 

Immunohistochemical study
Caspase-3

Group I (control): Caspase-3 immunohistochemistry 
staining of this group's rats' myocardium revealed a 
negative sarcoplasmic immune response (Figure 3A). 

Group II (ISP -treated rats): The group demonstrated 
a marked positive sarcoplasmic immunoreaction                           

(Figure 3B). This group had a considerably greater mean 
area percentage of caspase-3 positive immunoreaction 
(p<0.001) than the control group. (Figure 3 H7, Table 3). 
Group III (ISP + G-CSF): This group of rats' myocardia 
was immunohistochemically stained for Caspase-3, which 
demonstrated a minor sarcoplasmic response (Figure 
3C), with no statistically significant alteration (P>0.05) 
contrasted with the control group, but a significant decline 
in area% (p<0.001) when compared to the ISP-administered 
group. (Figure 3 H7, Table 3). 

Group IV (ISP + Galangin): In this group of rats, 
Caspase-3 immunohistochemical labeling of the 
myocardium showed notable sarcoplasmic immunological 
reactivity (Figure 3D), with a substantial (P < 0.05) 
increase in mean area% relative to the control. In relation to 
the ISP and GCSF-treated groups, there was a statistically 
significant increase (P < 0.05). (Figures 3 H7, Table 3).

Tumor necrosis factor (TNF-α)
Group I (control): TNF-α Immunohistochemical 

staining of the myocardium of rats in this group revealed 
negative immunological expression (Figure 4A). 

Group II (ISP)-treated): Rat myocardium exhibited 
a robust positive nuclear immunological response when 
stained with TNF-α (Figure 4B).  Compared to the control 
group, the mean area% increased significantly (P < 0.001) 
(Figures 4H8, Table 3). 

Group III (ISP + G-CSF): Myocardial sections from 
this group exhibited mildly positive immunological 
expression (Figure 4C). The area percentage of TNF-α in 
G-CSF and ISP treated groups indicated no statistically 
significant distinction (P > 0.05) from the control, but a 
substantial decline (P < 0.001) in relation to the ISP treated 
group. (Figures 4H8, Table 3). Group IV (ISP + Galangin): 
Myocardial sections from this group exhibited somewhat 
high immune expression (Figure 4D). ISP and Galangin 
administration substantially raised TNF-α area% (P < 0.05) 
in contrast to the control group. The ISP and Galangin-
treated groups significantly increased the area percentage 
of TNF-α immunostaining (P < 0.05) relative to the ISP 
and GCSF-treated groups. (Figures 4H8, Table 3).
Vascular endothelial growth factor (VEGF)

Group I: Immunohistochemical stain for vascular 
endothelial growth factor (VEGF) demonstrating limited 
positive cytoplasmic immunoreaction in endothelial cells 
lining the blood vessels (Figure 5A). 

Group II (ISP-treated): This group's cardiac sections 
exhibited a high positive cytoplasmic immunoreaction 
within blood vessel-lining endothelial cells (Figure 
5B). The VEGF immunohistochemistry stain showed 
a substantially higher mean area percentage of VEGF 
(P<0.001) relative to the control (Figure 5H9, Table 3). 

Group III (ISP + G-CSF): The immunohistochemical 
stain for VEGF revealed a slight positive cytoplasmic 
immunoreaction (Figure 5C) with a lack of significance 
(P>0.05) with regard to the control. (Figures 5H9, Table 3). 
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Group VI (ISP + Galangin): The VEGF 
immunohistochemistry labeling demonstrated a relatively 
high cytoplasmic immunoreaction (Figure 5D), which was 
significantly greater than in the control and ISP +G-CSF 
groups (P < 0.05), but greatly reduced (P < 0.05) when 
compared to the ISP group. (Figures 5H9, Table 3).

Transmission Electron Microscopic Results
Control group (1):  The myocardium of the control group 

from the left ventricle wall revealed that the cardiomyocyte 
had an euchromatic central nucleus and was packed with 
well-organized parallel myofibrils, and numerous normal 
mitochondria placed between them and in the perinuclear 
region (Figure 6). The Z-line bisected the light I bands, 
while the H-zone bisected the dark A bands, revealing rows 
of mitochondria between them (Figure 7). Nevertheless, a 
regular intercalated disk was seen (Figure 8).

Group II (ISP-treated group): The myocardium of this 
group had an irregularly indented nucleus with peripherally 
condensed marginated chromatin, swollen mitochondria, 
and a disturbance in the banding pattern of the myofibrils 
(Figure 9). In addition, fragmentation, and disruption of 
the banding pattern of myofibrils were detected (Figure 
10). There was severe disorder and loss of the typical 
myofibril arrangement with the existence of disturbed 

areas (Figures 11,12), whereas others had complete lysis 
(Figure 12). Many vacuoles were also, seen (Figure 
11). Numerous mitochondrial damages were observed                                      
(Figures 9,10, 11). Furthermore, many glycogen granules 
were seen in between the deteriorated myofibrils (Figure 
12). T-tubule dilatation was observed, as well as a region 
with broken Z-lines (Figure 13). The intercalated disc, on 
the other hand, featured areas of deformation and extreme 
disorder (Figures 11,14).

Group III (ISP+ G-CSF treated group): This group's 
cardiomyocytes had an euchromatic nucleus (Figure 15), 
nearly consistently distributed myofibrils with rows of 
mitochondria in between more or less as in control group 
(Figures 15,16), and dark A and light I bands alternating 
on their myofibrils. This group's myocardium also had 
a generally normal T-tubule (Figure 16) and an intact 
intercalated disc (Figure 17).

Group IV (Isoproterenol + Galangin) treated group: 
This group's cardiomyocytes had an irregularly indented 
nucleus with peripherally condensed chromatin and nearly 
regularly distributed myofibrils, but there were still areas of 
myofibril and Z-line degeneration. Furthermore, numerous 
mitochondria were found encircling the myofibrils and 
in the perinuclear area. (Figure 18). There was also an 
intercalated disk with deformed areas (Figure 19).
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Fig. 1: A photomicrograph of a longitudinal section of the myocardium (A) Group I: exhibiting branching cardiac muscle fibers with centrally placed oval 
nuclei (N) and acidophilic sarcoplasm. There are Intercalated discs (yellow arrows) and connective tissue endomysium (black arrows), containing fibroblast 
with flattened nuclei (curved arrow). (B1) Group II (ISP treated group) demonstrating loss of normal cardiac muscle fiber architecture with wide areas of 
complete loss of cardiac fibers (black arrows) with darkly stained pyknotic nuclei of cardiomyocytes (N). Extravasated RBCS (green arrow) is also seen.  
(B2) Group II (ISP treated group) demonstrating extensive hemorrhage (arrows) within widened endomysium. (B3) Group II (ISP treated group) exhibiting 
fragmented, degraded muscle fibers with darkly stained nuclei (N) and vacuolated areas (V) and hemorrhagic spots between muscle fibers (arrow). (B4) Group 
II (ISP treated group) reveals areas with complete loss of muscle fibers (arrows) and darkly stained pyknotic nuclei (N). A congested blood vessel is also visible 
(star). (B5) Group II (ISP treated group) showing disfigured muscle fibers with localized areas of complete muscle fiber loss (star).  Cellular invasion is evident 
(arrow). (C) Group III (ISP + G-CSF group): demonstrating almost normal cardiac muscle fibers with centrally placed pale oval nuclei (N). Intercalated discs 
(yellow arrow) link cardiomyocytes. Flattened fibroblast nuclei are also visible (curved arrow). (D) Group IV (ISP + Galangin group): demonstrating relatively 
normal cardiac muscle fibers with centrally placed pale, and vesicular nuclei (N). The endomysium has been expanded (arrows). There are vacuoles (V) and 
hemorrhagic spots (arrowhead). (Hx& E × 400)
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Fig. 2: A photomicrograph of a longitudinal section of the myocardium A) Group I: demonstrating minimal amount of collagen fiber distribution within 
endomysium (arrows). B) Group II demonstrating extensive collagen fiber deposition within endomysium (arrows). C) (ISP + G-CSF group): demonstrating 
presence of a few collagen fibers within the endomysium (arrows). D) (ISP + Galangin group): demonstrating a moderate amount of collagen fibers in the 
endomysium (arrows).     (M.T. × 200) (H6) A histogram displaying the mean area percentage of collagen fibers.



97

El-Haroun et. al.,

Fig. 3: A photomicrograph of a longitudinal section of the myocardium: (A) Group I: demonstrating negative sarcoplasmic immune expression. (B) Group II 
(ISP group): displaying a strong positive sarcoplasmic immunological reactivity (arrows). (C) Group III (ISP + G-CSF group): demonstrating mild positive 
sarcoplasmic immune expression (arrows). (D) Group IV (ISP + Galangin group): demonstrating moderate positive sarcoplasmic immune expression(arrows). 
(Caspase-3 × 200) (H7) A histogram illustrating the mean area percentage of Caspase-3 immunostaining.
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Fig. 4: A longitudinal section of the myocardium (A) Group I: displaying negative immune expression for TNF-α. (B) Group II (ISP group) revealing a strong 
positive nuclear immunological reactivity (arrows) for TNF-α. (C) Group III (ISP + G-CSF group): demonstrating mild positive nuclear immune expression 
(arrows). (D) Group IV (ISP + Galangin group): demonstrating moderate positive nuclear immune expression (arrows). (TNF-α × 200) (H8) Histogram 
illustrating the mean area percentage of TNF-α immune expression.



99

El-Haroun et. al.,

Fig. 5: A longitudinal section of the myocardium (A) (Control group) revealing a minimal positive cytoplasmic immunoreaction for VEGF in endothelial cells 
lining blood vessels. (B) Group II (ISP group): demonstrating a strong positive immunoreaction for (VEGF). (C) Group III (ISP + G-CSF group): exhibiting 
slight positive VEGF immunoreactivity (arrows). (D) Group IV (ISP + Galangin group): showing moderate positive VEGF immunoreaction (arrows). (Anti-
VEGF immunostaining x 200) (H9) A histogram illustrating the mean area percentage of VEGF immunoreaction.
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Fig. 6: An electron photomicrograph of a cardiomyocyte from the control 
group with euchromatic nucleus (N) surrounded by normal myofibrils 
(F). Mitochondria (M) are found between the myofibrils and around the 
nucleus. (TEM × 5000)

Fig. 7:  An electron photomicrograph from the control group (group I) 
cardiomyocyte reveals parallel rays of regularly distributed myofibrils 
with alternating light I bands (I) bisected by the Z-line (Z) and dark A 
bands (A) bisected by the H-zone. Mitochondria (M) are seen. (TEM × 
15000)

Fig. 8: An electron photomicrograph of two cardiomyocytes from control 
rats, separated by an apparently normal intercalated disc (arrow). (TEM 
× 20000)

Fig. 9: An electron photomicrograph of a cardiomyocyte in Isoprotrenol-
treated group (II) reveals an irregularly indented nucleus (N) with 
peripherally condensed marginated chromatin. Swollen mitochondria (M) 
and disruptions in the banding pattern of myofibrils (F) are also observed. 
(TEM × 8000)



101

El-Haroun et. al.,

Fig. 10: An electron photomicrograph of a cardiomyocyte from the 
Isoprotrenol-treated group (II) shows fragmentation and disruption of 
the myofibril banding pattern (F), as well as mitochondrial damage (M). 
(TEM × 8000)

Fig. 11: An electron photomicrograph of a cardiomyocyte from the 
Isoprotrenol-treated group (group II) shows disruption of the usual 
myofibril pattern as well as degeneration (F). There are vacuoles (V), 
a deformed intercalated disc (arrow), and damaged mitochondria (M). 
(TEM×8000)

Fig. 12: An electron photomicrograph of the Isoprotrenol-treated 
cardiomyocyte (group II) shows a loss of normal myofibril pattern and 
arrangement, with some myofibrils having degenerated patches (F) 
and others exhibiting full lysis(S). The mitochondria are damaged (M), 
resulting in the formation of a central vacuole(V). Notice the abundance 
of glycogen granules (arrows) between the degraded myofibrils. (TEM 
× 8000)

Fig. 13: An electron photomicrograph of the Isoprotrenol-treated 
cardiomyocyte (group II) shows degraded myofibrils (F), T-tubule 
dilatation (arrow), and an interrupted Z-line patch. (TEM × 15000)
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Fig. 14: An electron photomicrograph of Isoprotrenol-treated 
cardiomyocyte (group II) shows significant disruption of the intercalated 
disc (arrow) and extensive myofibril degeneration (F). (TEM × 20000)

Fig. 15: An electron photomicrograph of a cardiomyocyte from the 
Isoprotrenol and GCSF-treated group (III) displays a euchromatic nucleus 
(N), nearly regularly arranged myofibrils (F), and dark A (A) and bright I 
(I) bands. I bands appear to be divided by Z lines (Z). Moreover, a row of 
mitochondria (M). (TEM × 8000)

Fig. 16: An electron photomicrograph of a cardiomyocyte treated with 
Isoprotrenol and GCSF (III) reveals rows of myofibrils (F) separated 
by rows of mitochondria. Z-lines (Z) are clearly apparent. Examine the 
T-tubule in its usual form (arrow). (TEM × 15000)

Fig. 17: An electron photomicrograph of a cardiomyocyte from the 
Isoprotrenol and GCSF-treated group displaying an intact intercalated 
disc (arrow). (TEM × 20000)
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Fig. 18: An electron photomicrograph of a cardiomyocyte treated with 
Isoprotrenol and Galangin (IV) shows an irregularly indented nucleus with 
peripherally condensed chromatin (N) and nearly regularly distributed 
myofibrils (F); there are areas of degeneration in myofibrils and Z-lines 
(arrows). Mitochondria (M) in the perinuclear region and surrounding 
myofibrils. (TEM × 8000)

Fig. 19: An electron photomicrograph of a cardiomyocyte from the 
Isoprotrenol and Galangin-treated group (IV) reveals an intercalated disc 
with distorted patches (arrows). (TEM × 20000)

Table 1:The statistical means (X) and standard deviations (SD) of the different experimental groups’ body weight (gm),heart weight (gm) andCardiac Serum 
Marker Enzymes.

Parameters
means (X) and standard deviations (SD) P value

Group I Group II Group III Group IV

Body weight 195.33±2.4 172.35±1.3 189.14±11.2 180.83±6.6

P1=0.0001
P2=0.21
P3=0.001
P4=0.005
P5=0.01
P6 =0.12

Ht weight 0.730 ± 0.03 0.967 ±0.08 0.800±0.03 0.876 ± 0.04

P1=0.0001
P2=0.06

P3=0.0001
P4= 0.001
P5 = 0.003
P6 =0.078

CTn (ng/ml) 0.55±0.07 2.35±0.56 0.80±0.27 1.52±0.7

P1=0.000
P2=0.060
P3=0.005
P4=0.0001
P5= 0.04
P6=0.03

CK-MB(U/L) 70.69±2.96 141.79± 3.97 77.054± 5.86 86.64± 4.11

P1=0.0001
P2=0.62
P3=0.001
P4= 0.001
P5=0.001
P6 =0.02

LDH(U/L) 150.082±0.62 230.07± 29.6 163.320± 14.78 182.17± 13.76

P1=0.0001
P2=0.053
P3=0.0002
P4= 0.001
P5= 0.01
P6 =0.045

P value>0.05: non-significant.           P value<0.05: significant.                                P value<0.001: highly significant
P1= comparisonwas done between ISP treated group (group IV) and control group (group I).
P2= comparisonwas done between ISP and G-CSF treated group (group V) and control group (group I).
 P3= comparisonwas done between ISP and Galangin treated group (group VI) and control group (group I).
P4= comparisonwas done between ISP and G-CSF treated group (group V) and ISP treated group (group IV).
P5= comparisonwas done between ISP and Galangin treated group (group VI) and ISP treated group (group IV).
P6= comparisonwas done between and ISP and GCSF treated group (group V)and ISP and Galangin treated group (group VI).
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Table 2: Statistical Comparison between different studied groups as regardslipid peroxidation enzyme (MDA) and antioxidant enzymes 
(glutathione, SOD and CAT).

Parameters
means (X) and standard deviations (SD) P value

Group I Group II Group III Group IV

MDA (n mol/mg ptn) 41.75±1.53 134.86 ±11.8 53.07±13.1 73.42 ± 11.7

P1=0.0001
P2=0.06
P3=0.001
P4=0.002
P5=0.001
P6=0.018

Glutathione (Mmol/mg ptn) 10.53±0.39 6.88±1.8 9.91±0.6 8.78±1.01

P1=0.0006
P2=0.08
P3=0.003
P4=0.0004
P5=0.042
P6=0.047

SOD (U/mg ptn) 6.63±0.25 3.78±1.4 6.08±0.91 5.17± 0.36

P1=0.0008
P2=0.17
P3=0.003
P4=0.008
P5=0.046
P6=0.046

CAT (U/mg ptn) 14.68±0.32 7.65±3.03 14.033±0.97 11.45±2.22

P1=0.0002
P2=0.14
P3=0.005
P4=0.001
P5=0.03
P6=0.026

P value>0.05: non-significant.                   P value<0.05: significant.                                 P value<0.001: highly significant
P1= comparisonwas done between ISP treated group (group IV) and control group (group I).
P2= comparisonwas done between ISP and G-CSF treated group (group V) and control group (group I).
P3= comparisonwas done between ISP and Galangin treated group (group VI) and control group (group I).
P4= comparisonwas done between ISP and G-CSF treated group (group V) and ISP treated group (group IV).
P5= comparisonwas done between ISP and Galangin treated group (group VI) and ISP treated group (group IV).
P6= comparisonwas done between and ISP and GCSF treated group (group V)and ISP and Galangin treated group (group VI).
Table 3: Statistical means and standard deviations of area percentageof collagen fibers and TNF-α (±SD), VEGF and Caspase-3 (±SD) in all studied groups.

Parameters
means (X) and standard deviations (SD) P value

Group I Group II Group III Group IV

 Mean area % of collagen fibers 2.44 ± 0.16 8.17±2.31 3.21± 0.9 4.96 ± 1.52

P1=0.0001
P2=0.07

P4= 0.0006
P3=0.002
P5= 0.02
P6=0.04

Mean area % of TNF-α 0.93 ± 0.05 7.02 ± 1.23 1.46± 0.61 2.56± 0.8

P1=0.0001
P2=0.06
P3=0.001

P4= 0.0004
P5= 0.002
P6=0.024

Mean area % of VEGF immunostaining 1.10± 0.48 10.93± 0.94 2.83± 1.6 5.13±1.24

P1=0.0001
P2=0.051
P3=0.001
P4= 0.001
P5= 0.003
P6=0.035

Mean area% of Caspase-3 immunostaining 0.170±0.19 8.99± 0.57 1.19± 1.1 4.37±2.36

P1=0.0001
P2=0.08
P3=0.004
P4= 0.001
P5= 0.003
P6=0.03

P value>0.05: non-significant.                                P value<0.05: significant.                               P value<0.001: highly significant
P1= comparisonwas done between ISP treated group (group IV) and control group (group I).
P2= comparisonwas done between ISP and G-CSF treated group (group V) and control group (group I).
 P3= comparisonwas done between ISP and Galangin treated group (group VI) and control group (group I).
P4= comparisonwas done between ISP and G-CSF treated group (group V) and ISP treated group (group IV).
P5= comparisonwas done between ISP and Galangin treated group (group VI) and ISP treated group (group IV).
P6= comparisonwas done between and ISP and GCSF treated group (group V)and ISP and Galangin treated group (group VI).
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Histogram 1: illustrates mean body weight in grams

Histogram 2: illustrates mean heart weight in grams

Histogram 3: illustrates mean cardiac troponin level (ng/ml)

Histogram 4: illustrates mean creatine kinase -MB (CK-MB) (U/L), and 
lactate dehydrogenase (LDH)(U/L) levels

Histogram 5: illustrates mean Malondialdehyde (MDA) (nmol/mg), 
Reduced glutathione (GSH) (mmol/mg protein), Superoxide dismutase 
(SOD) (U/mg protein), and Catalase (CAT) (U/mg protein) levels

DISCUSSION                                                                                      

A myocardial infarction (MI), frequently referred to as a 
heart attack, is a serious clinical disease characterized by an 
insufficient blood supply to the myocardium. Myocardial 
infarction causes myocardial injury or necrosis[2]. ISP-
induced myocardial ischemia is a straightforward, cost-
effective, non-invasive, and time-saving MI model that 
involves minimal surgery and preserves the pericardium. 
ISP administration often causes cardiac dysfunction and 
left ventricular dilatation like the extensively infarcted 
heart[16].

Isoproterenol and G-CSF or galangin were investigated 
for cardiac function improvement. Stem cell treatment may 
mend the heart. By improving heart function and avoiding 
ventricular remodeling, stem cell transplantation improves 
CIHD patients' prognosis. G-CSF-mediated mobilization 
of bone marrow-derived progenitor cells provides a less 
intrusive method to tissue repair[30].

In the current study, the group which received ISP had 
lost body weight and gained heart weight. Jain et al.[31] 

discovered that increasing water content, congestion, 
swollen intramuscular space, extensive cardiac muscle 
necrosis subsequent to inflammatory cellular infiltration of 
the injured tissue, and protein content may all raise heart 
weight, whereas decreasing food intake could reduce body 
weight. Cardiovascular troponin (cTn I), creatine kinase 
MB isoenzyme (CK-MB), and lactate dehydrogenase 
(LDH) are established MI markers. The mean serum levels 
of CK-MB, cTn I, and LDH increased significantly in 
our study with rats treated with ISP than normal rats. Our 
results had similarities with prior investigations[4,32], which 
reported that ISP-treated rats had considerably greater 
serum LDH and cTnI levels than controls. According to 
Jain et al.[31], ISP's cardiotoxic effects cause myocardial 
necrosis, causing necrotic myocytes to leak cardiac 
enzymes into the circulation. This refers to the main 
cause of elevated levels after cell membrane rupture. An 
enhanced cell membrane permeability, DNA alterations, 
and cell death from lipid peroxidation can cause aging, 
sickness, and other impairments[33,34].
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Several disorders, including MI, depend on lipid 
peroxidation. In this work, ISP therapy significantly 
increased plasma MDA levels, indicating lipid peroxidation 
and oxidative stress. In addition, this group lowered GSH, 
SOD, and CAT, the enzymes that best protect against free 
radical-induced oxidative stress. Galal et al.[35] reported that 
ISP-treated tissue had greater MDA levels than the control 
group, while Dianita et al.[36] found that isoproterenol 
decreased GPx, CAT, and SOD levels. Isoproterenol 
(ISP) causes cardiotoxicity by increasing oxidative stress 
in cardiac tissue, which depletes antioxidant enzymes, 
according to Allawadhi et al.[37], ISP depletes oxygen, 
causing cardiac hypoxia and necrosis. Increasing lipid 
peroxidation causes cellular permeability and cardiac 
enlargement.

ISP generates cytotoxic free radicals and reactive 
oxygen species. This process upsets the delicate state 
of equilibrium of free radicals and antioxidant defense 
mechanisms, like human myocardial infarction (MI)[38]. 
Ahmed et al.[6] informed that ISP-induced Ca2+ influx is a 
major cause of cardiac dysfunction and myocardial injury.

This study found cardiac muscle architecture 
degradation in light microscopic sections of the ISP-treated 
group's left ventricular myocardium. Wavy appearance 
of cardiac fibers with areas of complete loss, and dark 
pyknotic nuclei are noticed. Expansion of the endomysium 
caused extravasation and severe bleeding. Acidophilic 
exudate, vacuolation, and cellular invasion were seen. 
Shukla et al.[16] and Jain et al.[31] found deteriorated 
myocardium, nuclear pyknosis, edema, vacuole formation, 
inflammation, and muscle fibrosis in ISP-treated patients. 
These were explained as isoproterenol enhanced ROS 
generation, affecting cellular activity and inducing rat heart 
necrosis. Damaged areas produce superoxide radicals from 
isoproterenol[39]. ISP-induced injury to the myocardium 
was caused by elevated heart rate (HR), and infarct size 
according to Nwokocha et al.[40].

Mallory’s trichrome-stained myocardial slices from 
rats treated with ISP exhibited increased endomysium and 
blood vessel collagen. In contrast to the control group, 
the ISP group displayed a high mean collagen fiber area. 
ISP-treated rodents had increased left atrial fibrosis. 
corroborating Ma et al.[41]. Yang et al.[42] linked ISP to 
increased cardiac tissue collagen types I and III expression 
and α-SMA synthesis. Myofibroblasts, which express 
contractile proteins including α-SMA, are transformed 
from cardiac fibroblasts. Cardiac fibrosis was worsened 
by ISP treatment, which increased hydroxyproline, matrix 
metalloproteinases 2 and 9, and collagen-I protein more 
than the control[43].

ISP-treated rats had higher myocardial Caspase-3 
immunoreactivity and mean area percentage than controls. 
This mirrored previous investigations[44,45]. ISP alone 
upregulated cardiac tissue caspase-3, the main apoptotic 
protein[46]. Oxidative stress destabilizes mitochondria and 
lysosomes, strains the endoplasmic reticulum, activates 

pro caspases, releases pro-apoptotic chemicals into the 
cytoplasm, and promotes cardiac cell death, causing heart 
failure[4].

The ISP-treated group showed a strong nuclear response 
to TNF-α through immunohistochemistry labeling. A 
considerable increase in ISP-treated rats contrasted with 
control group, which was validated morphometrically, 
indicating severe inflammation. Previous research[47] 
found increased TNF-α immune-expression in the 
ischemia group, affecting monocyte activation, cytokine 
release, remodeling and fibrosis via TNFR1. TNF-a 
may cause sepsis and heart damage. When TNF-a starts 
the inflammatory cascade, vascular endothelial cells' 
cytokines, chemokines, and adhesion molecules boost 
neutrophil adherence[48].

The ISP-treated group had higher VEGF cytoplasmic 
immunoreaction than controls that was validated 
morphometrically by a highly significant increase in its 
mean area percentage in relation to control animals. This 
was supported by Zaitone and Abo-Gresha[49], who showed 
higher VEGF levels and immunostaining in isoproterenol-
treated rats' cardiac tissues. Ischemic diseases may 
benefit from angiogenesis. Angiogenesis compensates 
for ischemic tissues by sustaining cardiac blood flow[50].  
Hypoxia provokes the release of growth factors such as 
VEGF, which promotes emerging and capillary expansion 
within ischemic tissues. This adapts vascular density to 
growth and physiological oxygen demand[51].

The ISP-treated rats' heart muscle electron microscopy 
exhibited an irregularly indented nucleus, peripherally 
condensed marginated chromatin, damaged swollen 
mitochondria with central vacuole, and myofibril 
banding disruption. Full lysis and a large perinuclear 
sarcoplasmic gap between myofibrils and nuclei. Broken 
Z-lines and tubule dilatation were also, found. The 
intercalated disk was poorly structured. These results were 
coincided with Huwait[52] who found altered sarcomere 
broken myocardium, and damaged mitochondria, heart 
mitochondrial hypertrophy, or uneven shape. Isoproterenol-
treated myocytes showed ultrastructural damage with 
myofibril loss, minimal mitochondrial enlargement, and 
condensed nucleus chromatin, as did Sharma et al.[53]. 
Isoproterenol inhibiting AMPK may cause ER stress, 
cardiac cell damage, BNP release, apoptosis, and heart 
failure[54]. G-CSF treatment for myocardial infarction and 
ischemic heart disease is less intrusive and better[10]. 

The average serum levels of cTnI, CK-MB, and LDH 
were calculated. Unlike the ISP-treated group, the ISP and 
GCSF-treated group exhibited considerably lower serum 
cardiac enzyme levels. Abdelrahman et al.[10] discovered 
that GCSF dramatically lowered AST, LDH, and CK-MB. 
Ren et al.[55] found significant LDH reduction after G-CSF 
injection. 

The ISP and GCSF treatment group indicated 
substantially decreased plasma MDA concentrations than 
the ISP group, but increased serum glutathione, SOD, 



107

El-Haroun et. al.,

and catalase levels and activity. Hou et al.[56] discovered 
that G-CSF dramatically reduced MDA and raised GSH 
in heart, kidney, and liver tissues. Abdel Mohsen et al.[57] 

found that G-CSF reduced MDA and lipid peroxidation 
improved myelin regeneration in spinal cord and brain 
injuries. G-CSF's antioxidant activity reduced ROS 
generation, mitochondrial membrane potential changes, 
and edema from cisplatin-induced cerebellar injury.

The isoproterenol and G-CSF groups' left ventricular 
wall myocardial light microscopic sections showed almost 
complete restoration of the usual structure with centrally 
located, pale oval vesicular nuclei. Flattened fibroblast 
nuclei, intercalated discs connect cardiomyocytes were 
found. In ischemic rats, GCSF enhanced myocardial 
regeneration, according to Hassan et al.[58]. G-CSF reduces 
myocardial cell death and increases local angiogenesis 
in ischemic areas to enhance left ventricular systolic 
performance, damage, and perfusion[55].

Mallory’s trichrome-stained sections of rats treated 
with ISP and GCSF exhibited significant cardiac collagen 
fiber area reduction. Liu et al.[59] observed G-CSF reduces 
myocardial fibrosis. Li et al.[60] found reduced fibrosis 
in G-CSF and vildagliptin-treated rats. G-CSF activates 
MMP-2 and MMP-9. El-Haroun et al.[9] found that G-CSF 
inhibits TGF-β1 expression and produces anti-fibrogenic 
cytokines, leading to decreased collagen deposition. 
G-CSF lowered TGF-b1 and IL-6 mRNA levels. 

Caspase-3 immunohistochemistry in GCSF and 
isoproterenol rats' myocardium showed a moderate 
sarcoplasmic immunological response. Taşkıran et al.[61] 

found reduced caspase-3 immuno-expression in GCSF 
and Doxorubicin groups in their study. These findings may 
be attributable to G-CSF's anti-inflammatory and anti-
apoptotic properties[62]. G-CSF protects oligodendrocytes 
from spinal cord injury-induced cell death by reducing 
inflammatory cytokines and increasing anti-apoptotic 
protein[63]. Park et al.[64] observed that G-CSF reduces 
cardiomyocyte apoptosis and improves cardiac function in 
diabetic cardiomyopathy. ER stress-induced death factors 
like caspase-9 and caspase-12 were decreased by G-CSF.

This study found a significant decrease in TNF-α 
area % in myocardial sections of GCSF and ISP-treated 
groups. Kadota et al.[63] reported that GCSF decreases pro-
inflammatory cytokine (IL-1 beta and TNF-α) expression 
at mRNA and protein levels.

VEGF immunohistochemistry showed slight positive 
cytoplasmic staining with myocardial sections of GCSF and 
ISP treated rats similar to that of control group. This was 
confirmed morphometrically with no statistical difference 
to control group. G-CSF induces cardiac expression of 
angiogenic factors in vitro and in vivo. This may promote 
angiogenesis and protect against endothelial apoptosis by 
producing angiogenic factors, preventing cardiomyocyte 
cell death and cardiac remodeling after myocardial 
infarction and increase myelomonocytic cells[65,66]. 

Ultrastructural analysis of G-CSF-treated 
cardiomyocytes showed the euchromatic nucleus, 
homogeneous myofibrils with normal mitochondrial 
arrangement, and dark A and light I bands alternation. 
Myocardium contained normal T-tubules and intact 
intercalated discs. G-CSF's anti-fibrotic and anti-apoptotic 
activities enhanced most cardiac muscle fiber ultrastructure, 
according to Abdelrahman et al.[10].

G-CSF reduces myocardial mitochondrial swelling, 
membrane potential, and ROS. G-CSF may protect cardiac 
mitochondria from oxidative stress[67]. Previous studies 
have shown G-CSF's therapeutic effects on the liver, 
kidney, spinal cord, brain lesions, and irradiated salivary 
glands[62,68]. D'Amario et al.[69] found that G-CSF caused 
bone marrow cells to form cardiomyocytes in infarcted 
mouse hearts. G-CSF mobilization reduces infarctions, 
improves blood circulation, protects myocardium, and 
delays ventricular remodeling. G-CSF reduced collagen 
deposition by generating anti-fibrogenic cytokines and 
lowering TGF-1 expression, as did El-Haroun et al.[9]. 
These findings highlight the necessity to balance G-CSF's 
anti-angiogenic, anti-fibrosis, immunosuppressive, and 
anti-apoptotic properties with its atherosclerotic and 
inflammation-causing adverse effects[17].

This trial showed that Galangin and ISP benefited 
heart tissue, but not enough. Co-administration of ISP and 
Galangin reduced cardiac troponin (c Tn I), CK-MB, and 
LDH significantly in comparison to the ISP-treated group 
as Thangaiyan et al.[14] confirmed. MDA plasma levels 
were significantly lower in ISP and Galangin groups. 
Ravichandra et al.[70] found that Galangin treatment may 
slightly lower MDA levels by reducing lipid peroxidation.

ISP and Galangin treated animals had dramatically 
reduced glutathione, SOD, and catalase levels and activity. 
In agreement with this result, other researchers[14] revealed 
that Galangin treatment significantly reduced ISP-induced 
loss of enzymatic antioxidants (CAT, SOD and GPx) in 
rat RBCs and heart tissue. This cardioprotection property 
of Galangin might be due to its antioxidant property. GA 
has several structural motifs which are responsible for 
its antioxidant potential such as C-2-C-3 double bond 
and a C-3 hydroxyl bond. Moreover, GA has the ability 
to scavenge free radicals like superoxide and singlet 
oxygen[14].

Left ventricular wall myocardial sections of ISP and 
galangin treated group normalized relatively. However, 
Pyknotic nuclei, expanded endomysium, vacuoles, and 
hemorrhagic areas were identified. This was supported 
by Abukhalil et al.[71] who stated that galangin corrected 
histological abnormalities in most cardiac fibers with 
mild degeneration in diabetic rats. Galangin established 
its cardioprotective action in rats by lowering infiltration 
of inflammatory cells and maintaining the structure of the 
heart muscle fibers[72].

In cardiac sections of rats treated with galangin and 
ISP, endomysium collagen increased somewhat. Through 
enhanced TGF-1 expression, Thangaiyan et al.[14] found that 
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GA inhibited ISP-induced interstitial collagen synthesis in 
the heart using Masson's trichrome staining.

A modest sarcoplasmic immunological response 
was seen in rats' myocardium when Caspase-3 was 
immunostained. Yu et al.[72] found that galangin treatment 
reduced apoptosis by increasing Bcl2 and decreasing Bax. 
In diabetic rats, galangin lowers Bax and Caspase-3 and 
enhances cardiac Bcl-2[71].

TNF-α and Vascular endothelial growth factor 
(VEGF) immunohistochemistry for rats' myocardium 
of ISP and Galangin treated group showed a significant 
moderate positive nuclear and cytoplasmic immunological 
expression. TNF-α levels were significantly reduced after 
GA pretreatment[14]. Galangin dose-dependently reduced 
angiogenesis by downregulating VEGF[73]. Furthermore, 
the anti-inflammatory properties of Galangin supported 
by reductions in heart and systemic TNF- α and IL-6 
concentrations, may augment its favorable effects on the 
heart[11].

Electron microscopy showed irregularly indented 
nuclei with peripherally condensed chromatin and 
almost regularly dispersed myofibrils in this group's 
cardiomyocytes, but Z-line degeneration persisted. 
Rows of mitochondria surrounded myofibrils as well as 
perinuclei and warped intercalated discs existed. Tomar                                                        
et al.[74] found that Galangin treatment with cisplatin caused 
less nucleus deformation and fewer vacuoles. Galangin 
decreases oxidative stress, preserves cell membranes, 
and improves heart systolic/diastolic dysfunction. It also, 
decreased systemic and tissue oxidative stress and boosted 
antioxidant activity, while lower doses had no effect[75].

Concluding our investigation, the efficacy of the 
myocardium protection offered by the combination of 
G-CSF and isoproterenol was more effective than that of 
Galangin. Despite this, Galangin maintained its efficacy. 
G-CSF is a highly potent medication that safeguards the 
heart against any potential damage that could affect it. We 
advocate clearly for further investigation into the potential 
applications of Galangin and G-CSF in the treatment of a 
broad variety of pathological conditions.

Based on this evaluation, the following 
recommendations are crucial. More research is needed to 
determine the protective effects of G-CSF and Galangin 
and on humans. Further research is required to determine 
the optimal G-CSF and Galangin dosage for greatest 
benefit while minimizing risks.
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الملخص العربى

دراسة هستولوجية و هستوكيميائية مناعية لمقارنة التأثيرات الوقائية المحتملة لعامل 
تحفيز مستعمرة المحببات مقابل الجالانجين على السمية القلبية المستحثة في ذكور 

الجرذان البيضاء

هالة محمد الحرون1,2، نادية سعيد بدوي1، ايمان بدوي حامد1، منى عبد المولى سليمان1
1قسم الانسجة وبيولوجيا الخلية - كلية الطب - جامعة المنوفية

2قسم العلوم الطبية الأساسية، كلية طب الأسنان، جامعة الريادة للعلوم والتكنولوجيا

 
ارتفاع معدلات  بتغيرات هستولوجية وكيميائية حيوية ، ويساهم بشكل كبير في  القلب  يتميزاعتلال عضلة  المقدمة: 

الوفيات العالمية ، و خاصة احتشاء البطين.
الفوائد  الناجمة عن الايزوبروتيرنول و كذلك اكتشاف  القلب  الهستولوجية بعضلة  التغيرات  تقييم  البحث:  الهدف من 

المحتملة لعامل تحفيزمستعمرة المحببات مقابل الجالانجين
المواد والطرق: تم تقسيم ستة و ستين جرذاً بالغاً من ذكور الجرذان البيضاء عشوائيا إلى أربع مجموعات،  المجموعة 
الأولى وظفت كمجموعة ضابطة و عددها 18 جرذا، المجموعة الثانية )المجموعة المعالجة بالايزوبروتيرنول( و عددهم 
16 جرذا و تم معالجتها بجرعة 5 مجم/كجم من وزن الجسم يوميا لمدة 14 يوما، المجموعة الثالثة )المجموعة المعالجة 
بالايزوبروتيرنول وعامل تحفيز مستعمرة المحببات GCSF ( و عددهم 16 جرذا و تم معالجتها بالايزوبروتيرنول 
بالجرعة السابقة و عامل تحفيز مستعمرة المحبباتGCSF( بجرعة 10 ميكروجرام / كجم من وزن الجسم يوميا لمدة 
المعالجة بالايزوبروتيرنول و الجالانجين( و  الرابعة ) المجموعة  أيام عن طريق الحقن تحت الجلد. المجموعة  ستة 
عددهم 16 جرذا و تم معالجتها بالايزوبروتيرنول بالجرعة السابقة و الجالانجين بجرعة 1 مجم / كجم من وزن الجسم 
للتقييمات  القلب ومعالجتها  والحصول على عينات   ، الفئران وذبحهم  تخدير  تم  الدراسة  نهاية  اسابيع.وفى  اربع  لمدة 

الهستولوجية والهستوكيميائية المناعية  وكذلك تقيمات بالمجهرالإلكتروني.
القلب ، وخصوصا اللاكتات  إنزيمات  المعالجة بالايزوبروترينول مستويات مرتفعة من  المجموعة  النتائج: أظهرت 
ديهيدروجينيز )LDH( ، والكرياتين كيناز CK-MB) MB( ، وتروبونين القلب )cTn I(. بالإضافة إلى انخفاض 
مستويات الإنزيمات المضادة للأكسدة ، بما في ذلك الجلوتاثيون ، SOD ، والكاتالاز )Catalase(. وأوضحت النتائج 
الهستولوجية فقدان عصابات اللييفات العضلية ، وظهرت الانوية داكنة بالاضافة الى التسلل الخلوى و وجود نزيف فى 

.3- CaspaseوVEGF  و TNF α الاندوميسيوم الذى ظهر متسعا كما زادت نسبة مساحة الكولاجين و
 بينما أظهرت نتائج الميكروسكوب الاليكترونى وجود اضطراب وتقطيع فى الياف عضلة القلب و تلف الميتوكندريا و 
كذلك انكماش خط Z. بينما العلاج بعامل تحفيزمستعمرة المحببات )GCSF( أدى إلى الحفاظ على أنسجة القلب بشكل 

ملحوظ مقارنة بالجالانجين.
أنسجة  الحفاظ على  تأثيرا وقائيا متفوقا بشكل ملحوظ فى  له   )GCSF( المحببات تحفيز مستعمرة  عامل  الاستنتاج: 
عضلة القلب مقارنة بالجالانجين في حالات تلف عضلة القلب المستحث. ولذلك نوصى بالمزيد من الأبحاث لدراسة 
التأثير الوقائي للجالانجين وG-CSF على البشرمع تحديد الجرعة المثالية لـ G-CSF والجالانجين لتحقيق أكبر فائدة.


