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Abstract  

Over the past last decades there exist a relationship between diet and the development of major chronic diseases 

such as chronic heart diseases, hypertension and cancer. Mangiferin, the important phytochemical constituent of 

Mangifera indica L. has been used in the treatment of various human ailments. In this article an attempt has been 

made to evaluate the beneficial effect of mangiferin on isoproterenol induced myocardial infarction in rats. The ratio 

of heart weight to body weight was monitored as an index to study the cardioprotective property in the animal 

model. The following hematological parameters, RBC counts, haemoglobin amount, packed cell volume, total WBCs, 

neutrophil, eosnophil counts and platelet count, fibrinogen content, ESR, the percentage of lymphocytes, eosinophil 

counts, clotting time, bleeding time and prothrombin time were studied. The pretreatment with mangiferin 

prevented the alterations induced by isoproterenol and retained the hematological changes to near normal. 
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INTRODUCTION 

Among the many health predictions for the new 

millennium, the most alarming is cardiovascular disease 

(CVD) - heart disease and stroke (1,2). Myocardial 

infarction (MI) is the acute condition of necrosis of the 

myocardium that occurs as a result of imbalance 

between coronary blood supply and myocardial demand 

(3). Myocardial necrosis results in and can be recognized 

by the appearance in the blood of different proteins 

released into the circulation due to the damaged 

myocytes (4).  

Isoproterenol, (ISPH) a synthetic catecholamine and 

beta-adrenergic agonist, has been found to cause severe 

stress in the myocardium resulting in infarct like 

necrosis of the heart muscles by generating free radicals 

and stimulating lipid peroxidation, resulting in 

irreversible damage to the myocardial membrane in 

experimental myocardial infarction (5). Millions of 

adults are taking beta-adrenoreceptor blocker drugs to 

lower blood pressure, lower cholesterol, and/or to 

reduce platelet aggregation and the prescribed regimen 

must be adjusted for individual needs by modulating the 

drug dosage and selecting from a collection of possible 

drugs to yield the desired response while keeping serious 

side effects to a minimum. Among the side effects 

commonly reported are fatigues and lowered libido from 

some anti hypertensive drugs such as beta blockers (eg: 

Bisoprolol and hydrochlorothiazide) and liver damage 

from cholesterol reducers.  

Consumption of food produced with natural essential oil 

or aromatic plant extracts are proposed to prevent the 

risk of many free radical mediated diseases including 

cardiovascular diseases. They safely interact with free 

radicals and terminate the chain reaction before vital 

molecules are damaged (6). With technological 

advancement of science, the isolation, identification 
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and elucidation of chemical principles from natural 

sources have become much simpler and have 

contributed significantly to the development of new 

drugs. 

Mangifera indica Linn. (7) belongs to the family of 

anacardiaceae,. The major and important 

phytochemical in Mangifera indica is mangiferin (8). 

Mangiferin has been reported to be present in various 

parts of Mangifera indica viz. leaves (9), fruits (10), 

stem bark (11), and roots (12). Mangiferin has 

cardiotonic activity and diuretic properties (13). 

Mangiferin rich plants are widely used medicinal plants 

in the traditional Indian systems of medicine for the 

treatment of immuno-deficiency diseases such as 

arthritis, diabetes, hepatitis, cardiac and mental 

disorders (14). Mangiferin, being a polyphenolic 

antioxidant and a glucosyl xanthone, it has strong 

antioxidant, anti lipid peroxidation, immunomodulation, 

cardiotonic, hypotensive, wound healing, 

antidegenerative and antidiabetic activities (15). We 

here in attempted to study the cardioprotective role of 

mangiferin on ISPH-induced myocardial infarction in 

rats. 

Materials and Methods 

Drug 

The mangiferin powder from Mangifera indica Linn. was 

isolated and purified by HPLC according to the method 

of Ghosal and Rao (13) with slight modifications. The 

shade dried and powdered plant material of Mangifera 

indica leaves was soxhleted for 12h with petroleum 

ether at 60-80°C. The defatted plant material was 

extracted with ethanol under reflux for 16h and 

concentrated under reduced pressure to yield a semi-

solid mass. The semi-solid mass was defatted repeatedly 

and finally dissolved in ethanol at room temperature, it 

yielded an amorphous white powder after 2 weeks. After 

repeated crystallization of the powder in aqueous ethyl 

acetate, pale-yellow needle shaped crystals of 

mangiferin were obtained as a gift from Herbo Organic 

Ltd., Chennai. Purity of the compound was confirmed by 

a HPLC method as described by Geodakyan et al (16), 

using C18 column for separation. An isocratic mobile 

phase consisting of acetonitrile and 3% acetic acid (16: 

84) was used with a flow rate of 0.5 ml/min and 

photodiode array detector wavelength was set at 254 

nm. HPLC analysis of reference mangiferin purchased 

from Sigma Aldrich company showed a single peak 

(95.5%) which closely matched to its specified purity of 

isolated mangiferin (greater than 90% w/w). As 

recommended by Sigma Aldrich Company, 5g of 

mangiferin was dissolved in 100 ml of dimethyl 

sulphoxide (DMSO) solvent as a standard dissolving 

concentration. For the experimental study, rats were 

administered standard mangiferin solution at a dose of 

0.2 ml/100g body weight of each rat. 

Animals 

Animals were obtained from Tamil Nadu Veterinary and 

Animal Sciences University, Chennai. Adult male albino 

Wistar rats weighing 150-200 g were selected for the 

study. They were fed with standard diet and water ad 

libitum and housed under standard environmental 

conditions. All experiments were carried out according 

to the guidelines of Institutional Animal Ethics 

Committee (No: 360/01/a/CPSEA/2001).  

Dosage fixation 

Different doses of mangiferin (2.5 mg, 5.0 mg, 7.5mg, 

10mg and 20mg/100g body weight) were dissolved in 

DMSO and pretreated at different time intervals of 7, 

14, 21, 28 and 35 days i.p. to assess the effective dose 

of mangiferin and duration of treatment against ISPH 

induced myocardial injury based on the activities of 

serum lactate dehydrogenase (LDH) and creatine kinase 

(CK) enzymes. Pretreatment with mangiferin at a dose 

of 10mg/100g body weight for 28 days was found to be 

effective against ISPH induced myocardial infarction and 

hence this was fixed as optimum dosage for the 

subsequent biochemical analysis (Prabhu, 2005). 

EXPERIMENTAL DESIGN 

Animals were grouped into 4, each group consisting of 

six animals. 

Group 1: Control rats received DMSO (0.2 ml/ 100 g body 

weight) as a vehicle intraperitonially. 

Group 2:  Rats were administered with ISPH (20 mg/100 

g body weight suspended in 0.1 ml of 0.9% saline) 

subcutaneously twice at an interval of 24 hours (17). 

Group 3: Rats pretreated with mangiferin alone (10 

mg/100g body weight intraperitonially suspended in 0.2 

ml of DMSO) for 28 days (18). 

Group 4: Rats pretreated with mangiferin (10 mg/100 g 

body weight suspended in 0.2 ml of DMSO) given 

intraperitonially for 28 days and ISPH was administered 

as mentioned in Group II. 

After the experimental period, the animals were 

weighed and body weights were recorded. The animals 

were sacrificed by over dose of ether anesthesia. The 

heart tissue was dissected out immediately and washed 

in ice-cold saline.  The heart tissue of each animal from 

respective groups were weighed accurately and the 

heart weight to body weight ratio (HW / BW ratio) was 

calculated for each group and compared with that of 

normal rat. The blood collected from each animal was 

used to analyse hematological parameters. For plasma 

separation, anticoagulant (EDTA) was added to the blood 

samples and then analysis was done. Red blood corpuscles 

count (RBC), hemoglobin (Hb), packed cell volume (PCV), 

white blood corpuscles (WBC), neutrophil count, 

lymphocytes, eosnophil count, platelet count and plasma 

fibrinogen levels were measured with the use of 

autoanalyzer (Hitachi 911, German). Erythrocyte 

sedimentation rate (ESR) was assayed by the method of 

Bottiger and Svedberg (19). The determination of bleeding 

time (20), clotting time (21) and plasma prothrombin time 
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(22) were carried out in the control and experimental 

animals. 

Statistical analysis 

Results are presented as mean ± SD. The significance of 

difference among the groups was assessed using one way 

analysis of variance (ANOVA) followed by Least 

Significant Difference (LSD) multiple comparison test. 

Significance was set at P<0.05, P<0.01 and P<0.001.  

Results and Discussion 

The present investigation is aimed to evaluate and 

explore the cardio protective effect of pretreated 

mangiferin, a non-nutrient phytochemical extracted 

from Mangifera indica Linn. on ISPH induced 

experimental myocardial infarction (MI) in rat model.  

The determination of heart weight and body weight 

ratio is considered to be an index of the prognosis of 

heart disease in experimental animals.  Group 2 rats 

showed a significantly increased heart weight to body 

weight ratio compared to Group 1 rats (Figure 1). The 

increase in the weight of the myocardium might be due 

to the edema as well as infiltration of inflammatory 

cells. These results are in agreement with the reports of 

Stephanie (23). 

b

a'

a

0

5

10

15

20

25

30

35

40

45

50

Cont rol ISPH Induced Mangif er in alone Mangif er in + ISPH 

FIGURE 1: Effect of mangiferin on heart weight to body weight 

ratio in isoproterenol induced rats. Results are expressed as 

mean ± SD for 6 animals in each group. ap < 0.001 statistically 

significant when compared with Group 1; bp < 0.001  

statistically significant when compared with Group 2. 
 

In mangiferin pretreated rats (Group 4), a significant 

decrease in heart weight to body weight ratio was 

observed when compared to Group 2 ISPH induced 

animals. Mangiferin could have protected the 

myocardium against infiltration by decreasing the edema 

in the myocardium. Henry and Stephens (25) have 

reported that the polyphenols do not favor edema 

formation in heart tissues of mice in the study of chronic 

psychosocial hypertension reduction. Since mangiferin is 

a natural polyphenolic antioxidant, the protection 

offered to the myocardium could be attributed to the 

presence of polyphenols and anti-inflammatory activity 

of the drug (25). Group 3 rats showed a non-significant 

change in heart weight to body weight ratio when 

compared to control rats.   

Hematological parameters are concerned mainly with 

the cellular formed elements of blood, their number or 

concentration, the relative distribution of various types 

of cells and the structural or biochemical abnormalities 

that promote disease. Based on the close relationship 

between cardiovascular disorders and hematology it has 

been postulated that both atherogenesis and blood 

rheology might have some common denominator (26). A 

positive correlation is observed between blood viscosity 

and parameters like haemotocrit, fibrinogen, globulin as 

well as total lipid concentration  (27). Tarasov (28) has 

reported that the increase in RBC observed during AMI 

could be due to the impairment in the circulation of 

blood to the myocardium, resulting in hypoxia, a 

condition that stimulates erythrocytosis. In response to 

increased haemolysis in acute myocardial infarction 

(AMI) condition, there is an increase in erythropoiesis, 

which is a compensatory mechanism of O2 insufficiency 

normally accompanying myocardial infarction. During 

AMI, a significant increase in RBC count, Hb content and 

haemotocrit values, following ISPH administration when 

compared to control which is in accordance with the 

observation of Kostis et al (29) (Table 1).  

ESR is not dependent upon single factor but is the 

reflection of a complex interplay among various factors. 

ISPH induced rats showed decreased ESR in the blood as 

compared with control group (Table 1). Plasma 

fibrinogen is the major determinant of platelet 

aggregation and blood viscosity (30). Plasma fibrinogen 

level (Table 1) has been reported to be elevated, 

following experimental as well as clinical myocardial 

damage (31). Epidemiological studies have suggested 

that high clotting factor levels, especially factor VII and 

fibrinogen may be of significance in coronary heart 

disease (32). A significant increase in platelet count 

(Table 1) was observed in ISPH administered rats and 

similar results have been reported in the present study 

(33). This could be due to the synthesis of higher 

percentage of small platelets and rapid consumption of 

medium and large sized platelets following AMI resulting 

in the net increase in platelet volume (34).  

Leukocytes are functionally important cells in 

inflammation and monocytes have now been known to 

be involved in the initial stages of atherosclerosis. 

Neutrophils may contribute to the tissue injury following 

AMI possibly by release of proinflammatory mediators 

such as leukotrienes, free oxygen radicals and hydrolytic 

enzymes (35). Cannon et al (36) have suggested the WBC 

count as a new inexpensive tool for risk stratification in 

acute coronary syndromes. Among the leukocytes, the 

neutrophil count showed a significant increase in 

myocardial infracted rats. The increase in leukocyte 

could be due to leucocytosis, which is related to the 

necrotic process and its magnitude (Table 1). A 

significant decrease was observed in bleeding time and 

clotting time (Figure 2) following ISPH administration 

compared to control that is in accordance with the 

observation made in earlier studies. The shortened 

bleeding time may be an indicator of an increased 

prothrombotic tendency in MI and this effect appear to 

be mediated by both thrombaxane A2 and adrenaline 
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(37). Several factors control bleeding time and these 

include platelet count, PCV, blood pressure and vascular 

reactivity. Mean platelet value was inversely correlated 

with the bleeding time in patients with ischemic heart 

disease (37). AMI is associated with the pathological 

reduction in clotting time (38). Increased beta 

adrenergic activity also caused a marked leucocytosis 

and decreased blood-clotting time, which is in 

agreement with the work of Meenu et al (39). 

Prothrombin time was significantly decreased in Group 2 

ISPH administered rats (Figure 2), which is consistent 

with the reports of Manjula et al (33).  

Mangiferin pretreatment reduced the level of RBC cells, 

Hb content, PCV (haemotocrit), neutrophils, platelet 

count, fibrinogen level and increased the level of 

lymphocyte content, eosinophil content, ESR, 

prothrombin time, bleeding time and clotting time in 

infracted rats. No alteration was observed in Group 3 

drug alone treated rats when compared to control 

animals for all these parameters (Table 1). 

 

 

TABLE 1:  Effect of mangiferin on the level of hematological parameters in isoproterenol induced rats 

 

 

Values are expressed as mean ± SD for 6 animals in each group. ap < 0.001 statistically significant when compared with Group 1; 
bp < 0.001  statistically significant when compared with Group 2.  
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FIGURE 2: Effect of mangiferin on bleeding time, clotting time 

and prothrombin time in isoproterenol induced rats. Results are 

expressed as mean ± SD for 6 animals in each group. ap < 

0.001 statistically significant when compared with Group 1; bp 

< 0.001  statistically significant when compared with Group 2. 
 

Mangiferin being an antioxidant could have reduced 

haemolysis and thus could have increased ESR. The 

formation of neutrophils and fibrinogen could have been 

reduced by free radical scavenging and antioxidant 

activity of mangiferin and thereby reduced platelet 

count, which in turn could have increased prothrombin 

time and thus clotting time and bleeding time could 

have been increased. In addition, previous finding 

suggests that this polyphenol, mangiferin might also be  

of value in the prevention of atherosclerosis and 

coronary heart disease (40).  

As per the results described above, mangiferin exhibited 

excellent cardioprotective activity in ISPH induced rats. 

Further studies are required to understand the 

mechanism underlying protective actions of mangiferin 

on myocardial infarction. 
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