
Gamal E. Shams1, Suhair A. Abd El-latief1, Reem I. Abdelrahman2*

Protective effect of lycopene and grape seed extract against salbutamol 
toxicity on myocardial tissue

Introduction

Myocardial diseases, which are caused by an abrupt blockage of the 
coronary arteries, include rheumatic heart disease, peripheral artery dis-
ease, ischemic heart disease, congestive heart failure, cardiomyopathy, 
coronary heart disease, and congenital heart diseases. These are the most 
serious fatal diseases in the world (Jahan et al., 2012; Amran et al., 2015; 
Liaqat et al., 2023). Myocardial infarction is defined as cardiomyocyte ne-
crosis due to prolonged myocardial ischemia as a result of an imbalance 
between coronary blood supply and myocardial demand (Daoud et al., 
2017; Nguelefack-Mbuyo et al., 2022).

The mechanism of drug- induced cardiotoxicity is very difficult and 
varies depending on the medications, but it generally involves the pro-
duction of free radical oxygen species and oxidative stress throughout 
different stages of drug metabolism (Kushwah et al., 2022). Drug-induced 
cardiotoxicity initially causes cardiac muscle dysfunction that progres-
sively leads to myocardial infarction and heart failure (Loh et al., 2007).  
Salbutamol, which consists of an R-isomer and S-isomer, is an effective 
and widely used β2 adrenoreceptor agonist that may possess anti-in-
flammatory properties in addition to its bronchodilator activity (Beng 
et al., 2023). Numerous illustrations of oral salbutamol toxicity linked to 
tremors, hyperglycemia, hypokalemia, and cardiac arrhythmias have been 
documented (Zheng and Yadav, 2021). Subcutaneous administration of 
albuterol for 3 days (0.5-50 mg/kg) to Sprague-Dawley rats resulted in a 
slight myocardial necrosis in the apex and papillary muscle characterized 
by edema, hemorrhage, and mononuclear cell infiltration in the necrot-
ic areas (Magnusson and Hansson, 1973). A decrease in oxygen supply 
is linked to salbutamol toxicity because hypotension reduces coronary 

artery perfusion, which in turn results in myocardial hypoxia; ischemic 
myocardial necrosis and other cardiac complications include supraven-
tricular tachycardia and ventricular fibrillation (Greaves, 1990; Petruska et 
al., 1997; Uysal et al., 2016). Also, Libretto (1994) reported that salbutamol 
toxicity increases the heart weight linked to fibrosis, localized myocardi-
al necrosis, muscle fiber hypertrophy, and inflammation in rats. Further-
more, Liaqat et al. (2023) showed congestion and necrosis in the heart of 
rabbits treated with salbutamol (65 mg/kg b.wt.) once a day for two days 
to induce myocardial injury.

The number of cardiac patients is increasing rather than decreasing 
as a result of the ongoing efforts of pharmaceutical and medical scien-
tists to treat heart diseases (Ojha et al., 2011). Besides, the synthetic car-
dioprotective medications that are already on the market have a lot of 
side effects and are quite expensive (Kchaou et al., 2014). Therefore, the 
easy availability, comparatively less side effects, and low cost of medicinal 
plants make them more attractive therapeutic agents which are potential 
agents for preventing and treating oxidative stress and heart diseases 
(Liu et al., 2014). 

Lycopene (LCP) is one of over 600 carotenoids naturally found in to-
matoes, watermelon, pink grapefruit, papaya, apricots, and guava which 
impart a characteristic red pigmentation (Carvalho et al., 2020). The main 
sources of LCP in the diet are tomatoes and tomato-based products (Col-
le et al., 2010). Due to the bioactive dietary compounds in LCP, it may be 
important in counteracting oxidative stress and diminish excess ROS con-
tributes to initiating arterial hypertension and cardiovascular disease. Ad-
ditionally, LCP is crucial in preventing cardiovascular complications, such 
as blood clots resulting from atherosclerotic alterations (Przybylska and 
Tokarczyk, 2022). This could help to explain LCP’s potential as a cardio-
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ARTICLE INFO ABSTRACT

Cardiovascular toxicity includes damage to the heart resulting from inflammation, oxidative stress, and tox-
in-induced abnormalities in electrophysiology, and muscle damage. The current study set out to investigate 
the potential cardioprotective properties of lycopene (LCP) and grape seed extract (GSE) as potential novel 
therapies to counteract the cardiotoxicity caused by salbutamol. Histopathological and immunohistochem-
ical analysis were used to achieve this.  Male albino rats weighing between (150_180g b.wt) were randomly 
divided into six sets, each containing seven rats. Group I received saline and kept as a control group. Group 
II was given oral administration of salbutamol (65 mg/kg b.wt.) for 2 consecutive days. Group lll received oral 
dose of LCP (1 mg/kg b.wt.) for three weeks. Group IV was given oral dose of GSE (100 mg/kg b.wt.) for three 
weeks. Group V was pretreated orally with LCP for three weeks followed by salbutamol oral administration (65 
mg/kg b.wt.) for two consecutive doses. Group VI was pretreated orally with GSE (100 mg/kg b.wt.) for three 
weeks followed by salbutamol oral administration (65 mg/kg b.wt.) for two consecutive doses. All treatments 
were administered once daily by oral route using gastric tube. Results revealed that salbutamol induced cardiac 
damage manifested by congestion of myocardial blood vessels, intermuscular hemorrhages, endocardial de-
generative changes, microcalcification and subendocardial congestion and hemorrhage, focal cardiomyocytes 
hyalinization with nuclear peripheralization and pyknosis and individual cellular apoptosis. In comparison with 
salbutamol group, pre-treatment of rats with GSE demonstrated a moderate ameliorative effect comparable to 
that of LCP pretreated group; however the residual tissue changes are little bit worse. Immunohistochemistry 
results supported the histopathological investigations. In conclusion, pre-administration of GSE and LCP pro-
vide potential cardioprotective effects by reducing salbutamol-induced cardiac damage linked to alterations in 
histopathology and immunohistochemistry.
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protective agent as it has good antioxidant properties include scavenging 
singlet oxygen and free radical (Bansal et al., 2006).

Grape seed extract (GSE) is a natural powerful antioxidant that is safe 
without any toxicity (Safaei et al., 2017). It possesses several other biolog-
ic and pharmacologic actions including cardioprotective, anti-inflamma-
tory, antitumor, antibacterial, and antiviral activities. Potential therapeutic 
values of GSE are associated with its antioxidant and anti-inflammatory 
properties (Zhang et al., 2011a). Grape seed proanthocyanidin extract 
(GSPE) is an active a biological polyphenolic compound extracted from 
grape seeds with various pharmacologic effects, has antioxidant, free rad-
ical scavenging, anti-inflammatory, and other biological activities (Hao et 
al., 2018; Tu et al., 2019). Several studies have suggested that GSE may 
beneficially affect endothelium injury, platelet aggregation, and inflam-
mation involved in the pathogenesis of systemic diseases (Sano et al., 
2005; Zhang et al., 2011b). Furthermore, GSE showed a protective activity 
against cardiovascular diseases and myocardial infarction,  in addition to 
antithrombotic properties in different animal studies (Sato et al., 2001; 
Shao et al., 2003; Ammar et al., 2013;Nour et al., 2017).

Therefore, the main objective of this study was to evaluate the cardi-
oprotective potential effects of LCP and GSE against myocardial toxicity 
induced by salbutamol in rats, by assessing histopathological and immu-
nohistochemical analysis.

Materials and methods

Animal ethical statement

Animal handling, medications, and euthanization were carried out 
following the guidelines for the care of experimental animals and ap-
proved by the Research Ethical Committee, Faculty of Veterinary Medi-
cine, Zagazig University, Zagazig, Egypt according to the Animal Research 
Ethics Committee Guide for care and use of laboratory animals (Approval 
number: ZU-IACUC/2/F/156/2023). 

Chemical and plants

Salbutamol sulfate (VENTOLIN SYRUP) was purchased from 
GlaxoSmithKline Australia EGYPT. Bottle contains salbutamol as the sul-
fate 2.0 mg/5 mL in an orange flavoured sugar free and dye free formula-
tion.  Lycopene and Grape seed extract were purchased from 21st Century 
HealthCare Company, Inc. 443 West Alameda Dr. Tempe, AZ 85282. 

Experimental animals 

In this study Forty two adult male albino rats were chosen in a good 
clinical health (150-180g b.wt.)  provided from the Animal House of the 
Faculty of Veterinary Medicine, Zagazig University, Zagazig, Egypt. The 
animals were housed in metal cages and kept under standard laboratory 
conditions of aeration and room temperature at about 25ºC. The animals 
were fed with a standard feed based on pellets, and purified water was 
given ad libitum throughout the experimental period.

Experimental design

The forty two rats were divided randomly into six experimental 
groups with seven rats each. Group I received standard diet only and 
served as normal control group. Group II received salbutamol (65 mg/
kg b.wt.) orally once a day for 2 consecutive days to induce myocardial 
injury (Liaqat et al., 2023). Group lll was given LCP with a daily oral dose 
(1mg/kg b.wt.) for three weeks (Bansal et al., 2006). Group lV was given 
a daily oral dose of GSE (100 mg/kg b.wt.) once a day for three weeks 
(Razmaraii et al., 2016). Groups Vand VI were pretreated with LCP or GSE 
respectively for three weeks followed by salbutamol administration for 2 
consecutive days. 

All medicaments were dissolved in normal saline and given once 
daily through oral route using gastric tube. Drug solutions were freshly 
prepared before administration. 

Histopathological analysis

At the end of experiment, the animals were euthanized and the 
hearts were excised, weighted, then washed with normal saline and fixed 
immediately in 10% neutral buffered formalin for 48 hours, followed by 
removal of fixative in distilled water for 30 minutes. The samples were 
then dehydrated using a gradient of ethanol concentrations (70–100%), 
and then followed by clearing in several changes of xylene. It consist-
ed of tissue immersion for an hour in a mixture comprising 50% alcohol 
and 50% xylene, followed by pure xylene for one and a half hour. Sam-
ples were then impregnated with molten paraffin wax, embedded and 
blocked out. Paraffin sections (4–5 µm) were stained with hematoxylin 
and eosin (Suvarna et al., 2013).  Under a light microscope, the pathologic 
structural alterations were examined by a veterinary pathologist.

Immunohistochemistry analysis

The tissue sections were microwave treated. The presence of anti-
gens in the heart tissues was identified by immunostaining, using a two-
step process. The primary antibody was first bound to the related antigen, 
and then the reaction was visualized using a biotin– streptavidin (BSA) 
system (Hsu et al., 1981). 3,30 -Diaminobenzidine (DAB) was used for the 
permanent preparation, and hematoxylin was used for counterstaining. 
Five-micron-thick paraffin sections were mounted on positively charged 
glass slides (Biogenex, Freemont, CA, USA). Paraffin sections were soaked 
in xylene overnight and then passed through ethanol in concentrations 
of 100%, 95%, 75%, and 50%. The excess buffer was blotted off, and the 
slides were dried. One drop of supersensitive primary monoclonal an-
tibodies (COX-2 and P53) was placed on the sections. After incubation 
for 60 min, the slides were rinsed for 5 min in phosphate-buffered saline 
(PBS). Two drops of DAKO EnVision were applied for 20 min, followed by 
rinsing with PBS. DAB chromogen was applied for 10–20 min until the 
desired brown color was obtained, and then the slides were washed in the 
buffer to remove the DAB. Mayer’shematoxylin (Hx) was used to counter-
stain the nuclei in the sections. In accordance with the degree of nuclear 
staining, sections were placed in Hx solution for 3–5 min, then washed in 
tap water and differentiated in acid–alcohol before being washed again in 
tap water. Air-dried slides were mounted with Canada balsam. 

Morphometric analysis 

Image analysis slides were digitized using an Olympus digital cam-
era (Olympus LC20- Tokyo, Japan) installed on an Olympus microscope 
(Olympus BX-50, Tokyo, Japan) with a 1/2× photo adaptor, using a 40× 
objective. The resulting images were analyzed on an Intel® Core I3®-
ased computer using Video Test Morphology 5.2 software (Mosco, Russia) 
with a specific built-in routine for immunohistostaining analysis and stain 
quantification. The system measured the area percentage of caspase-3 
positive expression. Images from five slices per tissue were taken 200 µm 
apart. Five visions per slice were randomly chosen for assessing positive 
cells using image analysis software (JID801D). The average grayscale of 
the positive cells was calculated automatically (Hashish and Kamal, 2015).

Statistical analysis    
    

 The results are expressed as mean values ± SEM (standard error of 
the mean). To assess the influence of the treatment groups on the differ-
ent biochemical parameters, a one-way analysis of variance (ANOVA) was 
used. All analyses and charts were performed using the Statistical Pack-
age for Social Sciences version 28.0 (SPSS, IBM Corp., Armonk, NY, USA). 
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Results

The histopathological changes in rats’ myocardium of all the study 
groups are shown in Figures 1-6. Control negative rats’ group (G1) 
showed apparently normal cardiomyocytes with a single centrally locat-
ed nuclei, sarcolemma cells, interstitial tissue space, intermuscular blood 
vessels, endocardium, aorta and aortic valves (Fig. 1).  However, the sal-
butamol treated rat’s group (G2, control positive) displayed characteristic 
histopathological changes when matched with the control group. There 
were a variety of changes represented by pale acidophilic cytoplasm of 
many cardiac myocytes  with gradual disappearance of the sarcoplasm 
and pyknosis of sarcolemma cells (early cardio-malacia), focal cardio-
myocytes hyalinization with nuclear peripheralization and pyknosis and 
individual cellular  apoptosis. There were also congestion of myocardial 
blood vessels, moderate interstitial edema with occasional intermuscular 
hemorrhages, beside endocardial degenerative changes, microcalcifica-
tion and subendocardial congestion and hemorrhage (Fig. 2). The LCP 
treated rat’s group (G3) revealed a micromorphological characteriza-
tions comparable to that of  the control negative group with keeping 
features of the cardiomyocytes morphology, epicardial and endocardial 
structures, intercalated discs, interstitial tissue, sarcolemma cells, coro-
ner’s, and aortic structure (Fig. 3). Also, the GSE treated rat’s group (G4) 
revealed histological features comparable to that of the control negative 
group with a preserved  morphology  of  cardiomyocytes, epicardial and 
endocardial structures, intercalated discs, interstitial tissue, sarcolemma 
cells, coroner’s, and aortic structure (Fig. 4). 

The LCP- pretreated rat’s group followed by salbutamol administra-
tion (G5, preventive control) declared a moderate ameliorative effect of 
the used extract. Residual tissue changes were still recorded and were 
represented by focal myocardial degeneration (hyaline), apoptosis, con-
gested coronary, intermuscular and occasionally subendocardial blood 
vessels. Mild interstitial edema and mild focal cardio malacic foci were 
seen.  The aorta and other large blood vessels were apparently normal 
(Fig. 5). 

The GSE- pre-treated group (G6, preventive control) demonstrated a 
moderate ameliorative effect comparable to that of LCP pretreated group; 
however the residual tissue changes are little bit worse. There were focal 
myocardial degeneration, macro-steatosis, and apoptosis. Moderate con-
gestion of the coronary blood vessels, intestinal edema with associated 

cardiomyocytic atrophy together with mild focal cardio-malacic foci were 
recorded. The aorta and other large blood vessels appear normal (Fig. 6).

Examined COX- 2- immune-stained tissue sections from different 
experimental groups denoted negative expression of the inflammatory 
marker COX- 2 in the cardiomyocytes, vascular endothelium, interstitial 
fibrocytes and the normally detected fixed tissue histiocytes in groups 
1, 3, 4, 5 and 6. Very few vascular endothelial cells were weakly reactive 
in groups 1and 3. Salbutamol treated rats (G2) revealed moderate ex-
pression of the used marker in the vascular endothelial cells and in a few 
to moderate number of degenerated cardiomyocytes. A few numbers of 
the above mentioned cells were recorded in the pretreated LCP and GSE 
groups, G5and G6 (Fig. 7). 
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Fig.1. Photomicrograph from rat’s heart of control negative group showing apparently nor-
mal cardiomyocytes with a single centrally located nuclei (black arrow), sarcolemma cells 
(yellow arrow), interstitial tissue space (dark blue arrow), intermuscular blood vessels (light 
blue arrow), endocardium (light green arrow), aorta (black and green asterisks) and aortic 
valves (light blue asterisk). H&E Scale bars 25um, 100um.

Fig. 2. Photomicrograph from rat’s heart of control positive, salbutamol treated  group show-
ing pale acidophilic cytoplasm of many cardiac myocytes with gradual disappearance of the 
sarcoplasm and pyknosis of sarcolemma cells (early cardio-malacia) (gray arrow), focal 
cardiomyocytes hyalinization with nuclear peripheralization and pyknosis (dark green ar-
rows ) in addition to individual cellular  apoptosis (brown arrow). There is also congestion 
of myocardial blood vessels (light blue arrows), moderate interstitial edema with occasional 
intermuscular hemorrhages (dark blue arrows) beside endocardial degenerative changes (red 
asterisks), microcalcification (orange asterisk) and subendocardial congestion and hemor-
rhage (yellow asterisks). H&E .Scale bars 25um, 100um.

Fig.3. Photomicrograph from rat’s heart of LCP treated group showing keeping features of 
the cardiomyocyte’s morphology (black arrows), epicardial (white arrow) and endocardial 
structures (light green arrow), interstitial tissue (dark blue arrow), sarcolemma cells (yellow 
arrow), coroner’s, and aortic structure (light blue arrow and black asterisks). H&E .Scale 
bars 25um, 100um



Immune stained tissue sections for apoptotic protein P53 from differ-
ent experimental groups denoted negative expression of the used marker 
in the cardiomyocytes, vascular endothelium, interstitial fibrocytes and 
tissue histiocytes in groups 1, 3, 4, 5 and 6. Very few vascular endothelial 
cells were weakly reactive in groups 1, 3. On the other hand Salbutamol 
treated rats (G2) revealed mild to moderate expression of the used mark-
er in a few to moderate numbers of cardiomyocytes and vascular endo-
thelial cells (Fig. 8). 

Morphometric analysis of COX-2 immune-stained heart tissue section 
from different experimental groups revealed an estimated average ex-
pression of positive cells as 1.86, 12.13, 0.45, 0.31, 2.57 and 1.88 in control 
free (G1),  salbutamol intoxicated (G2), lycopene  (G3), grape seed extract 
(G4), lycopene preventive  (G5) and grape seed preventive (G6) groups 
respectively (Fig. 9) . Morphometric analysis of P53 immune-stained heart 
tissue section from different experimental groups revealed an estimated 

average expression of positive cells as 2.46 , 10.12 , 1.96, 0.37, 0.40 and 
0.98 in control free (G1),  salbutamol intoxicated (G2), lycopene  (G3), 
grape seed extract (G4), lycopene preventive  (G5) and grape seed pre-
ventive (G6) groups respectively (Fig. 9).

 

Fig. 4. Photomicrograph from rat’s heart of GSE treated rats (G4) showing keeping features 
of the cardiomyocyte’s morphology (black arrows), epicardial (white arrow) and endocar-
dial structures (light green arrow), interstitial tissue (dark blue arrow), sarcolemma cells 
(yellow arrow), coroner’s, and aortic structure (light blue arrow, green and black asterisks). 
H&E .Scale bars 25um, 100um.

Fig. 5. Photomicrograph from rat’s heart of LCP- pretreated group (G5) showing residual 
tissue changes represented by focal myocardial degeneration (hyaline) (dark green arrows), 
apoptosis (brown arrows) , congested  intermuscular and subendocardial blood vessels(yel-
low asterisks) . Mild interstitial edema is also seen (dark blue arrow). Mild focal cardio 
malacic foci are observable (gray arrows). Aorta and large blood vessels appear normal 
(black and green asterisks). H&E Scale bars. 25um, 100um..

Fig. 6. Photomicrograph from rat’s heart of GSE pre-treated group (G6) showing focal myo-
cardial degeneration (dark w associated cardiomyocytic atrophy (dark blue arrow) together 
with mild focal cardio-malacic foci (gray arrows) can be seen.  The aorta and other large 
blood vessels appear normal (black and green asterisks). H&E. Scale bars. 25um, 100um.

Fig. 7. Photomicrograph from COX-2-immune stained tissue sections showing negative 
expression (green arrows) of the inflammatory marker COX 2 in the cardiomyocytes, vas-
cular endothelium, interstitial fibrocytes and tissue histiocytes in groups 1, 3 &4. Very few 
vascular endothelial cells appears weakly reactive in groups 1&3 (red arrows). Salbutamol 
treated rats (G2) shows moderate expression of the used marker in the vascular endothelial 
cells (red arrows) and in a few to moderate number of degenerated cardiomyocytes (brown 
arrows) .A few numbers of the above mentioned cells are seen  in  the preventive groups 
(5&6). COX- 2 .Scale bar 25um.

Fig. 8. Photomicrograph from P53-immune stained tissue sections showing negative ex-
pression of the used marker in the cardiomyocytes (green arrows), vascular endothelium 
(black arrows) beside the interstitial fibrocytes and tissue histiocytes in groups 1,3,4, 5 and 
6. Very few vascular endothelial cells appear weakly reactive in groups 1and 3 (red arrows). 
Salbutamol treated rats (G2) showing mild to moderate expression of the used marker in a 
few to moderate numbers of  cardiomyocytes (brown arrows) and vascular endothelial cells 
( red arrows). P53 .Scale bar 25um.
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Discussion

Because oxidative stress plays a key role in the pathogenesis of car-
diac toxicity, avoiding this stress is the fundamental need of preventing 
cardiac injury. This can be achieved either by enhancement of endoge-
nous antioxidant enzyme or reducing the production of reactive oxygen 
species (Jain et al., 2018).

Cardiomyopathy is the most important toxic outcome in patients or 
experimental animals receiving salbutamol. Former studies according to 
Libretto (1994) findings, rats with salbutamol toxicity exhibited fibrosis, 
myocardial necrosis, hypertrophy of muscular fibres, and inflammation. 
In addition, rabbits given salbutamol (65 mg/kg b.wt.) once daily for two 
days in order to cause myocardial damage had congestion and necrosis 
in their hearts (Liaqat et al., 2023). New studies have associated with an 
increased in the morbidity and mortality in asthmatic patients with un-
derlying heart disease currently being treated with salbutamol (Nagra et 
al., 2011).

In the current study, salbutamol exposed animals revealed diversity 
of histopathological lesions represented by pale acidophilic cytoplasm of 
many cardiac myocytes  with gradual disappearance of the sarcoplasm 
and pyknosis of sarcolemma cells, focal cardiomyocytes hyalinization 
with nuclear peripheralization and pyknosis and individual cellular  apop-
tosis, beside congestion of myocardial blood vessels, moderate inter-
stitial edema with occasional intermuscular hemorrhages, endocardial 
degenerative changes, microcalcification and subendocardial congestion 
and hemorrhage. These alterations may be due to oxidative stress with 
production of free radical oxygen species causing cardiac injury (Kushwah 
et al., 2022).  Farías et al. (2017) reported that oxidative stress referred 
to the remarkable imbalance in normal oxidant scavenging enzyme sys-
tems leading to toxic intermediates accumulation and circulation.  It is 
believed that salbutamol’s mode of action may be comparable to iso-
proterenol due to their structural similarities (Liaqat et al., 2023). The 
histopathological findings in salbutamol induced cardiotoxicity may be 
due to oxidative stress which is a key pathomechanism that led to prog-
ress in autophagia, apoptosis, and irreversible injury in cardiomyocytes 
(Xiang et al., 2021). The obtained findings were in agreement with other 
investigators showing that salbutamol significantly increased apoptosis/
necrosis compared to non-treated cardiomyocytes subjected to hypoxia/ 
reoxygenation (Nagra et al., 2011). Also, Nour et al. (2017) stated that rats 
received two intra-peritoneal injections of Isoproterenol (ISO) (85 mg/kg) 
showed focal areas of myocardial infarction, mononuclear cell infiltration, 
a significantly increased percentage area of fibrosis and degeneration 
of cardiomyocytes which viewing loss of striation and hypereosinophil-
ic vacuolated cytoplasm with condensed nuclei. Furthermore, evidently 
discernible myocyte necrosis was encountered in the heart of rats after 
clenbuterol (0.1 mg /kg b.wt.) administration (Burniston et al., 2002). Also, 
significant cardiac damage in the form of myocardial necrosis, nuclear 
pyknosis, edema, vacuolization, inflammatory infiltration and muscle fi-
brosis was recorded in ISO induced group (Jain et al., 2018). Our results 
of histopathological analysis are in line with many previous studies (Hina 
et al., 2010; Fathiazad et al., 2012). Similarly, the hearts of doxorubicin 
(DOX)- treated animals showed moderate to severe focal myocardial de-
generation accompanied by mononuclear cell infiltration (Karimi et al., 
2005). Additionally, when compared with the myocardium of the control 
rats, signs of necrosis with the infiltration of numerous inflammatory cells 
as well as muscle fibers separation were seen in ISO-induced myocardial 
infarction (MI)  in rats (Amran et al., 2015).

On the other hand, treatment of experimental animals with LCP or GSE 
decreased salbutamol- induced heart lesions. LCP treated rats showed a 
moderate ameliorative effect of the used extract. Residual tissue changes 
were still noticed and were exemplified by focal myocardial degeneration, 
apoptosis, congested coronary, intermuscular and occasionally subendo-
cardial blood vessels, with mild interstitial edema and mild focal cardio 

malacic foci were seen.  The aorta and other large blood vessels were ap-
parently normal. These results may be endorsed to the protective and an-
tioxidant effects of LCP as previously reported that LCP is characterized by 
a high antioxidant potential, the highest among carotenoid pigments. For 
this reason, epidemiological studies show a number of favorable proper-
ties between the consumption of lycopene in the diet and a reduced risk 
of cardiovascular disease (Cheng et al., 2019; Przybylska and Tokarczyk, 
2022).  In recent years, oxidative stress and its counter strategies have 
attracted biomedical research that LCP has been described to directly 
interact with ROS, which can help to avert chronic diseases, including 
diabetes, cardiovascular and neurodegenerative diseases (Bin-Jumah et 
al., 2022). Similar histopathological outcomes were attained by Karimi et 
al. (2005) who observed slight myocardial inflammation and mild cell in-
jury in animals treated with 2.4 g/kg of extract or 3.5 mg/kg of LCP. Also, 
Abdel-Daim et al. (2018) reports marked amelioration and regression of 
histopathological lesions was established in the tulathromycin–lycopene- 
and diclofenac sodium (DFS)–lycopene-treated groups, with mild vacuo-
lar degeneration of cardiomyocytes and restoration of cardiac myocytes 
that appeared relatively similar to the control group.

GSE- pre-treated group (G6) demonstrated a moderate ameliorative 
effect comparable to that of LCP pretreated group; however the residual 
tissue changes are little bit worse. There were focal myocardial degener-
ation, moderate coronary blood vessels congestion, intestinal edema and 
mild focal cardio-malacic foci were recorded. The aorta and other large 
blood vessels appear normal.  Such mild findings in rats treated with GSE 
may be attributed to antioxidant activity of GSE which significantly pro-
tected the heart tissue; this leading to conclusion that GSE acts as a po-
tent antioxidant to alleviate heart damage (Yalçin et al., 2010; Boghdady 
et al., 2013). Also, recent experimental studies stated that consumption of 
the GSE prevented excessive ROS accumulation in heart tissue and might 
increase antioxidant capacity (Shao et al., 2003). Moreover, GSE had scav-
enging properties that reduced the free radicals (Aldubayan, 2020; Zarei 
et al., 2022). Others reported that GSE treatment markedly attenuated 
DOX-induced toxicity, structural changes in myocardium and improved 
ventricular function in Wistar Rats (Razmaraii et al., 2016).  This was in line 
with that pretreatment of rats with Cassia fistula methanolic extract in 
ISO-induced myocardial infarction exhibited moderate necrosis and kept 
normal morphology of cardiac muscles significantly by reducing infarct 
size as compared to the other groups (Kushwah et al., 2022). In harmony 
with this evidence, Karthikeyan et al., (2009) have confirmed the efficacy 
of GSPE as a cardioprotective agent in alleviating isoproterenol-induced 
myocardial injury in rats. Moreover, in the diabetic rats, GSPE suppressed 
the hypertrophy of cardiomyocytes, decreased interstitial fibrosis, and led 
to light microscopic findings similar to those of the control rats (Cheng 
et al., 2007).

Regarding immunohistochemistry in the current work, im-
mune-stained heart tissue sections from different experimental groups 
denoted negative expression of the inflammatory marker COX- 2 in the 
cardiomyocytes, vascular endothelium, interstitial fibrocytes and normally 
detected in fixed tissue histiocytes (G1, and 3- 6). Very few vascular endo-
thelial cells were weakly reactive in groups 1&3. However, salbutamol ad-
ministration (G2) exposed moderate expression of COX- 2 marker in the 
vascular endothelial cells and in a few to moderate number of degener-
ated cardiomyocytes. A few numbers of the above mentioned cells were 
expressed COX- 2 marker in the pretreated LCP and GSE groups (G5and 
G6). These results indicate that inflammatory reaction in myocardial in-
farction (MI) caused salbutamol is probably mediated COX-2. Prostaglan-
dins are produced as a result of COX-2 activation and are likely implicated 
in the inflammatory response that follows MI. This response is crucial for 
healing MI, but inflammation may also have negative effects (Heymans et 
al., 1999; Zidar et al., 2005). In rats, COX-2 expression increase was asso-
ciated with elevations in reactive oxygen species (Kim et al., 2001) caus-
ing myocardial toxicity induced by salbutamol. Experimental research 
have highlighted the significance of COX-2 in MI by demonstrating its 
participation in the pathophysiology of persistent heart failure resulting 
from MI (LaPointe et al., 2004; Saito et al., 2004). In the present study, 
COX-2 would not be present in the normal rat’s heart, and experimental 
groups (3-6) although weak focal expression of COX-2 were observed in 
few numbers of cardiomyocytes, vascular endothelium, interstitial fibro-
cytes in the pretreated LCP and GSE groups. Similar findings have been 
described in some other studies, both in humans (Yajosima et al., 1999; 
Wong et al., 1998) and experimental animals (Kim et al., 2001). Some au-
thors, on the contrary, did not find any COX-2 positivity in the normal 
human (Abbate et al., 2004) and animal hearts (LaPointe et al., 2004). The 
significance of COX-2 in the normal heart has not been elucidated. It has 
been suggested that COX-2 is the source of the reactive oxygen species 
which are well known to be responsible for oxidative stress characteristic 
for aging processes (Kim et al., 2001).  A recent study by Zidar et al. (2007) 
reported that COX-2 was either not presents or it was present in occa-
sional myocytes in the normal hearts. In myocardial infarction, its expres-

Fig. 9. demonstrating the estimated average expression of positive cells for COX- 2 and P53 
in the heart muscles of different experimental groups.
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sion was induced in cardiomyocytes as well as in interstitial inflammatory 
cells, and in capillaries and myofibroblasts in granulation tissue. This was 
due to COX-2 probably mediates inflammatory reaction in myocardial 
infarction caused as a result of salbutamol toxicity. 

Immune stained tissue sections for apoptotic protein P53 from differ-
ent experimental groups denoted negative expression of the used marker 
in the cardiomyocytes, vascular endothelium, interstitial fibrocytes and 
tissue histiocytes in groups 1, 3, 4, 5 and 6. Very few vascular endothelial 
cells were weakly reactive in groups 1, 3. On the other hand, salbutamol 
treated rats (G2) revealed mild to moderate expression of the used marker 
in a few to moderate numbers of cardiomyocytes and vascular endothe-
lial cells. Freshly investigation revealed that P53 is a gene that regulates 
the expression of many genes. It broadly regulates the Transcriptome to 
maintain cardiac architecture and function. Elevated P53 levels correlate 
with cardiomyocytes (CM) apoptosis and hypertrophy in end-stage hu-
man heart failure. Therefore, the impairment of P53 will have deleterious 
consequences on the heart as a result of reactive oxygen species (ROS) 
induces DNA damage (Song et al., 1999). In the present study admin-
istration of salbutamol induced cardiac injury manifested by immuno-
histochemistry as mild to moderate expression of P53 marker in a few 
to moderate numbers of cardiomyocytes and vascular endothelial cells 
compared with the  control or treated animals which showed negative ex-
pression. The same findings were obtained by previous studies (Gottlieb 
and Vousden, 2010).  Earlier study showed a marked increase in the pro-
tein expression of key regulators of apoptosis, namely the caspase -3 and 
Bax-proteins in rats with experimental myocardial infarction (MI) (Vahtola 
et al., 2010). Also, Mak et al. (2017) demonstrate that deletion of P53 was 
sufficient to trigger the development of spontaneous pathological heart 
hypertrophy in older mice. Formerly, a study investigated the mechanism 
of P53-induced myocardial apoptosis and cardiac dysfunction by acti-
vating the mitochondrion apoptotic pathway following coronary micro-
embolization (CME) -induced cardiac dysfunction (Sun et al., 2017). Also, 
the latter authors revealed that P53, Bbc3 (PUMA), and cleaved caspase-3 
expressions were significantly increased, and BCL-2 expression was de-
clined in myocardial tissues of the CME group compared to the sham 
group. Jiang et al. (2015) found that P53 expression in myocardial tissues 
was upregulated during myocardial ischemia-reperfusion (I/R) and was 
positively correlated with the myocardial apoptosis level. Some studies 
reported that the downregulation of P53 expression could reduce myo-
cardial apoptosis during myocardial infarction (Naito et al., 2010; Zhang 
et al., 2011b). In addition, P53 is closely related to the apoptotic pathway; 
it can not only upregulate Bax expression, but may also directly interact 
with Bcl-2 in order to inhibit any anti-apoptotic effect (Chi, 2014). 

On contrary, immune stained heart tissue for apoptotic protein P53 
in treated groups with LCP or GSE denoted negative expression. Our re-
sults are in consistent with Roy et al. (2005); Pei et al. (2018) and Przy-
bylska and Tokarczyk (2022). The authors before stated that the addition 
of Thymoquinone inhibited DOX-induced cardiac fibrosis (TGF-β, Smad3, 
collagen I, collagen III, and α-SMA) and apoptosis (P53, bcl-2, caspase-3, 
caspase-9, and BAX) in rats, indicating that thymoquinone may be a po-
tential therapeutic target for cardiac damage caused by DOX-induced 
heart failure. Furthermore, immunohistochemistry revealed an increased 
Bax/Bcl-2 ratio in the myocardium of isoproterenol- induced oxidative 
stress and myocardial infarction, while Kaempferol restored hemody-
namic, left ventricular functions, decreased cardiac injury markers, TNF-α 
level and apoptosis (Suchal et al., 2016). Previous research conducted by 
Hong et al. (2015), they found that lycopene (in the form of watermelon 
powder) reduced inflammation by reducing the activity of the pro-in-
flammatory mediator cyclooxygenase 2 (COX-2), disrupting the produc-
tion of prostaglandins E2 and I2. In contrast, lycopene administration to 
hypercholesteremic rats reduced the levels of Bax and caspase-3 in both 
organs (heart and kidneys) noticeably and increased the levels of Bcl-2 in 
comparison to the control group (Albrahim, 2022). Concerning rats treat-
ed with GSE, our findings disagree with earlier report that showed a slight 
positive reaction for P53 expression in the heart sections from mice in the 
control and GSPE groups, while the heart sections from mice with Ehrlich 
solid tumor (EST) exhibited strong positive reactions for P53 expression. 
By contrast, mild-to-moderate positive reactions for P53 expression were 
observed in the heart sections from mice in the GSPE + EST group and 
EST + GSPE group (Aldubayan, 2020). 

Conclusion

The present study revealed that LCP and GSE mitigate myocardial 
damage in salbutamol-induced cardiac injury by reducing inflammation 
owing to its anti-apoptotic, anti-inflammatory and antioxidant activities. 
It may be concluded that a diet containing LCP or GSE may be beneficial 
in those who are at the risk of myocardial injury.
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