


Therapeutic Potential of Agaricus bisporus Extract against Oxidative Stress in Isoproterenol-Induced Myocardial Infarction: an experience with wistar rats


ABSTRACT
Background: Agaricus bisporus (A. bisporus) is an edible mushroom native to grasslands in Europe and North America. A. bisporus, commonly known as white button mushroom (WBM), is widely grown in most countries, especially in United States, Australia and Nigeria. Traditionally, this fungus is used in the treatment of heart diseases and it has also been found effective against cancer, cholesterol reduction, stress management, insomnia, asthma, allergies and diabetes. 
Aim: The present research was designed to evaluate the therapeutic potential of Agaricus bisporus extract against oxidative stress in isoproterenol-induced myocardial infarction.
Materials and Methods: Thirty (30) wistar rats of both sexes weighing approximately 180 g were randomly grouped into five groups of six animals per group, per cage. Groups A, B and C animals were designated as Agaricus bisporus treatment group and were pre-treated with the ethanol extract at 100 mg/kg, 200 mg/kg and 400 mg/kg respectively, for 14 days and thereafter 0.2 ml isoproterenol (ISO) at 150 mg/kg was injected intraperitoneally at an interval of 24 h on the 15th and 16th day. Group D animals were designated as isoproterenol control and were administered 0.2 ml of 10 mg lisinopril for 14 days and thereafter 0.2 ml isoproterenol (ISO) at 150 mg/kg was injected intraperitoneally at an interval of 24 h on the 15th and 16th day while group E animals (designated as vehicle control group) were administered 0.2 ml distilled water for 14 days; and on the 15th and 16th day, 0.2 ml isoproterenol (ISO) at 150 mg/kg was injected intraperitoneally at an interval of 24 h. At the end of the experimental period, the animals were anesthetized with chloroform vapor and sacrificed. A 5 ml sterile syringe with needle was used for blood collection through cardiac puncture and the sera obtained were used for bioassay studies. Assay of superoxide dismutase (SOD), catalase (CAT), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities as well as malondialdehyde concentrations were carried out with standard assay kit sourced from Randox laboratories Ltd, United Kingdom with maximum adherence to the manufacturer’s instruction. Results: Figures 3 to 7 showed the result of this research. The result shows a significant increase (P<0.05) in all the parameters - SOD activities, catalase activities, MDA concentration, AST activities, and ALT activities (Figures 3, 4, 5, 6, and 7) in the groups treated with Agaricus bisporus extracts  (groups A, B, and C) in a dose-dependent manner when compared to the standard control group (group D) and the untreated control group (group E).
Conclusion: The outcomes of this research have shown that the administration of Agaricus bisporus extract (ABE) significantly modulated key oxidative stress markers and liver enzymes in isoproterenol-induced myocardial infarction in Wistar rats.
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INTRODUCTION
Myocardial infarction (MI), simply known as a heart attack has been a major leading cause of mortality and morbidity in the world [1, 2]. Necrosis of heart muscle due to prolonged ischemia, which is irreversible, is a biomarker for this condition; leading to oxidative stress and following cardiac dysfunction [3]. Oxidative stress, an imbalance marked by the over-production of reactive oxygen species (ROS), plays an important role in the abnormal physiology of the myocardium, aggravated cellular damage and inflammation [4]. Indigenous medicinal approaches, otherwise called traditional medicine, place its center on reperfusion and pharmacological interventions; however, side effects and incomplete efficacy limit these methods [5]. As a result, there is a surge in the interest to explore alternative therapeutic strategies, including natural antioxidants, to alleviate oxidative damage and improve cardiac outcomes.
Agaricus bisporus, commonly known as the white button mushroom, has gained attention for its potential health benefits, due to its rich composition of bioactive compounds such as polysaccharides, polyphenols, and many oxidative damage-reducing bioactive compounds including alkaloids, flavonoids, steroids, terpenes, and phenolics [6]. Despite these promising attributes, the therapeutic potential of Agaricus bisporus extract (ABE), specifically in the context of countering oxidative stress induced by MI is still being investigated.
In view of these observations, the goal of this study is to evaluate the cardio-protective effects of Agaricus bisporus against oxidative stress in isoproterenol-induced myocardial infarction in Wistar rats. 
Isoproterenol, a synthetic catecholamine, is widely used to induce myocardial infarction for experimental purposes, due to its ability to mimic the biochemical and pathological changes observed in human myocardial damage [7]. By assessing the biochemical parameters in ABE-treated rats, this research seeks to shed light on the potential mechanisms underlying the cardioprotective effects of ABE, thereby contributing to the development of novel therapeutic approaches for myocardial damage management.
MATERIALS AND METHODS 
Sample Collection and Preparation  
Fresh sample of Agaricus bisporus were purchased from a market at Asaba, Delta State, Nigeria. Identification and authentication of the fungi was carried out at the Department of Botany, Nnamdi Azikiwe University, Awka and a voucher specimen was deposited at the herbarium of the Department for future references. The samples were thereafter shredded with a knife and oven-dried at 40oC in order to get rid of the moisture as well as preserve the bioactive compounds. The dried sample was pulverized using a laboratory blender and the fine powders obtained was weighed and stored in an air-tight container at room temperature for further use.

Extraction of Plant Materials  
The weighed powdered sample (200.60 g) was then used for the extraction with a solvent combination of ethanol and water (7:3) (2000 ml) for 72 hr via maceration in an unheated medium. The mixture was decanted and filtered using sterile Whatman paper No. 1. The filtrate was there after evaporated to dryness with the aid of a rotary evaporator set at 50 oC to obtain crude ethanol extract which was carefully preserved for further analysis. The method of Nkafamiya et al [8] was used to calculate the yield (10.05 g) of the crude extract using the formula below:  
Percentage yield =         × 100

ANIMAL STUDIES 
Procurement of study animals  
Wistar albino rats (30) weighing approximately 180 g were purchased from Chris Farm Ltd Mgbakwu, Awka, Anambra State and were brought to the animal house of the Department of Applied Biochemistry, NnamdiAzikiwe University, Awka. The rats were kept in standard cages with saw dust as bedding, and at standard room temperature as well as standard housing conditions of 12:12 light: dark cycles and fed with standard rat pellets and water ad libitum. The animals were allowed to acclimatize to the new environment for seven days.  
Dose preparation and treatment  
The hydro-ethanolic extract of Agaricus bisporus was prepared with distilled water in three divided doses (100, 200, and 400) mg / kg, lisinopril (10 mg/kg) was used as a reference drug and distilled water was used as a vehicle for the untreated group. The animals were administered the extract and drug orally for fourteen consecutive days concurrently prior to the induction with water per osand feed ad libitum. 
Experimental design 
The animals were randomly grouped into five, with six animals in each group, and the treatment was as follows: Groups A, B and C animals were designated as Agaricus bisporus treatment group and were pre-treated with the ethanol extract at 100 mg/kg, 200 mg/kg and 400 mg/kg, respectively, for 14 days and thereafter 0.2 ml isoproterenol (ISO) at 150 mg/kg was injected intraperitoneally at an interval of 24 h on the 15th and 16th day. Group D animals were designated as isoproterenol control and were administered 0.2 ml of 10 mg lisinopril for 14 days and thereafter 0.2 ml isoproterenol (ISO) at 150 mg/kg was injected intraperitoneally at an interval of 24 h on the 15th and 16th day while group E animals (designated as vehicle control group) were administered 0.2 ml distilled water for 14 days; and on the 15th and 16th day, 0.2 ml isoproterenol (ISO) at 150 mg/kg was injected intraperitoneally at an interval of 24 h. 
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Fig. 1: Procedure for the extraction of Agaricus bisporuscrude extract
Collection of blood sample  
At the end of the experimental period, the animals were anesthetized with chloroform vapor and sacrificed. A 5 ml sterile syringe with needle was used for blood collection through cardiac puncture and the sera obtained were used for bioassay studies.
Biochemical assays  
Assay of superoxide dismutase (SOD), catalase (CAT), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities as well as malondialdehyde concentrations were carried out with standard assay kit sourced from Randox laboratories Ltd, United Kingdom with maximum adherence to the manufacturer’s instruction. 
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Fig. 2: Experimental design of the study (in vivo)

DATA ANALYSIS  
The results obtained in this research were expressed as Mean ± SEM of triplicate determinations within each group. One-way analysis of variance (ANOVA) was carried out on the results and significance was accepted at p<0.05. GraphPad Prism5 Program (GraphPad Software, San Diego, CA, USA) was used for the graphical analyses of the results obtained. 

RESULTS
Figures 3 to 7 shows the result of this research. The resultshows a significantincrease (P<0.05) in all the parameters - SOD activities, catalase activities, MDA concentration, AST activities, and ALT activities(Figures 3, 4, 5, 6, and 7) in the groups treated with Agaricus bisporus extracts  (groups A, B, and C) in a dose-dependent manner when compared to the standard control group (group D) and the untreated control group (group E).
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Figure 3: Effect of oral administration of the leaf extract of Agaricus bisporuson superoxide dismutase (SOD) activities in wistar rats induced with acute myocardial infarction
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Figure 4: Effect of oral administration of the leaf extract of Agaricus bisporus on catalase (CAT) activities in wistar rats induced with acute myocardial infarction
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Figure 5: Effect of oral administration of the leaf extract of Agaricus bisporus on malondialdehyde (MDA)concentration in wistar rats induced with acute myocardial infarction
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Figure 6: Effect of oral administration of the leaf extract of Agaricus bisporus on Aspartate aminotransferase (AST) activities in wistar rats induced with acute myocardial infarction
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Figure 7: Effect of oral administration of the leaf extract of Agaricus bisporus on Alanine aminotransferase (ALT) activities in wistar rats induced with acute myocardial infarction







DISCUSSION
Myocardial infarction as a major clinical condition has its pathophysiology to involve complex biochemical and molecular mechanisms, with oxidative stress being a critical contributor [9]. Reactive oxygen species (ROS) produced during cardiac ischemic episodes lead to lipid peroxidation, protein oxidation, and DNA damage, which collectively enhance cardiac dysfunction [10]. Therefore, exploring non-artificial compoundswith antioxidative properties such as mushroom shows a promising therapeutic strategy to mitigate oxidative damage and improve cardiac outcomes. Agaricus bisporus, a widely consumed mushroom, has shown potential health benefits, including antioxidative and cardioprotective effects [11], owing to its rich content of bioactive compounds such as polysaccharides, polyphenols, and antioxidants [12]. Natural antioxidants such as polyphenols, flavonoids, carotenoids and curcumin among others, play a crucial role in protecting against myocardial infarction by reducing oxidative stress and inflammation, preventing lipid peroxidation and cell damage, enhancing endothelial function as well as protecting against ischemia-reperfusion injury. Cells contain a large number of these antioxidants to prevent or repair the damage caused by ROS, as well as to regulate redox-sensitive signaling pathways. The main objective of this study is to screen the antioxidant impact of Agaricus bisporus in Wistarrats with oxidative stress that was caused by myocardial infarction. Using research results and data analysis from oxidative stress markers such as superoxide dismutase (SOD), catalase, MDA and liver enzymesin isoproterenol-induced myocardial infarction in Wistar rats, the following observations were made.
Superoxide dismutase (SOD) is an important enzymatic antioxidant that catalyzes the conversion of oxygen (O2) to hydrogen peroxide (H2O2) and helps maintain the redox balance by diffusing the superoxide. SODs constitute a very important antioxidant defense against oxidative stress in the body. The enzyme acts as a good therapeutic agent against reactive oxygen species-mediated diseases.Therapeutically, increasing the levels of SOD could be an important treatment strategy in oxidative stress-induced pathology [13]. The result of this study indicates that the administration of Agaricus bisporus extract significantly increased SOD activities in a dose-dependent manner, indicating enhanced antioxidative defense mechanisms, as shown in figure 3. This observation correlates with previous studies that provided the antioxidative potential of Agaricus bisporus extract in various pathological conditions [14]. The increase in SOD activity is a suggestion that Agaricus bisporus extractmay up-regulate the expression or activity of SOD enzymes, thereby reducing the burden of superoxide radicals in myocardial tissues [15]. Enhanced SOD activity is crucial for protecting cardiomyocytes from oxidative damage and preserving myocardial function during ischemic episodes [16].
Catalase (E.C. 1.11.1.6) (CAT) is one of the most important antioxidant enzymes, which is present in almost all aerobic organisms. Catalase is another antioxidant enzyme that breaks down two hydrogen peroxide molecules into one molecule of oxygen and two molecules of water in a two-step reaction,thus preventing the accumulation of harmful ROS [17]. The first step of the reaction mechanism involves the formation of a spectroscopically distinct intermediate compound, which is a covalent oxyferryl species (FeIVO), having a porphyrin π-cation radical, through the reduction of one hydrogen peroxide molecule [17]. In the second step reaction, a compound is reduced through redox reactions by a two-electron transfer from an electron donor (the second molecule of hydrogen peroxide) to produce the free enzyme, oxygen, and water. The results of catalase activity in figure 4indicated a significant increase in CAT activities of Agaricus bisporus extract-treated groups, further supporting the antioxidative properties of the extract. The dose-dependent enhancement of CAT activity suggests that Agaricus bisporus extract do not only boosts the dismutation of superoxide radicals by SOD but also efficiently eliminates hydrogen peroxide through catalase activity, thus providing broad protection against oxidative stress. This combined enhancement of SOD and CAT activities highlights the potential ofAgaricus bisporus extract to modulate the antioxidant defense system, which is crucial for mitigating ischemia reperfusion injury that can result to myocardial infarction issues [18].
Malondialdehyde acid (MDA), which is a biomarker and byproduct of lipid peroxidation, is generated when oxygen-derived free radicals surround and break-down polyunsaturated fatty acids [19]. MDA is a known oxidative stress marker for coronary artery disease (CAD) such as myocardial infarction. Elevated levels of MDA indicate increased lipid peroxidation, which can compromise cell membrane integrity and exacerbate myocardial damage [20]. Moreover, it has been reported that MDA levels increased three-fold in acute myocardial infarction (AMI) patients compared to a control group. The result in figure 5showed that there was a significant increase in MDA concentration in the ABE-treated group, particularly at a dosage of 200 mg/kg. It is known that increased oxidative stress and decreased antioxidant defense play major roles in the pathogenesis of cardiovascular diseases [4, 11]. Thus, the inconsistent increase in MDA may reflect a complex interplay between ROS production and antioxidant defense mechanisms. While Agaricus bisporus extractenhances antioxidative enzyme activities, the elevated MDA levels could be due to an initial surge in lipid peroxidation before the antioxidative defenses are fully activated or a potential pro-oxidant effect at certain dosages. Hence, further investigation is needed to make clear the accurate mechanisms and optimal dosages for minimizing oxidative damage while maximizing the antioxidative benefits.
It is well known that aminotransferase, which was composed of alaline aminotransferase (ALT) and aspartate aminotransferase (AST), is the main marker of liver damage. The former only exists in the liver, while the latter distributes in the liver and myocardial tissue. Aspartate aminotransferase (AST) is an enzyme released into the bloodstream upon myocardial injury, serving as a biomarker for cardiac damage [4]. The significant increase of AST activities in Agaricus bisporus extract-treated groups in figure 6suggests a potential side effect of the extract at higher dosages, however, more efficient in mitigating myocardial damage at lower dosages. While AST is primarily a marker of myocardial injury, its elevation could also indicate hepatocellular damage or increased metabolic turnover in response to oxidative stress [21]. The dose-dependent increase in AST activities makes it necessary for a careful evaluation of the therapeutic window for ABE to ensure cardioprotective effects without aggravating myocardial or hepatic injury [16, 22].
Identical to aspartate aminotransferase (AST), Alanine aminotransferase (ALT) is another enzyme indicative of hepatic injury, with its elevation frequently linked to hepatocellular damage [4]. The results in figure 7showed a significant increase in ALT activities in the Agaricus bisporus extract-treated group, predominantly at a dosage of 200 mg/kg. This increase in ALT could be a consequence of the systemic effects of isoproterenol-induced oxidative stress or a direct hepatotoxic effect of the extract that was bound to occur at certain dosages. AlthoughAgaricus bisporus extractexhibits antioxidative properties, its effect on liver enzymes underscores the need for thorough toxicity studies to determine safe and effective. This is important because there is a need to balance the antioxidative benefits of Agaricus bisporusextractwith potential hepatotoxic risks, which is crucial for the therapeutic application of Agaricus bisporus extractin managing myocardial infarction.

CONCLUSION
The outcomes of this research have shown that the administration of Agaricus bisporus extract (ABE) significantly modulated key oxidative stress markers and liver enzymes in isoproterenol-induced myocardial infarction in Wistar rats. The dose-dependent increase in SOD and CAT activities highlights the antioxidative potential of Agaricus bisporus extract, making obvious its capability to enhance the antioxidant defense system and mitigate oxidative damage that resulted from myocardial infarction. However, the paradoxical increase in MDA levels and the elevation of AST and ALT activities at certain dosages call for further investigation to optimize the therapeutic window or factors that may have contributed to the inconsistencies. These findings contribute to the growing body of evidence supporting the therapeutic potential of Agaricus bisporus extract in managing oxidative stress-related pathologies, with possibilities for developing novel interventions for myocardial infarction.
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