[image: image1.jpg]



[image: image2.jpg]



[image: image3.jpg]




Original Research Article

Cardioprotective Potentials of Ethanolic Seed Extract of Persea Americana on Doxorubicin-Induced Male Wistar Rats.

ABSTRACT
Cardiovascular diseases are the leading cause of deaths worldwide. The health benefits of avocado seeds stem from essential nutrients and phytochemicals. This study aimed to evaluate the cardioprotective potentials of ethanolic seed extract of Persea americana on doxorubicin-induced male wistar rats. Thirty-six male wistar rats were divided into six groups: Group A were control rats. Group B rats received DOX alone in over a 5 weeks period. Group C animals received the DOX treatment plus Vitamin E. Groups D, E and F rats received the DOX treatment plus 400 mg/Kg, 800 mg/Kg and 1200 mg/Kg b.wt of the extract respectively. Animals were sacrificed after the treatment period, histopathological examination was carried out on the heart tissues, and serum LDH, CK-MB and Troponin I levels were evaluated. The results showed that DOX+400 and DOX+800 mg/kg b.wt of the extract were found to be lower in LDH  and Troponin I value when compared to those of the DOX-test group. Moreover, the body weight gains of the groups administered with the extract were significantly lower than that of the normal group. Histology result showed myocytic proliferation and mild congestion in the heart tissues of the DOX-Test group, indicating response to injury, whereas the rest of the groups showed a conserved heart architecture The extract acted as cardioprotective agent against DOX induced toxicity as evidenced by mitigation of impacts on cardiac function markers. These findings support the therapeutic values attributed to P. americana.
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1.0 Introduction

Globally, cardiovascular diseases (CVDs) are the leading cause of death (Namara et al., 2019). According to estimates, CVDs caused 17.9 million deaths in 2019 (representing 32% of all deaths worldwide) (World Health Organization [WHO], 2021), with over 75% of these deaths occurring in low- and middle-income countries (WHO, 2016). In Nigeria, non-communicable diseases were estimated to account for 29% of all deaths, with CVDs accounting for 11% of these deaths (Ike and Onyema, 2020). Like many high-income countries over the past century, low and middle-income countries, including Nigeria, have seen an acceleration of CVDs over the past two decades. Heart failure, stroke, and hypertension are among the CVDs that have been observed to be on the rise in Nigeria over the previous 20 years (Ike and Onyema, 2020). High prevalence of CVD risk factors was observed in 2013 by studies conducted in Ota, Southwest Nigeria, and Aba, southeast Nigeria (Dokunmu et al., 2018; Ogah et al., 2013). According to Ulasi et al. (2011), 42% of market workers in Enugu had hypertension in 2011. According to Eze and Kalu (2019), heart failure accounted for 14.7% of deaths in medical emergency rooms, whereas stroke accounted for 24.4%.

Cardiomyocyte homeostatic control is essential for preserving the heart tissues' typical physiological activity. Drug-induced cardiotoxicity can result in cardiac abnormalities as myocardial hypertrophy, myocardial infarction, and arrhythmia (Pandi et al., 2022). Generally speaking, cardiotoxicity refers to toxicity that negatively impacts the heart and can eventually cause myocardiopathy, including arrhythmia, myocardial infarction, and myocardial hypertrophy (Vater et al., 2022). Over 20% of clinical medications were taken off the market in recent years due to cardiovascular adverse effects, which hindered drug research and significantly impacted patient health improvement (Leong Bin Abdullah and Singh, 2021). According to a number of studies, drug-induced cardiac dysfunction may occur gradually and be accompanied by structural myocardial deformations and an increase in cardiac biomarkers (Patel and Cornell, 2019). Cardiotoxicity is a significant issue with hundreds of industrial chemicals, medicinal agents, and natural compounds. Several substances used in pharmaceuticals have been demonstrated to prolong cardiac repolarization, which can result in arrhythmia and accompanying clinical symptoms. One such medication is doxorubicin (DOX), which is used to treat cancer and can lead to heart problems (Kumar et al., 2014).

A broad-spectrum antibiotic anthracycline, doxorubicin (DOX) finds extensive use in the clinical chemotherapeutic treatment of solid malignancies, including leukemias and cancers of the breast, lung, ovary, and uterus. Although DOX is unquestionably effective, its clinical usage in the treatment of cancer is limited due to its well-known and potentially fatal toxicity profile, which includes neurotoxicity, hepatotoxicity, hematotoxicity, and cardiotoxicity (Razavi and Karimi, 2016). The interaction of oxidative stress and the production of free radicals from DOX's very reactive and toxic secondary metabolites is primarily responsible for its toxicities (Razavi and Karimi, 2016).

Many natural compounds, including phenols and flavonoids, which are very intriguing for their antioxidant qualities, may be found in medicinal plants (fruits, vegetables, medicinal herbs, etc.) (Wong et al., 2006). The avocado, as it is usually called, is a Central American edible fruit that may be readily adapted to tropical climates (Leite et al., 2009). Because of its high nutritional content, which includes vitamin K, dietary fiber, potassium, folic acid, vitamin B6, vitamin C, copper, and moderate calorie level, avocado is regarded as the healthiest fruit in the world. It has been shown to have significant amounts of good, useful fats, making it one of the most recommended fruits, a diet for bodybuilding, and a medication for ailments linked to cholesterol. (Marengo, 2023). An underutilized resource, avocado seeds make up 16% of the weight of an avocado (Ramos-Jerz, 2007). Numerous groups of natural chemicals, including phytosterols, triterpenes, fatty acids, furanoic acids, abscisic acid, proanthocyanidins, flavonoids, and polyphenols, have been discovered by phytochemical analyses of avocado seeds (Bangar et al., 2022; Ding et al., 2007). The bioactivities of avocado seed extracts, which have many traditional uses in dermatology, have been studied. These include anti-hyperglycemic, anti-cancer, anti-inflammation, antihypercholesterolemia, anti-oxidant, anti-microbial, and anti-neurogenerative properties (Bangar et al., 2022). In male rats given doxorubicin, P. americana seed extract was demonstrated to lower blood LDL, raise HDL, and have an anti-dyslipidemic impact (Ejiogu et al., 2025). The exploring potential of the plant seed as a promising source of natural bioactive components can develop a novel product with added value and a safe alternative to synthetic compounds (Bangar et al., 2022). This study has been undertaken to evaluate the cardioprotective potentials of ethanolic seed extract of P. americana on doxorubicin-induced male wistar rats.
2.0 Materials and Methods

2.1 Materials

2.1.1 Plant sample procurement and identification

Mature avocado fruits were obtained from Eke Amobi rural market in Otolo Nnewi Anambra state, Eastern Nigeria. The seed was separated from the pulp, and was authenticated by a taxonomist from Botany department Nnamdi Azikiwe University, with Habarium number, NAUH-183A 
2.1.2 Experimental animals

Thirty-six male wistar rats were obtained from the animal facility of the Faculty of Basic Medical Sciences. They were acclimatized for 2weeks, in the animal house, kept in laboratory cages and allowed free access to standard rat feed and water.

2.1.3 Ethical consideration

Ethical clearance was obtained from Animal Research Ethics Committee, Nnamdi Azikiwe University, Awka Anambra State, Nigeria with the reference number NAU/AREC/2024/0068. “All authors hereby declare that "Principles of laboratory animal care" (NIH publication No. 85-23, revised 1985) were followed, as well as specific national laws where applicable.
2.1.4 Chemicals

All chemicals used for the study were of analytical grade, and was obtained from Sigma Aldrich.

Methods

2.2.1 Preparation of plant material

The avocado seed was prepared according to the method performed by Egbuonu et al. (2018). The avocado seed was sun-dried and milled, and the powder extracted with cold maceration using 90% ethanol in ratio 1:2 solid to solvent. Afterwards, the extract was filtered using a linen. The filtrate was concentrated at 60℃ using a water bath and dried at 50℃ with an oven.

2.2.2 Experimental Design

The animals were divided into six groups as follows

(A) Normal group; was treated with regular feed and water; 

(B) Negative control group; was treated with 4 mg/kg b.wt of doxorubicin via intraperitoneal weekly for five weeks 

(C) Positive control group; was treated with Vitamin E 100mg/Kg b.wt alternative days, and also 4 mg/kg b.wt of doxorubicin via intraperitoneal weekly for five weeks 

(D) Treatment group I; was treated with 400 mg/kg b.wt of ESEPA alternative days and 4 mg/kg b.wt of doxorubicin via intraperitoneal weekly for five weeks 

(E) Treatment group II; was treated with 800 mg/kg b.wt of ESEPA alternative days and 4 mg/kg b.wt of doxorubicin via intraperitoneal weekly for five weeks 

(F) Treatment group III; was treated with 1200 mg/kg b.wt of ESEPA alternative days and 4 mg/kg b.wt of doxorubicin via intraperitoneal weekly for five weeks

ESEPA = Ethanolic seed extract of Persea americana.

On the last day of animal model treatment, all groups were fasted for 18 hrs and then their samples taken for analyses.

2.2.3 Sample collection and preparation

At the end of the experiment, all animals were sacrificed under anesthesia, and blood samples of the animals were collected via ocular puncture, centrifuged at 3000 rpm for 15 min at room temperature to obtain the serum for biochemical analyses. Heart tissues of the rats were also obtained and stored in 10 % formalin at room temperature for histological examination.
2.2.4 Estimation of creatine kinase- MB activity 

Creatine kinase activity was determined according to the method described by (Neumeir, 1981) in the CK-MB kit.

Principle 

The sample is incubated in the CK-MB reagent which includes the anti-CK-M antibody. The activity of the non-inhibit CK-B is then determined using the following series of reactions: 

CK ADP + Creatine Phosphate ——————> Creatine + ATP 

ATP + Glucose ———————> - ADP + Glucose-6-phosphate 

G-6-P + NAD+ ————————> 6-Phosphogluconate + NADH + H+ 

CK-B catalyzes the reversible phosphorylation of ADP, in the presence of Creatine phosphate, to form ATP and creatine. The auxiliary enzyme hexokinase (HK) catalyzes the phosphorylation of glucose by the ATP format, to produce ADP and glucoses-phosphate (G-6-P) is oxidized to 6-phosphogluconate with the concomitant production of NADH. The rate of NADH formation, measured at 340nm, is directly proportional to serum CK-MB activity.

Procedure

Approximately 1000µl of CK-MB reagent and 50µl of the sample were added into a test tube. The mixture was mixed and incubated at 37oC. The absorbance was measured after 300seconds. Two additional absorbance were taken at 1 min interval. The mean absorbance change/minutes (AA/min) was calculated. The change in absorbance/ minute was multiplied by factor 3376 that is equal to CK-MB.

2.2.5 Estimation of lactate dehydrogenase (LDH) 

Estimation of Lactate dehydrogenase activity was done according to the method of (King, 1965).

Principle 

The lactate is acted upon by lactate dehydrogenase to form pyruvate in the presence of NAD. The pyruvate forms pyruvate phenyl hydrazine with 2,4 dinitrophenyl hydrazine. The colour developed is read in a spectrophotometer at 440nm.

Procedure

About 1.0 ml of LDH reagent was pipetted into a test tube and pre-warmed at 37oC for 5 mins. Thereafter, 25µl of the sample was added, mixed and incubated at 37oC for 1 min. After 1 min, the absorbance was read at 340 nm and tubes were returned to 37oC. The absorbance reading was repeated every minute for two (2) mins. The mean absorbance change/minutes (AA/min) was calculated. The change in absorbance/ minute was multiplied by factor 6592 that is equal to LDH in U/L. 
2.2.6 Troponin I assay

Troponin I was determined following the procedure described by the manufacturer in the troponin I kit (Monobind Inc., USA).
Principle

Immunoenzymometric assay (Type 3) is involved here. In this procedure, the immobilization takes place during the assay at the surface of a microplate well through the interaction of streptavidin coated on the well and exogenously added biotinylated monoclonal anti-Troponin-I antibody. Upon mixing biotin labelled monoclonal antibody, the enzyme-labelled antibody and a serum containing the native antigen reaction results between the native antigen and the antibodies, without competing or steric hinderance, to form a soluble sandwich complex. Simultaneously, the complex is deposited to the well through the high affinity reaction of streptavidin and biotinylated antibody. After sufficient time of reaction, the antibody-bound fraction is separated from unbound antigen by decantation or aspiration. The enzyme activity in the antibody-bound fraction is directly proportional to the native antigen concentration. 

Procedure

The microplates’ wells were formatted for calibrator, control and sample to be assayed. Approximately 25µl of the appropriate calibrators, controls and samples were pipetted into the assigned wells. Next, 100µl of Troponin-I enzyme reagent was added to each of the wells. The microplate was swirled gently for 20-30 seconds to mix, covered with a plastic wrap, and incubated for 15 mins at room temperature. Thereafter, the contents of the microplate were discarded by decantation. About 350µl of wash buffer was added followed by decantation. This was repeated two additional times for a total of three washes. Then, 100µl of working substrate solution was added to all wells, incubated at room temperature for 15 mins. A stop solution was added to each well and mixed gently for 15-20 seconds. The absorbance of each well was read in a microplate reader at 450nm. The Troponin-I concentration of the sample was read from a linear plot absorbance of the serum reference versus the corresponding Troponin-I concentration in ng/ml.
2.2.7 Histological examination

This was done using a known standard method according to Paola et al. (2010) by the use of hematotoxylin and eosine staining technique.
Principle

The principle behind Hematoxylin and Eosin stain is the chemical attraction between tissue and dye. Hematoxylin, a basic dye imparts blue-purple contrast on basophilic structures, primarily those containing nucleic acid moeties such as chromtatin, ribosomes and cytoplasmic regions rich in RNA. An acidic eosin, counterstains the basic elements such as red blood cells, cytoplasm, muscle and collagen in varying intensities of pink, orange and red.

Procedure

Ten percent formalin-fixed paraffin-embedded sections of heart tissues of various groups of rats were cut into 4mm thick and were mounted into slide with cover slips. Sections for histological studies were stained with hematoxylin and eosin and Malloy trichrome stain. The slides were viewed using a microscope and photomicrographs of the heart sections taken. 

2.2.8 Statistical analysis

Results obtained were expressed as Mean±SEM. One-way analysis of variance (ANOVA) was used to analyze data using statistical product for services and solutions (SPSS) version 25. Duncan multiple range test was used as post-hoc tool to compare the means at P=0.05 significance level.

3.0 Results
Table 1 showed the changes in the body weights and heart weights of the rats over the period of the treatments. Control (group A) showed the highest relative heart weight (0.41±0.024g) while the doxorubicin test control (group B) showed the least relative heart weight (0.034±0.019). The DOX+Vit E group (group C) and DOX+Extract 400mg/Kg b.wt (group D) showed reductions less than the normal control but higher than the DOX-test control (P<.05), suggesting protection by the extract. The change in body weight of DOX-Extract 1200 mg/Kg b.wt was significantly higher (P<.05) than that of the normal control. However, there were no significant differences in heart weight amongst all the groups.
Table 1: Body weights and heart weights of the animals

	Group
	Initial body wt. (g)
	Final body wt. (g)
	Change in body wt. (g)
	Heart wt. (g)
	Relative Heart wt. (%)

	Control(A)
	127.33±2.603
	171.33±11.566
	44.00±8.963CD
	0.70±0.009A
	0.41±0.024B

	DOX-Test (B)
	159.00±7.506
	181.67±15.899
	22.67±8.413ABC
	0.62±0.085A
	0.34±0.019A

	DOX + 100mg/Kg b.wt. Vit E (C)
	124.00±3.786
	166.67±10.713
	42.67±7.055CD
	0.65±0.049A
	0.39±0.013AB

	DOX + Extract 400mg/Kg b.wt (D)
	152.33±2.848
	186.33±5.175
	34.00±4.041BCD
	0.73±0.015A
	0.39±0.007AB

	DOX + Extract 800mg/Kg b.wt (E)
	170.33±8.333
	187.33±6.984
	17.00±2.082AB
	0.68±0.052A
	0.36±0.014AB

	DOX + Extract 1200mg/Kgb.wt (F)
	195.00±12.503
	206.00±8.718
	11.00±3.786A
	0.73±0.039A
	0.36±0.019AB


Each value represents Mean±SEM of triplicate determinations

Values within a column having the same uppercase letter are not significantly different at P= .05.
Table 2 showed the heart function biomarkers of the rats. The LDH value of the DOX+Extract 400 mg/Kg b.wt. was found to be non-significantly lower (P>.05) than the normal control, but significantly lower (P<.05) than the DOX+Test group. However, the DOX+Extract 800 mg/Kg b.wt. and DOX+Extract 1200 mg/Kg b.wt. showed no significant difference with the normal control (group A) and the DOX+Test group. There were no significant differences in CK-MB values amongst the groups, however the DOX+Extract 400 mg/Kg recorded a lower value than the DOX+Test group. All the groups showed no significant difference in Troponin I values. 
Table 2: Heart function biomarkers of the experimental animals

	Group
	LDH (U/L)
	CK-MB (U/L)
	Troponin I (ng/ml)

	Control(A)
	241.00±14.742AB
	4.55±1.124A
	0.36±0.051A

	DOX-Test (B)
	272.33±38.198B
	6.47±2.432A
	0.68±0.148A

	DOX + 100mg/Kg b.wt. Vit E (C)
	228.67±15.213AB
	5.42±1.888A
	0.42±0.125A

	DOX + Extract 400mg/Kg b.wt (D)
	164.00±22.121A
	5.86±1.599A
	0.59±0.202A

	DOX + Extract 800mg/Kg b.wt (E)
	207.67±30.068AB
	8.73±1.674A
	0.65±0.213A

	DOX + Extract 1200mg/Kgb.wt (F)
	210.33±6.936AB
	8.06±0.825A
	0.77±0.129A


Each value represents Mean±SEM of triplicate determination. Values within a column having the same superscript letter are not significantly different at P=.05.
Plate 1 : Microscopy of the Heart Tissues of the Experimental Animals
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A: A section of heart tissue of shows normal morphology consistent with heart histology; the cardiac muscles, fibres and cells (arrowhead) appear normal with no area of muscular injury or cellular alteration (x400 H&E)
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B: A section of heart tissue of shows normal morphology consistent with heart histology; the cardiac muscles, fibres and cells (arrowhead) appear normal but with proliferation of the myocytes (x400 H&E)
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C: A section of heart tissue of shows normal morphology consistent with heart histology; the cardiac muscles, fibres and cells (arrowhead) appear normal with no area of muscular injury or cellular alteration (x400 H&E)

D: A section of heart tissue of shows normal morphology consistent with heart histology; the cardiac muscles, fibres and cells (arrowhead) appear normal with no area of muscular injury or cellular alteration (x400 H&E).
E: A section of heart tissue of shows normal morphology consistent with heart histology; the cardiac muscles, fibres and cells (arrowhead) appear normal with no area of muscular injury or cellular alteration (x400 H&E).


F: A section of heart tissue of shows normal morphology consistent with heart histology; the cardiac muscles, fibres and cells (arrowhead) appear normal with no area of muscular injury or cellular alteration (x400 H&E).
Discussion

The P. americana extract did not show any significant effect on the heart weights and relative weights of the hearts of the animals (Table 1). This result is related to the findings of Olushola et al. (2017) who reported that there was no significant difference in heart weight amongst all the groups of the animals they studied, for P. americana leaves extract. However, the group administered with DOX+400 mg/Kg b.wt of the extract recorded the highest body weight gain. The body weight gain of the groups administered with DOX+800 mg/Kg b.wt and DOX+1200 mg/Kg b.wt of the extract were significantly lower (P<.05) than the normal group. This might be the consequence of the body's lipids breaking down, most likely due to enhanced lipid catabolism in adipose tissue (Ayoola et al., 2018). According to a similar study by Okpala et al. (2022), the anti-glycemic and hypoglycemia qualities of P. americana seed extract was thought to be responsible for the rats' decreased weight. The extract's high levels of flavonoids, catechin, and kaempferol may be responsible for this action. Without altering food consumption, kaempferol caused a metabolic impact that resulted in a decrease in body weight, so encouraging a negative energy balance (Romero-Juárez et al., 2023). Another potential participant is catechin, a flavonoid that inhibits catechol-O-methyltransferase, the enzyme that breaks down noradrenaline, to provide a sympathetic stimulatory action that promotes thermogenesis (Shixian et al., 2006). According to Velázquez-González et al. (2023), adding avocado seeds to a high-fat diet reduced the size of the mice's adipocytes. All of these results suggest that P. americana seed induces energy expenditure, which in turn increases weight reduction (Velázquez-González et al., 2023).
 Doxorubicin is linked to cardiac damage and preferentially builds up in the heart's mitochondria (Rawat et al., 2021). Doxorubicin can harm the heart muscle, which can result in a number of cardiac problems. Arrhythmias, congestive heart failure, and in extreme situations, a heart attack, can all result from this (Munir et al., 2023). A number of mechanisms might be in charge of the cardiotoxicity caused by doxorubicin. These pathways include myocyte damage, intracellular Ca+2 dysregulation, ROS formation, mitochondrial injury, and the production of inflammatory cytokines (Rawat et al., 2021; Sheibani et al., 2022; Wu et al., 2022). The doxorubicin-induced myocardial damage model showed significant biochemical alterations. These modifications demonstrated myocardial biomarker release into the circulation, inflammation of the heart muscle, and heart injury brought on by reactive oxygen species (ROS) (Boateng and Sanborn, 2013). The use of phytochemicals to treat cardiovascular disorders is on the rise since currently utilized synthetic medicines have extended half-lives and unwanted adverse effects. For a number of illnesses, natural products could be suitable substitutes for chemical agents (Alidadi et al., 2020; Soltani et al., 2021). Persea americana is one of the many plants utilized for their bioactive components across the world, and it deserves special attention.
In this study, the animals' heart functions showed that the administration of the extract in conjunction with doxorubicin decreased the values of the cardiac biomarkers evaluated; the DOX-Extract groups had lower LDH values compared to the DOX-Test and normal control groups (Table 2), and the DOX-Extract 400 mg/Kg b.wt. was found to be significantly (P<0.05) lower in LDH value compared to the DOX-Test group, and non-significantly (P>0.05) lower in CK-MB and Troponin I values compared to the DOX-Test group. Therefore, the ethanolic extract of P. americana seeds at 400 mg/Kg b.wt. exerted cardioprotective effects by attenuation of DOX-induced myocardial injuries, indicating that avocado seeds could preserve membrane integrity, thereby limiting the leakage of cardiac enzymes (Emam and Hegazy, 2015). The cardioprotective action of the seed extract of Persea americana may be ascribed to the presence of antioxidants such as flavonoids in the extract. Flavonoids have a powerful anti-inflammatory effect that causes intact and prevent degeneration and inflammation of myocardial cells and preserve the cardiac enzymes (Hasnat et al., 2024; Ibrahim et al., 2021), which thus obviously appeared on the reduction of CK-MB, troponin I, and LDH levels, in the extract treated groups compared with untreated one in the current study. This result is similar to the findings of Ude and Agbafor (2018) who reported that leaf and seed extracts of P. americana reduced the levels of LDH, creatinine kinase and Troponin I in carbon tetrachloride induced rats. And in accordance with the findings of Shamlam (2021) on the cardioprotective effects of aqueous and ethanolic extracts of P. americana on doxorubicin-induced rats in a two weeks study. Moreover, Hosseini et al. (2022) reported cardioprotective effect of Rheum turkestanicum against doxorubicin-induced toxicity in rats. The result of the present study also revealed that the CK-MB and Troponin I values of the DOX+Extracts 1200 mg/Kg b.wt. group as well as the CK-MB value of the of the DOX+Extract 800 mg/Kg b.wt. group were found to be higher than those of DOX+Test group. This increase could be attributed to the presence of certain constituent of the extract that contributed cardiotoxic effects at those concentrations. Singh et al. (2010) reported that the leaves, bark, seeds, and skin of the avocado fruit can be toxic to animals like goats, horses, and mice, among others, because they contain persin, a toxic fatty acid that can cause myocardial injury at significant amounts (Oelrichs et al., 1995; Singh et al., 2010) Ude and Agbafor (2018), however, found that the most effective cardioprotective effect was obtained at a dose of 600 mg/kg b.wt. Zakariya et al. (2016) reported that administration of 500 mg/Kg b.wt. of aqueous and phenolic extracts of avocado seed daily caused some hepatotoxic effects. A study by Imafidon and Amaechi (2010), revealed that administration of 500 mg/Kg of aqueous extract of P. americana seed produced the best effect in the enhancement of lipid profile status of hypertensive rats, thus, the dose may be beneficial for management of cardiovascular diseases.

Histological examination of the hearts of the animals revealed that normal control group showed normal heart histology with no area of muscular injury or cellular damage. The Cardiac architecture of the DOX+Test group appeared normal but with proliferation and congestion of the myocytes. This is attributed to the cardiotoxic effects of the doxorubicin. Doxorubicin can cause harm to the heart muscle, resulting in a number of cardiac problems (Munir et al., 2023). The myocardial structure of Vitamin E and DOX+Extracts groups were found to be normal with no muscular or cellular damage. This indicated cardiovascular amelioration property of the extracts and Vit E against doxorubicin toxicity. The result of the present study clearly revealed that ethanolic seed extract of P. americana modulated most of the biochemical and histopathological parameters to normal status in doxorubicin treated rats.
Conclusion

This result revealed that the ethanolic seed extract of P. americana possesses significant protective effect against doxorubicin-induced cardiotoxicity in wistar rats. This beneficial effect may be attributed to the single or combined activities of the bioactive constituents present in the extract. These findings support the therapeutic values attributed to P. americana.
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