Cardioprotective Effect of Methanolic Extract of Magnifera Indica (Mango) Seed Flour on Acetaminophen-Induced Cardiotoxicity in Albino Rats
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Abstract :  This study evaluated the effect of methanol extract of mango (Magnifera indica) seed flour on acetaminophen-induced cardiotoxicity in albino rats. Twenty four (24) male and female albino rats were divided into 6 groups consisted of 4 rats: a)Group1: Control group (no induction and treated with distilled water only);b) Group 2 (acetaminophen-induced and untreated); c) Group 3 (acetaminophen-induced and pre-treated with 1.2mg/kg b.w Aspirin); Groups 4, 5 and 6 (acetaminophen-induced and pre-treated with 200, 400 and 800mg/kg b.w of M. indica extract respevtively). Acetaminophen induced toxicities were applied to rats in groups 2-6 (2g/kg body weight of acetaminophen) on day 7.Phytochemical analyses of the extract, biochemical parameters; lactate dehydrogenase, creatinine kinase, blood glucose, AST, ALP, ALT, bilirubin, total protein, albumin and globulin concentrations were determined using standard methods. Phytochemical analysis revealed the presence of alkaloids, saponins, hydrogen cyanide and tannins. The LDH concentration of rats in the groups 4, 5 and 6 showed a significant (p<0.05) decrease compared to group 2. There was also a decrease in concentration of CK-MB in groups 4, 5 and 6 compared with the untreated group 2. A significant increase (p<0.05) was observed in blood glucose levels of rats in group 1 compared with rats in group 4 and 6.  A significant (p<0.05) decrease was observed in ALT and bilirubin levels of rats in groups 5 and 6 compared with those in group 2. Furthermore, a significant (p < 0.05) increase was observed in total protein and albumin levels in groups 4 and 5 compared with those in group 2. The results of this study therefore suggest that the methanol extract of mango seed flour may possess cardioprotective potentials on acetaminophen-induced cardiotoxicity in albino rats.
Keywords: Magnifera indica seed flour, cardiotoxicity, acetaminophen, phytochemicals, methanol extract. 
 

Research Article
[bookmark: _GoBack]Journal of Medical Research and Health Sciences
ISSN: (Print) 2589-9023 | (Online) 2589-9031
www. http://jmrhs.info
Received: 05 May 2019                                                                         Accepted: 20 May 2019

Chinelo Edokwe / Cardioprotective Effect of Methanolic Extract of Magnifera Indica (Mango) Seed Flour on Acetaminophen-Induced Cardiotoxicity in Albino Rats

624                                                    Journal of Medical Research and Health Sciences Volume 2 issue 5, May, 2019

625                                                         Journal of Medical Research and Health Sciences Volume 2 issue 5, May, 2019
Introduction
Mango is a very common tropical fruit usually found in Southern Asia, especially in Eastern India, China, Burma, Andaman Islands, Central America and in Africa. Mangoes belong to the genus Mangifera, consisting of numerous species of tropical fruiting trees in the flowering plant family Anacardiaceae. It is cultivated and grown vastly in many tropical regions and widely distributed in the world. Mango is indigenous to the Indian subcontinent and Southeast Asia, but also cultivated in many tropical regions and distributed widely in the world. Nutritionally, fruit seed is the most enriched part of fruit because it acts as a storage site of nutrients (Amritpal and Jaswinder, 2017). By breaking the hard coat of mango seed, kernel is obtained. Mango seed kernel is approximately 20 per cent of total fruit weight. It is highly loaded with nutrients. Therefore, addition of mango seed kernel flour in food products is considered a good substitute for nutritional enhancement (Amritpal and Jaswinder, 2017). About 40-50% of mango seed is wasted during processing in many parts of the world. In Nigeria, the seeds are thrown away after 

been eating constituting waste and environmental pollution (Kayode et al., 2013). The mango seed is considered waste by so many but has a very high functional and nutritional value. Based on previous studies, the nucleus of the mango seed kernel consists of some essential bioactive compounds that has acceptable physical and chemical properties, and has high protein content. Mango seed kernel contains some bioactive compounds which include carotenoids, dietary fibres, vitamin C and phenolic compounds. Carbohydrates, proteins and fats are also contained in mango seed kernel (Jahurul et al., 2015). It also contains some micro-nutrients like calcium, magnesium, phosphorus, sodium and many others (Fowomola, 2010). Mango seed kernel aids in the overall lowering of cholesterol levels, while also stimulating the metabolism and promoting weight loss, all of which can improve overall cardiovascular health (Mohdaly et al., 2011). Mango kernel contains about 15% edible oil that is comparable to soybean and cottonseed which contain about 18-20% oil (Barreto et al., 2008).  This study was aimed at determining whether or not the methanolic extract of mango seeds could have any beneficial effect on some cardiac parameters in acetaminophen induced cardio toxicity using rats as our animal model for the research.
Materials and Methodology
Materials
2.1.1	Plant material
Plant material used in this study was Magifera indica seed flour. Fresh mango seeds ( after seperating the pulp) were collected within Nsukka metropolis, in Enugu State, Nigeria.
2.1.2	Reagents and chemicals
Chemicals used in this study were of analytical grade and were obtained from commercial dealers in Onitsha, Nigeria. They include products of May and Baker (England), BDH Chemical Limited (Poole, England), and Merck (Germany). Reagents used for determining concentration of cardiac parameters were products of Randox Laboratories Limited (United Kingdom) and TECO Diagnostics (USA).
2.1.3 Equipment and instruments
Equipment and instruments used for this study were obtained from Divine Chemicals and Analytical Laboratory and Research and Energy Centre, Nsukka Nigeria. They include: centrifuge (Techmel, USA), uv/vis spectrophotometer (model; 721/722/752), laboratory oven (Techmel, USA), weighing balance (Toledo), micropipette, test tubes (Pyrex, England) and refrigerator (Haier thermocool, China).
2.1.4	Management of experimental animals
Animals used for the study were male and female albino rats of body weight 110 to 170g. The animals were obtained from Faculty of Biological Science, Animal House, University of Nigeria Nsukka. Before the experiment, the animals were acclimatized under standard laboratory condition in the animal farm of Divine Chemicals and analytical laboratory, Nsukka, Nigeria for 7 days, with free access to water and fed with pelletized growers feed ad libitum. They received human care throughout the experimental period in accordance with the ethical rules, and recommendations of the University of Nigeria committee on the care and use of laboratory animals.
2.2	Methodology
2.2.1	Method of extraction of plant materials
Fresh seed of Mangifera indica was washed in running water to remove unwanted materials, and then broken to obtain the seed kernel. The seed kernels were oven dried at 40oC for 4 days and grounded into coarse powder.  The coarse sample powder was weighed and soaked in one and half liters of methanol, stirred and allowed to stand for 48 hours. The suspension was filtered using muslin bag followed by Whatman no 42 filter paper. The filtrate was evaporated under reduced pressure and dried using a rotary evaporator at 50˚C. The concentrated extract was stored in a labelled sterile screw capped bottle at room temperature.
The percentage yield of the extract was as follows:

2.2.2	Acute oral toxicity and 50 % lethal dose (LD50) determination Procedure (Fixed dose):
The acute toxicity of methanolic seed extract of Mangifera indica was determined using mixture of a male and female albino rat (110-171g), divided into 3 groups of 3 rats each which were maintained under standard laboratory conditions. The animals were fasted 3hours prior to the experiment; animals were administered with single dose of extract and observed for its mortality during 48 h study period (short-term) toxicity. Based on short-term profile of extract, the dose of the next animals was determined (OECD 2001).
Using the normal procedure, a starting dose of 300mg/kg and 2000 mg/kg was used followed by 5000mg/kg dosing of remaining 3 animals. This level served as a limit test for this guideline; considering the safety of the extract in experimental animals. 
2.2.3	Experimental design for cardiac protective study
In the study, a total of twenty four (24) male and female albino rats were divided into 6 groups of 4 rats each, which were housed in separate cages and treated as outlined below:
Table 1: Experimental design
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Extract:  Methanol extract of M. indica seed flour (MISF).
Treatment with extract and standard drug started on day 1, after 7 days acclimatization. On day 7, rats in group 2-6 were intoxicated orally with acetaminophen (induction of cardiotoxicity). Administration of the extract and standard drug was stopped after the induction.
2.2.4	Blood sample collection and processing
On day 8, after an overnight fasting, all rats were anaesthetized under light ether anaesthesia and blood samples were collected from all the rats by ocular puncture into plain tubes and were allowed to clot for 15 min. This was then centrifuged at 4000rpm for 10min. The serum was used for biochemical analyses.
2.2.5	Quantitative phytochemical analysis of Magifera indica seed flour (El-Olemyl et al., (1994)).
2.2.5.1	 Determination of tannin ( Folin Denis colometric method of Okonkwo et al., (2009)). A total of (1 g) of mango seed flour was macerated with 20ml of distilled water and filtered. The filtrate (5 ml) was pipette into a test tube. To this,  0.3ml of 0.1N ferric chloride in 0.1N HCL and 0.3ml of 0.0008M potassium ferricyanide were added. This was mixed well. Measurement of absorbance was at 720 nm.

Tannin = Abs – blk   x      volume of solvent                                                                                                                                                         
  	    Slope                    wt of sample
Abs= Absorbance
Blk=Blank
2.2.5.2	Determination of Alkaloid 
This was determined according to the method of El-Olemyl et al., (1994). A portion (1 g) of mango seed flour was macerated with 20 ml of ethanol 20 % sulphuric acid (1:1) and filtrated.  To (1 ml) of the filtrate, 5 ml of 60 % H2SO4 was added,  mixed and allowed to stand for 3 h. Measurement of absorbance was at 490 nm. 
Alkaloid = Abs – blk    x      volume of solvent                                                                                                                                                         
  	       Slope             wt of sample
Abs= Absorbance
Blk=Blank
2.2.5.3	Determination of Saponin
This was determined according to the method of El-Olemyl et al., (1994).  A quantity, 1 g of the extract was macerated with 20 ml of petroleum ether and decanted into a beaker, it was washed again with 10 ml of petroleum ether, filtered and evaporated to dryness. The residue was dissolved in 6 ml of ethanol and transferred into 2ml test tube and 2ml of chromogen solution was added. It was allowed to stand for 30 minutes. Measurement of absorbance was at 550 nm. 
Saponin =  Abs – blk    x      volume of solvent                                                                                                                                                         
  		       Slope              wt of sample
Abs= Absorbance
Blk=Blank
2.2.5.4 Determination of Hydrogen Cyanide (HCN) 
This was determined according to the method of El-Olemyl et al. (1994).  A quantity, 1 g of the extract was macerated with 50 ml of distilled water and filtered. The filtrate (1 ml) was pipetted into a test tube containing alkaline picrate solution (4 ml) and was boiled for 5 min, it was allowed to cool at room temperature. The absorbance was taken at 490 nm.
Hydrogen Cyanide (HCN) = Abs – blk    x      volume of solvent                                                                                                                                                         
  	    		           Slope           wt of sample
Abs= Absorbance
Blk=Blank
2.2.6	Determination of Biochemical Parameters
2.2.6.1  Creatine phosphokinase 
The CPK activity was assayed using the method adopted by Okinaka et al. (1961).
2.2.6.2  Lactate dehydrogenase 
The Lactate dehydrogenase activity was assayed by the method of King and Waind (1965).
2.2.6.3 Determination of blood glucose level using a glucometer
This was done using glucose oxidase method of Marks and Dawson (1965)
2.2.6.4 Assay of aspartate aminotransferase (AST) activity
The activity of aspartate aminotransferase was assayed by the method of Reitman and Frankel (1957) as outlined in the Randox kit.
2.2.6.5 Assay of alanine aminotransferase (ALT) activity
The activities of alanine aminotransferasewas assayed by the method of Reitman and Frankel (1957) as outlined in Randox Kit.
2.2.6.6 Assay of alkaline phosphatase (ALP) activity
The activities of alkaline phosphatase were assayed by the method of Klein et al (1960), as outlined in Randox kit.
2.2.6.7 Assay of serum bilirubin concentration
The concentration of was serum bilirubin assayed by the method of Dumas et al (1971).
2.2.6.8 Assay of total protein concentration
The total protein content was determined using the method of Lubran (1978).
2.2.6.9 Assay of serum albumin concentration
Method of Doumas (1971) was used for serum albumin determination using commercially prepared Quimica Clinica Applicada (QCA) test kit (Quimica Clinica Applicada, Spain).
2.2.6.10 Assay of serum globulin concentration
Method of Lee Rodkey (1965) was used.
2.3	Statistical analysis
The result was expressed as mean ± standard deviation and test of statistical significance was carried out using one-way analysis of variance (ANOVA). Duncan multiple test range was used to compare the group means obtained after each treatment with control values, differences were considered significant when (p<0.05).
Results and discussion
3.1	Extraction yield 
The percentage yield of the methanolic extract of the M. Indica flour was 42.86%
3.2	Quantitative phytochemical content of M. indica seed flour
Result of the phytochemical analysis showed the presence of tannins and hydrogen cyanide in relatively high concentration, while alkaloids and saponin were present in low concentrations. Studies have shown that phytochemicals  are very useful in scavenging of free radical production (Kayode et al., 2013). The presence of these phytochemicals in M. indica seed flour extract suggest it could possess some medicinal values such as hepatoprotective, antioxidant, hypolipidemic and antidiabetic properties (Rukshana, 2015).
Table 2: Phytocconstituents of secondary metabolites of Mangifera indica seed flour
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3.3	Effect of Methanol Extract of M. indica Seed Flour on Cardiac Parameters in Normal and Acetaminophen Induced Rats.
A significant (p<0.05) increase in lactate dehydrogenase was observed in group 2 (induced and untreated rats) when compared to group 1 (normal control) as seen in Table 3. This observed increase in mean serum lactate dehydrogenase concentration suggests an increased leakage from cells as a result of toxicity induced by treatment with acetaminophen. Treatment of acetaminophen induced rat with different doses of M. indica seed flour extract showed a dose-dependent significant (p<0.05) decrease in the concentration of lactate dehydrogenase in group 4, 5, and 6. Meanwhile the level of lactate dehydrogenase in rats treated with aspirin was lower compared with those treated with the extract. This finding suggests that the methanol extract of MISF may have antioxidant and cardiac protective effects against acetaminophen induced oxidative stress. This observation could be attributed to the presence of phytochemicals such as tannins, saponins and alkaloids which have been proven to be potent free radical scavengers (Panchumarthy et al., 2015).
Though there was no significant (p<0.05) difference across the groups as observed in Table 3, there was an increase in creatine kinase concentration in group 2 compared to group 1and this could be as a result of acetaminophen induced oxidative stress on cardiac tissues which could lead to lipid peroxidation of cardiac membrane and plaque thereafter, causing an increase in creatine kinase MB which can result in cardiac failure (Zrari and Mohammed, 2016). Treatment of acetaminophen induced rats with different doses of MISF extract showed a decrease in serum creatine kinase in group 4 compared with the group 2. This could be that, the plant extract activated TAG lipase, which breaks down TAG to fatty acids and glycerol leading to a decrease in creatine kinase level. However, aspirin reduced the level of creatine kinase compared to the extract at 200mg/kg, 400mg/kg and 800mg/kg b.w. This result also agrees with Laxit et al. (2017), who reported that the administration of mangiferin showed decrease in the levels of these biomarker enzymes, indicating a reparative or membrane stabilizing action of the xanthone, preventing further damage to the myocardium. Injury to the myocardial membrane causes the generation of OH-free radicals during acetaminophen metabolism. These free radicals induced lipid peroxidation, resulting in loss of integrity of the myocardial membrane and thus its function. This observation is in line with those of Fowomola (2010), who reported that M. indica contains phenolics, alkaloids and saponins.  Panchumarthy et al. (2015), also reported the presence of vitamins C and E which could serve as antioxidant against free radicals, this could be the mechanism that led to the reduction of creatine kinase and potent for hepatocytes and cardiac protection (Rukshana, 2015).
Table 3:  Cardiac parameters status of experimental animals
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Results expressed in mean ± SD (n=4); Values with different letters as superscript are across the column and are considered significant (<0.05).
3.4	Effect of Methanol Extract of M. indica Seed Flour on Blood Glucose Levels in Normal and Acetaminophen Induced Rats.
The result of the glucose level of the rats as seen in Table 4 shows a significant (p<0.05) decrease in group treated with MISF compared to the untreated group 2, this could infer an anti-diabetic property of the MISF. This result also agrees with Emmanuel et al. (2016),   having reported in a recent study that M. indica kernel flour (MISF) is a rich source of pharmacologically important flavonoids and phenolic acids, and that its methanol extract inhibits some key enzymes (α- amylase, α-glucosidase, and aldose reductase) linked to the pathology and complications of T2D in vitro. Laxit et al. (2017) also suggests that mangiferin possesses anti-diabetic effect on streptozotocin induced diabetes in mice and rats, possibly by reducing intestinal absorption of glucose.
Table 4:   Glucose level of experimental rat
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Result are expressed in mean ± SD (n=4); Values with different letters as superscript are across the column and are considered significant (<0.05).
3.5	Effect of Methanol Extract of M. indica Seed Flour on Liver Biomarkers in Normal and Acetaminophen Induced Rats.
Serum activities of AST and ALT were employed to access liver status. They are marker enzymes for liver function and are considered indicators of hepatocellular health. In this study, administration of the extract and standard drug had no significant (p>0.05) effect in the activities of aspartate aminotransferase (AST) and (ALP) but cause a significant (p<0.05) decrease in the activities of alanine aminotransferase, (ALT) 5 and 6 compared to the toxic control (group 2) as seen in Table 5. The observed increase in the activity of the enzymes for the toxic groups may be as a result of liver injury and altered hepatocyte integrity caused by paracetamol which consequently releases the enzymes into the blood stream. The administration of MISF extract tends to normalize the activity of these enzymes (ALT, AST and ALP). Treatment with extract in this study suggests that the extract may protect hepatocyte integrity of the rats. This observation is consistent with earlier report on the hepatoprotective potentials of leaf extracts of V. amygdalina in rats (Iwalokun et al., 2006).
There was a significant (p<0.05) decrease in the level of total serum bilirubin of the treated groups when compared to the toxic control (group 2). Increase in bilirubin could be a result of destruction of red blood cells (Bonnett et al., 1976). The formation of bilirubin occurs mostly in the endothelial cells in the liver and spleen. The first in the bilirubin formation begins by oxidation of heme by hemeoxygenase to form biliverdin, which is reduced by biliverdin reductase to form bilirubin (Woreta and Aulqahtanti, 2014). Therefore, elevated levels may be caused by excessive bilirubin production, which occurs in states of increase hemolytic anemia, impaired uptake, conjugation or excretion of bilirubin and release of unconjugated or conjugated bilirubin and from injured hepatocytes or bile duct (Woreta and Aulqahtanti, 2014). Treatment tends to restore the alteration in total bilirubin concentration observed in the toxic control rats.
Table 5: liver biomarkers activities on experimental rats
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Data are mean ± SD (n=4).  Values with different superscripts are significant at p<0.05ALT= Alanine aminotransaminase; AST=Aspartate aminotransaminase; ALP=Alkaline phosphatase 
3.6	Effect of Methanol Extract of M. indica Seed Flour on Serum Protein, Albumin and Globulin Levels in Normal and Acetaminophen Induced Rats.
Total protein concentration reveals a significant (p<0.05) increase in groups 3, 4 and 5 compared to the toxic control (group 2) as seen in Table 6. Low levels of total serum protein can indicate liver disorders, kidney disorders, or malnutrition (Burtis et al., 2006). The administration of mango seed extract boosted the level of protein in the treated rats. 
The albumin and globulin concentrations in this study significantly (p<0.05) reduced in toxic rats (group 2) compared to the tested groups (groups 3, 4, 5 and 6). Blood contains two main groups of proteins which are albumin and globulins. Albumin is present in higher concentration, and it help maintain blood pressure while globulins are important for the immune system. Total serum protein level is the amount of albumin and globulin in the blood (American proficiency institute, 2018). Decrease level of total serum protein concentration may be observed in conditions where the production of albumin or globulin is impaired as a result of severe liver damage or malnutrition, conditions that accelerates the breakdown or loss of serum protein due in kidney dysfunction, malabsorptive disorder, as well as condition increase plasma volume, thereby diluting the blood such as congestive heart failure. 
Table 6: Serum protein, albumin and globulin concentration of experimental rats
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Data are mean ± SD (n=4).  Values with different superscripts are significant at p<0.05
Conclusion
The previous investigations of the present study were demonstrated that the methanol extract of mango seed flour may possess cardioprotective potentials against acetaminophen-induced cardiotoxicity in albino rats and this may be attributed to the presence of some of the phytochemicals. However, this is subject to further studies.
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