


Cardio-protective Activities of Annona muricata Leaf Extract in Isoproterenol myocardial infarction-Induced Wistar Rats

ABSTRACT
Cardiovascular disease (CVD) is a severe heart condition characterized by impaired blood flow to the heart muscle, leading to tissue damage and dysfunction. Among different medicinal plants, Annona muricata is now becoming more attractive because of its therapeutic potentials, especially in the prevention and treatment of cardiovascular related disorders, particularly myocardial infarction. Hence, this study was carried out to evaluate the cardio-protective activity of Annona muricata in isoproterenol-induced myocardial infarction using animal model. Thirty (30) male wistar rats were randomly grouped into five classes (A, B, C, D and E) of six rats each. Groups A, B and C were orally pre-treated daily for fourteen (14) days with 100mg/kg, 200mg/kg and 400mg/kg of Annona muricata extract respectively. Group D was orally administered 10 mg of lisinopril (standard drug), this served as the positive control group while group E was orally administered 0.2 ml distilled water, and this served as the negative control group. All the rats were intraperitoneally induced with 150 mg of isoproterenol after fourteen days (two weeks) of pretreatment. Cardiac biomarkers (lactate dehydrogenase (LDH) and creatinine kinase (CK-MB)), were measured to assess cardiac injury, using standard method while lipid bioassay such as high density lipoprotein (HDL), low density lipoprotein (LDL) and triglycerides (TG) were assayed using standard assay kits. Results showed that rats pre-treated with Annona muricata extract showed significant effect on cardiac biomarkers compared to the control group. Results further showed a significant increase (P<0.05) in low density lipoproteins (LDL) and triglyceride levels in a dose-dependent manner (100<200<400 mg/kg body weight) among the extract treated groups when compared to the untreated control group. This study has shown that extract of Annona muricata could help to mitigate cardiovascular diseases and could be used to produce plant based products to combat myocardial infarction, and consequently improving general wellbeing.
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INTRODUCTION
“Nowadays, cardiovascular diseases (CVDs) are a leading cause of morbidity and mortality worldwide, accounting for approximately 18 million deaths annually” [1]. The pathogenesis of CVDs involves a complex interplay of various factors, including oxidative stress, inflammation, and endothelial dysfunction [2]. 
“Myocardial infarction, a common presentation of cardiovascular diseases is colloquially known as "heart attack," and it is often caused by decreased or complete cessation of blood flow to a portion of the myocardium” [3], and has continued to be a leading cause of morbidity and mortality. “This may often be "silent," and go undetected, or it could be a catastrophic event, leading to hemodynamic deterioration and sudden death” [4]. With coronary artery occlusion, the myocardium is deprived of oxygen, leading to myocardial cell death and necrosis. The clinical presentation of myocardial infarction can vary widely but typically includes chest pain, shortness of breath, cold sweats and lightheadedness [5]. 
“Isoproterenol (ISO) administration in experimental animals provide a rapid, simple, and non-invasive method to generate myocardial damage status similar to that seen in humans with acute MI. In addition, ISO produced a model that had low mortality, high reproducibility, and validity compared with other animal models, which make it more appropriate for the assessment of potential cardio-protective agents” [6]. “The main mechanism involved in isoproterenol-induction of myocardial infarction is the generation of free radicals, reactive oxygen species, lipid peroxidation, oxidative stress, and calcium overload, which lead to the alteration in membrane permeability, causing apoptosis and necrosis and finally slowing the conduction between myocardial cells, triggering alterations in heart electrical activity” [7].
Although the intervention of available synthetic drugs has been instrumental in fighting this common enemy of all, their high cost especially to the people of low-income countries as well as their debilitating side effects has continued to be a major setback. Hence, the use of plants abundant in our environment such as Annona muricata to combat this foe will be a strategy to improve general wellbeing as they have been characterized to have little or no side effects.
“Annona muricata is an essential medicinal plant that belongs to the custard apple tree family called Annonaceae. It is locally known as soursop due to the sour and sweet taste of its fruits. It is native to the warmest tropical areas in South and North America and subtropical parts of the world” [8]. Various parts of Annona muricata, such as leaves and bark, have been used for medicinal purposes. Research has shown that over 200 chemical compounds, including phenolics, acetogenins, and alkaloids have been discovered and extracted from it [8], and these have been predicted to be responsible for its many biological activity. Recent evidence suggests that the leaves of Annona muricata have shown some pharmacological properties such as anticancer, antidiarrhea, antiarthritic, antidiabetic, antidepressant, hypoglycemic as well as antileishmanial activities [9]. However, reports on its cardio-protective activity remain scanty. Hence, the need to evaluate its potential to mitigate myocardial infarction especially in wistar rats remains crucial.
Materials and Methods 
Sample Collection and Preparation 
Fresh green leaves of Annona muricata leaves were collected in July, 2024 from a farmland in Awka, Anambra State, Nigeria. Identification and authentication of the plant 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 plant material was shredded with a knife and air-dried under shade for 21 days. The dried leaf 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 (250 g) was then used for the extraction with solvent combination of ethanol and water (7:3) (2500 mL) for 48 hr via maceration. The mixture was decanted and filtered using sterile Whatman paper No. 1. The filtrate was thereafter evaporated to dryness with the aid of rotary evaporator to obtain crude ethanol extract which was carefully preserved for further analysis. The method of Nkafamiya et al. [10] was used to calculate the yield (15.16 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, Nnamdi Azikiwe University, Awka. The rats were kept in standard cages with saw dust as bedding and 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 leaf extract of Annona muricata was prepared with distilled water in three divided dose (100, 200, and 400) mg / kg, lisinopril (10 mg/kg) used as a reference drug and distilled water was used as vehicle for the untreated group. The animals were administered the extract and drug for fourteen consecutive days prior to induction with water per os and 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 A. muricata treatment group and were pre-treated with daily oral administration of 100mg/kg, 200mg/kg and 400mg/kg of the plant extract for fourteen (14) days respectively, 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 orally administered 0.2 mL of 10 mg lisinopril for 14 days daily 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 negative control group) were orally administered 0.2 mL distilled water for 14 days daily; 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 [6]. 
Biochemical Assays
High density lipoproteins cholesterol (HDL-c)
Method:
This was carried out according to the method described by Bausserman et al., [11]. 
Principle:
This was determined by measuring the amount of cholesterol remaining in the serum after precipitation of LDL, VLDL and Chylomicron by the addition of phosphotungstic acid and magnesium chloride [11]. The HDL content was measured as the remaining cholesterol in the sample solution after precipitation.
Procedure: 
The serum (200µL) was mixed with 500µL of Randox HDL reagent and allowed to stand for 10mins at room temperature. It was then centrifuged at 4000rpm for 10mins. The supernatant (100µL) was mixed with 1000µL of cholesterol reagent and allowed to stand for 10mins after which the HDL content was measured using a UV-Visible spectrophotometer.
Low Density Lipoproteins (LDL-c)
This was determined for each of the samples by using the Friedewald formula: LDL= Total cholesterol-(Triglyceride/5)-LDL.
Triglyceride
Method:
The method described by Fossati and Prencipe, [12] was used. 
Principle of Assay:  
A randox triglyceride kit was used. This was determined after enzymatic hydrolysis with lipases.
Triglyceride + H2O 		Lipases		Glycerol + fatty acid
Glycerol + ATP 		Glycerol kinase		Glycerol-3-Phosphate
Glycerol-3-Phosphate + O2	Glycerol-3-Phosphate Oxidase Dihydroxyacetonephosphate + H2O2
2H2O2 + 4-Aminophenazone + 4-chlorophenol	POD	Quimomneimine + HCl+4H2O
Procedure: 
The serum (10µL) was mixed with 1000µL of Triglyceride reagent and allowed to stand for 10mins at room temperature after which the Triglyceride content was measured using a UV-visible spectrophotometer.
Assay of Lactate Dehydrogenase (LDH) Activities
Method
Assay of lactate dehydrogenase (LDH) activities, were carried out with standard assay kit sourced from Randox laboratories Ltd, United Kingdom with maximum adherence to the manufacturer’s instruction and following the method of Takizawa et al., [13].
Principle
LDH is a stable enzyme that is present in all cell types. It is rapidly released into the cell culture medium when the plasma membrane is damaged. LDH assay is based on the ability of LDH to generate NADH by oxidizing lactate. The NADH that’s generated reacts with water soluble tetrazolium to produce a yellow color. The intensity of the yellow color correlates directly with the number of lysed cells [13]. 
Procedure
One vial of NADH (0.18mmol/l) (R1b) was reconstituted with 3 ml of Buffer/substrate (mixture of phosphate buffer, 50mmol/l, pH7.5 and Pyruvate, 0.6mmol/l)   (R1a). 2 ml of this mixture was added to 0.06ml of serum. The absorbance was read after 0.5 minutes and again after, 1, 2 and 3 minutes against a reagent blank at 340nm. The LDH activity was determined using the formula: U/L=4921 × ΔA340nm/min.
Assay of Creatine Kinase (CK-MB) Activities 
Method
Assay of Creatinine Kinase (CK-MB) activities, were carried out with standard assay kit sourced from Randox laboratories Ltd, United Kingdom with maximum adherence to the manufacturer’s instruction and following the method of Takizawa et al., [13].
Principle
In the creatine kinase assay protocol, creatine kinase (CK) converts creatine into phosphocreatine and ADP. The phosphocreatine and ADP then react with the CK enzyme mix to form an intermediate, which reduces a colorless probe to a colored product with strong absorbance at λ= 450 nm [13].
Procedure
20 μl of (R1a) was reconstituted with 3 ml of Buffer/substrate (mixture of phosphate buffer, 50mmol/l, pH7.5 and Pyruvate, 0.6mmol/l)   (R1b). 2 ml of this mixture was added to 0.10ml of serum. The absorbance was read after 0.5 minutes and again after, 1, 2 and 3 minutes against a reagent blank at 340nm. The CK-MB activity was determined using the formula: (U/L) = ΔA/min. x Factor
Data Analysis 
The results obtained in this research were expressed as Mean ± S.E.M of triplicate determinations. One way analysis of variance (ANOVA) was carried out on the results and significance was accepted at p<0.05. Graph Pad Prism5 Program (GraphPad Software, San Diego, CA, USA) was used for the graphical analyses of the results obtained.

RESULTS
The result showing the effect of oral administration of the leaf extract of Annona muricata on high density lipoprotein (HDL) levels in wistar rats induced with acute myocardial infarction is presented in figure 1. Result showed a significant increase (p<0.05) in HDL levels in extract treated group in a dose-dependent manner (100<200<400 mg/kg) body weights when compared with the untreated group (group E).
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Figure 1: Effect of oral administration of the leaf extract of Annona muricata on High Density Lipoprotein (HDL) levels in Wistar rats induced with acute myocardial infarction.










Figure 2 presents the effect of oral administration of the leaf extract of Annona muricata on low density lipoprotein (LDL) levels in Wistar rats induced with acute myocardial infarction. Result showed a significant increase (p<0.05) in LDL level of untreated control (group D) when compared with the extract treated group.
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Figure 2: Effect of oral administration of the leaf extract of Annona muricata on low density lipoprotein (LDL) levels in wistar rats induced with acute myocardial infarction













The result showing the effect of oral administration of the leaf extract of Annona muricata on triglyceride (TG) levels in Wistar rats induced with acute myocardial infarction is presented in figure 3. Result showed a significant increase (p<0.05) in triglyceride levels of untreated animals (group D) when compared with the extract-treated groups.
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Figure 3: Effect of oral administration of the leaf extract of Annona muricata on triglyceride (TG) levels in Wistar rats induced with acute myocardial infarction










The result showing the effect of oral administration of the leaf extract of Annona muricata on lactate dehydrogenase (LDH) activities in Wistar rats induced with acute myocardial infarction is presented in figure 4. Result showed a significant increase (p<0.05) in LDH activities in extract treated group in a dose-dependent manner (100<200<400 mg/kg) body weights when compared with the control groups.
[image: C:\Users\ASUS\Desktop\GROUP C RESULTS\LDH ANONA.emf]
Figure 4: Effect of oral administration of the leaf extract of Annona muricata on lactate dehydrogenase (LDH) activities in Wistar rats induced with acute myocardial infarction.











The effect of oral administration of Annona muricata leaf extract on creatine kinase-MB (CK-MB) activity in Wistar rats with induced acute myocardial infarction is shown in Table 1.0. The results indicate a significant increase (p<0.05) in CK-MB activity in the extract-treated groups in a dose-dependent manner (100 < 200 < 400 mg/kg body weight) compared to the control groups.

Table 1: Effect of oral administration of the leaf extract of Annona muricata on creatinine kinase (CK-MB) activities in wistar rats induced with acute myocardial infarction
	Groups
	Treatment
	CK-MB (IU/L)

	A
	MI plus 100 mg/kg extract
	70.35±11.05 d

	B
	MI plus 200 mg/kg extract
	95.06±14.17 c

	C
	MI plus 400 mg/kg extract
	125.54±15.23 b

	D
	MI plus 10 mg/kg lisinopril
	140.72±11.17 a

	E
	MI plus distilled water
	64.47±10.44 e


Values are mean±std
Values on the same column with different alphabet superscript are significantly different at P˂ 0.05.

Discussion
Over the years plants have been a source of therapeutic agents for a number of diseases in developing countries, particularly Nigeria. Their potentials in the treatment of diseases, especially cardiovascular disorders is partly due to several bioactive compounds inherent in them. Among this noble plants is Annona muricata; a plant that belongs to the apple tree family called Annonaceae and locally known as soursop [8]. The present study evaluates the cardio-protective activities of Annona muricata leaf extract in isoproterenol-induced wistar rats.
As evident in figure 1, there is significant increase in the High density lipoprotein (HDL) levels of the extract treated groups (A-C) in a dose dependent manner (400>200>100 mg/kg) body weight. It is a known fact that assessment of HDL level is vital cardiac health as they have been known to scavenge cholesterol and cholesterol esters from the blood, thereby inhibiting the formation of atherosclerotic plague and consequently improves heart function [2, 14]. The plant could have also improve the HDL level by improving endothelial function by stimulating the production of nitric oxide; a potent vasodilator in endothelial cells which help to relax blood vessels, improve blood flow and reduce blood pressure. The serum HDL levels in the extract treated groups as reported in this study fall within the acceptable limit of 60 mg/dL. Onwubuya et al., [2] made similar report. 
Low density lipoprotein which is often referred to as “bad” cholesterol due to its role in the development of atherosclerosis and cardiovascular diseases was assayed for and result presented in figure 2. Evidently, there was significant decrease (P>0.05) in the extract treated group in a dose dependent manner (100 mg/kg >200 mg/kg > 400 mg/kg). This is consistent with the findings of Kalu et al., [15] and Oladejo et al., [16]. Since elevated level of LDL has been associated with pathogenesis of atherosclerosis [3, 17], “the reduction in LDL levels in a dose-dependent manner (100>200>400 mg/kg) observed in the extract-treated groups compared to the untreated control (Fig. 4) suggests significant cardio-protective properties of Annona muricata. 
Another parameter worthy of note is the triglyceride. It is a type of lipid that is composed of three fatty acid chains attached to a glycerol molecule. Although they are known to serve as a source of energy for the body, their continuous elevation in the blood could increase the risk of cardiovascular disease” [18, 19]. It has been documented that serum level of triglycerides above 1000mg/dL can increase the risk of pancreatitis as well as kidney disease [18]. From the report of this study, there was a significant decrease in the serum triglyceride level of group C animal (400 mg/kg) compared with the untreated control (group E).  This is consistent with previous reports that have emphasized the efficacy of natural extracts in regulating lipid profiles [20, 21]. The increase in LDH activity observed in our study suggests an enhancement of cellular metabolism or a response mechanism to myocardial damage. LDH is an indicator of tissue damage and its elevation typically reflects ongoing cellular repair processes. The increase in LDH levels in response to the extract treatment could indicate enhanced turnover and repair of myocardial tissue, possibly facilitated by bioactive components of the extract such as its polysaccharide bioactivity, which could have protective effects against ischemic damage. This polysaccharide bioactive compound has been demonstrated to modulate immune responses and cellular metabolism, trigger cellular activity, and thereby causing an increase in LDH release as a consequence of enhanced metabolic processes [22, 23].
Creatinine kinase (CK-MB) is an important enzyme usually found in the body, and primarily in muscle tissue. It is known to play a crucial role in energy production, muscle contraction as well as relaxation. Elevated levels of creatinine kinase have been implicated in the pathogenesis of muscle damage/injury. Since the reference range of CK-MB have been documented to range between 55-170 IU/L in healthy adults, the CK-MB activities in the extract treated group falls within the normal range. Although the observed increased activity of CK-MB in the treated groups is within the reference activity range for healthy people, it is worthy to note that the increased activity of CK-MB and LDH reported in this study is at variance with that previously reported by Neng et al. [24].
Conclusion
The findings of this research have provided evidence for the cardio-protective efficacy of A. muricata leaf extract against myocardial infarction. This can be particularly drawn from its significant modulation of key biochemical parameters, including increasing high-density lipoprotein (HDL), decreasing low-density lipoprotein (LDL), particularly in the prevention and management of lipid-associated disorders, as well as triglycerides (TG). Hence, A. muricata could serve as a form of amelioration to cardiovascular diseases, specifically myocardial infarction.
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