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Introduction 

Cardiovascular diseases remain one of the leading 
causes of death worldwide despite of various advance-
ments in treatment strategies. Among them myocardial 
infarction is occurring at an epidemic proportion 
throughout the world. Myocardial infarction is charac-
terized by an irreversible necrosis of heart muscle 
secondary to prolonged ischemia. Heart failure subse-
quent to myocardial infarction is associated with anti-
oxidant deficit as well as increased myocardial oxide-
tive stress (Michael and Pawan, 1996). Isoproterenol is a 
-adrenergic agonist which is widely used to induce

experimental myocardial infarction in rats. The patho-
physiological changes following isoproterenol adminis-
tration are comparable to those taking place in human 
myocardial ischemia/infarction (Wexler and Green-
berg, 1978).  

In recent times, attention has been focused on natural 
plant-derived materials in the prevention and manage-
ment of cardiovascular diseases (Dipak et al., 2012; 

Kerstin et al., 1999). A dietary supplement which can 
ameliorate myocardial infarction is of great importance 
because they augment the conventional treatment and 
offer better management of the condition with fewer 
side effects (Aman et al., 2011).  

Coconut is consumed widely in many parts of the 
world. On germination of coconut the basal part of 
embryo, which is embedded in solid endosperm near 
the germinating pore, enlarges to form a cotyledonary 
structure called sprout (haustorium). Coconut sprout is 
one of the edible parts of coconut. Previous studies 
showed that coconut water and coconut kernel protein 
possess cardioprotective and antidiabetic properties 
(Anurag and Rajamohan, 2003; Mini and Rajamohan, 
2002; Preetha et al., 2012; Salil and Rajamohan, 2011). 
But no scientific reports are available regarding the 
cardioprotective potential of coconut sprout in experi-
mental myocardial infarction. Hence, we evaluated the 
cardioprotective effect of dietary supplementation of 
coconut sprout during isoproterenol-induced myo-
cardial infarction in rats. 
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Abstract
This work evaluates the cardioprotective potential of dietary coconut sprout 
(Cocos nucifera Linn.) on isoproterenol induced myocardial infarction in rats. 
Male Sprague Dawley rats were pretreated with coconut sprout (50, 100 and 
200 mg/100 g body weight) orally for 45 days and then cardiotoxicity was 
induced with isoproterenol (20 mg/100 g body weight) twice at an interval of 
24 hours. Activity of cardiac marker enzymes were significantly increased in 
the serum and decreased in the heart of isoproterenol treated rats indicating 
cardiac damage. These effects were significantly reduced in coconut sprout 
pretreated rats. Moreover, pretreatment with coconut sprout increased anti-
oxidant status and decreased oxidative stress in the heart. Histopathological 
examination revealed almost normal tissue morphology in the heart of these 
rats. These observed beneficial effects indicate that coconut sprout possesses 
significant cardioprotective and anti-oxidant properties.  
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Materials and Methods 

Coconut sprout 

Mature coconuts (12 months from flowering) of West 
Coast Tall variety were harvested from the Kerala 
University Campus and dried under shade for 22 days. 
Nuts of identical weights were placed in horizontal 
plain and two thirds of each nut was covered with soil. 
Soil moisture was maintained by periodical watering. 
Germinated nuts were randomly taken for the experi-
ment 15 weeks after germination. It was dehusked, 
broken carefully and sprout was collected, ground and 
dried at 55ºC. Dried, finely powdered sprout was stored 
at -4ºC and used for experiments.  

Chemicals 

Isoproterenol hydrochloride was purchased from Sigma 
Chemical Co., USA. All other chemicals were purchas-
ed from Sisco Research Laboratories (SRL), Mumbai, 
India and were of analytical grade. 

Phytochemical analysis 

Phytochemical tests were carried out qualitatively to 
determine the various constituents in coconut sprout 
according to the methods outlined in Trease and Evans 
(Evans, 1996; 2002). Total carbohydrates, protein, fats, 
fiber, ash and free amino acids were estimated quanti-
tatively (Sadasivam and Manickam, 1996). Ascorbic 
acid (Omaye et al., 1979), -tocopherol (Baker et al.,
1980) and total polyphenols (Malick and Singh, 1980) 
were also estimated. 

Experimental animals 

Male albino rats (Sprague-Dawley) weighing an aver-
age of 180–200 g were used for the experiment. All the
animals were given standard rat chow (Sai feeds, India) 
and distilled water ad libitum. Temperature of the 
animal house was maintained at 25 ± 5ºC with alternate 
12 hours period of light and dark. Food intake was 
recorded daily and body weight of rats were recorded 
weekly.  

Experimental design 

Rats were divided into six groups of eight each. Group I 
(normal control) and Group II (isoproterenol control) 
received normal saline and Group IV, V and VI 
received coconut sprout (50, 100 and 200 mg/100 g 
body weight suspended in normal saline) orally for 45 
days. Group III rats which received 200 mg per 100 g 
body weight sprout for 45 days served as sprout 
control. After this period, isoproterenol (20 mg/100 g 
body weight) was dissolved in normal saline and 
injected subcutaneously to rats of Group II, IV, V and 
VI at an interval of 24 hours for 2 days to induce myo-
cardial infarction. 12 hours after the second dose of 
isoproterenol injection, rats were subjected to eutha-

nasia by means of intraperitoneal injection of thio-
pentone sodium [>40 mg/kg body weight]. Blood 
samples and heart were collected for the estimation of 
various biochemical parameters. 

Biochemical estimations 

Creatinine kinase-MB (CK-MB) and lactate dehydro-
genase (LDH) were estimated by the method of Rosalki 
(1967) and King (1965) respectively. Alanine transami-
nase (ALT) and aspartate transaminase (AST) activity 
were determined in serum and heart (Reitman and 
Frankel, 1957). Troponin T in serum was determined by 
highly specific enzyme immunoassay (EIA) (Katus et 
al., 1991). The activities of superoxide dismutase (SOD) 
and catalase in the heart were assayed as described by 
Kakkar (1984) and Maehly and Chance (1954). Reduced 
glutathione (GSH) was assayed by the method of 
Ellman (1959). Thiobarbituric Acid Reactive Substances 
(TBARS) and protein carbonyls in heart tissue were 
estimated according to the procedures of Ohkawa et al. 
(1979) and Levine et al. (1994) respectively. 

Histopathological analysis of heart 

The heart tissues were rapidly dissected out, washed in 
saline and fixed by immersion at room temperature in 
10% formalin solution. For the histological examina-
tions, paraffin embedded tissue sections of heart (5 µm) 
were stained with hematoxylin–eosin. The sections
were then examined under light microscope (Zeiss 
Axioscope 2 plus, USA) and photographed with Canon 
Zoom Browser EX, Japan.  

Statistical analysis 

Statistical analysis was performed by one-way analysis 
of variance (ANOVA) followed by Duncan’s multiple 
range test (DMRT) using Statistical Package for Social 
Science (SPSS) version 17.0. Results were expressed as 
mean ± SD for six rats in each group. “p” values <0.05
were considered significant. 

Results 

Results show that sprout is rich in carbohydrates and 
proteins (Table I). It also contains bioactive components 
like vitamins, alkaloids and polyphenols.  

In isoproterenol control rats (Group II), a significant 
increase in the activities of serum LDH, CK-MB, AST 
and ALT were observed as compared to normal control 
rats (Group I). A similar trend was observed in the level 
of cardiac troponin-T in serum. Rats pretreated with 
coconut sprout (Group IV, V, VI) showed significant 
decrease in the levels of these cardiac markers in serum 
during myocardial infarction compared to isoproterenol 
alone treated rats (Table II). Rats fed with 100 mg/100 g 
body weight sprout (Group V) showed minimum 
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increase in the activities of these cardiac marker 
enzymes in serum indicating better cardioprotection 
among the doses of coconut sprout studied. Activity of 

marker enzymes in serum of sprout fed normal rats 
(Group III) was similar to that of normal control rats. 

Figure 1 shows the activity of LDH, CK-MB, AST and 
ALT in the heart of experimental rats. Decrease in the 
activity of these enzymes was observed in isoproterenol 
induced rats compared to normal rats, where as 
significant increase in the activity was seen in rats 
pretreated with coconut sprout compared to 
isoproterenol induced rats. Enzyme activities in heart of 
group V rats were significantly similar to that of normal 
control rats. 

SOD and catalase activity in the heart tissue of rats 
were shown in Table III. Decrease in the activity was 
seen in isoproterenol control rats compared to normal 
control rats and increase in activity was seen in sprout 
fed group IV, V and VI rats compared to isoproterenol 
control. Among the sprout treated rats group V rats 

showed activity near to normal control rats. Similar 
result was seen in the case of reduced glutathione. 
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Table I 

Chemical constituents of coconut sprout 

Constituents g/100 g dried sprout 

Carbohydrates 26.8 ± 2.6 

Protein 18.0 ± 1.7 

Fat  8.8 ± 0.8 

Fiber 15.2 ± 1.4 

Ash 7.8 ± 0.8 

Free amino acids 0.9 ± 0.1 

Vitamin C 0.1 ± 0.0 

Vitamin E  0.1 ± 0.0 

Total polyphenols 0.2 ± 0.0 

Values expressed as mean  ± SD of six experiments 

Table II 

Effect of coconut sprout on serum myocardial infarction markers 

Groups Lactate dehydro-
genase (IU/L) 

CK-MB 
(IU/L) 

AST 

(µM of oxaloace-
tate liberated/

min/mg protein) 

ALT 

(µM of pyruvate 
liberated/min/

mg protein) 

Troponin T 

(nM per mL) 

Normal 520.0 ± 49.9a 507.4 ± 48.7a 149.1 ± 14.3a 154.3 ± 14.8a 0.0 ± 0.0a 

Isoproterenol 964.4 ± 92.5b 855.8 ± 82.1b 362.2 ± 34.7b 191.4 ± 18.4b 15.6 ± 1.5b 

Coconut sprout (200 
mg) 

516.8 ± 49.6a 512.0 ± 50.6a 150.8 ± 14.5a 152.4 ± 14.6a 0.0 ± 0.0a 

Coconut sprout (50 
mg) + isoproterenol 

766.9 ± 73.6c 738.5 ± 78.9c 261.8 ± 25.1c 166.7 ± 16.0a 2.4 ± 0.2c 

Coconut sprout (100 
mg) + isoproterenol 

572.7 ± 54.9a,d 533.2 ± 51.2a,d 165.1 ± 15.8a 157.4 ± 15.1a 0.7 ± 0.1a,d 

Coconut sprout (200 
mg) + isoproterenol 

628.7 ± 60.3d 592.5 ± 56.8d 155.3 ± 14.9a 165.0 ± 16.7a 1.0 ± 0.1d 

Values expressed as mean ± SD for six rats in each group. Values not sharing a common superscript (a, b, c, d) differ significantly at p<0.05
(DMRT)   

Table III 

Effect of coconut sprout on superoxide dismutase, catalase and reduced glutathione in the heart tissue 

Groups Superoxide dismutase 

(Units/mg protein) 
Catalase

(x 10-3 units/mg protein) 

Reduced glutathione 

(mM/100 g wet tissue) 

Normal 11.2 ± 1.1a,c 10.4 ± 1.0a 426.0 ± 40.9a 

Isoproterenol 4.3 ± 0.4b 3.9 ± 0.4b 228.9 ± 22.0b 

Coconut sprout  (200 mg) 11.5 ± 1.1c 10.8 ± 1.0a 430.2 ± 41.3a 

Coconut sprout  (50 mg) + isoproterenol 7.4 ± 0.7d 6.2 ± 0.6c 283.1 ± 27.2c 

Coconut sprout  (100 mg) + isoproterenol 10.4± 1.0a,e 9.2 ± 0.9d 385.0 ± 36.9d 

Coconut sprout (200 mg) + isoproterenol 9.6 ± 0.9e 8.4 ± 0.8d 297.6 ± 29.6c 

Values expressed as mean ± SD for six rats in each group. Values not sharing a common superscript (a, b, c, d) differ significantly at p<0.05
(DMRT)   



Group II rats showed significantly higher amount of 
peroxidation markers compared to normal rats (Figure 
2). This increase in TBARS and protein carbonyls were 
significantly reversed in group IV, V and VI compared 
to group II rats. Peroxidation was lower in group V rats 
among isoproterenol induced groups. 

Histopathology of heart (Figure 3) of isoproterenol 
administered rats showed marked edema, vascular 
constriction, inflammatory infiltration of leucocytes, 
necrosis and loss of striations with nuclear changes 
while the heart of control rat showed normal myo-
cardial fibers. Sprout control rats showed no perceptible 
changes in the heart when compared to normal control 
rats. Heart of sprout pretreated rats given isoproterenol 
showed only mild focal inflammation compared to the 
heart of isoproterenol alone administered rats. More-
over, myocyte proliferation was observed in coconut 

sprout pretreated groups. 

Discussion 

In this study, myocardial infarction was induced in rats 
using isoproterenol as described by us earlier (Anurag 
and Rajamohan, 2003). Myocardial damage was estima-
ted by measuring the activity of cardiac marker 
enzymes. The tissue specificity of enzymes make them 
the markers of tissue damage (Hearse, 1979). Damage to 
myocardial cells, containing CK-MB, LDH, AST and 
ALT due to deficient oxygen supply during myocardial 
infarction, results in the leakage of these enzymes 
(Mitra and Panj, 2005). This accounts for the increased 
activity of these enzymes in serum and decreased 
activity in heart tissue of rats induced with myocardial 
infarction. Our results showed that, in isoproterenol-
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Figure 1: Activity of marker enzymes in heart. A) LDH and CK-MB; B) AST and ALT in heart tissue. 
Group I Normal, group II Isoproterenol, group III Coconut sprout (200 mg), group IV Coconut sprout (50 mg) + isoproterenol, group V Coconut 
sprout (100 mg) + isoproterenol, group VI Coconut sprout (200 mg) + isoproterenol. LDH  expressed in µM of NAD+ liberated/min/mg protein, CK-
MB in µM of phosphorus liberated/min/mg protein, AST in µM of oxaloacetate liberated/min/mg protein and ALT in µM of pyruvate liberated/
min/mg protein. Values expressed as mean ± SD for six rats in each group. Values not sharing a common superscript (a, b, c, d) differ significantly at 
p<0.05 (DMRT)   



induced group II, IV, V and VI the activity of these 
cardiac marker enzymes increased in serum and 
decreased in heart. But coconut sprout pretreated rats 
(Group IV, V and VI) showed lower activities of CK-
MB, LDH, AST and ALT in the serum and higher 
activity in heart. Cardiac specific troponin T, which is a 
regulatory protein of myocyte contraction, was another 
important diagnostic marker, released into circulation 
in response to myocardial necrosis. Serum level of 
cardiac Troponin T was high in isoproterenol control 
rats where as it was lower in coconut sprout pretreated 
groups. This might be due to the protective effect of 
sprout on heart, which had reduced the extent of 
cardiac damage induced by isoproterenol and thereby 
restricting the leakage of these enzymes and troponin T 
from myocardium. 

Isoproterenol induction caused reduction in cardiac 
SOD and catalase activities which is consistent with 
similar findings in a number of earlier studies (Manjula 
et al., 1993; Sangeetha and Darlin, 2006). In myocardial 
infarction, the increased production of superoxide 
radicals and hydrogen peroxide inactivates SOD and 
catalase resulting in the loss of activity and accumu-
lation of superoxide anion and hydrogen peroxide, thus 
damaging the myocardial cells (Karthikeyan et al., 2005; 
Menu et al., 2001; Rajadurai et al., 2005). A decrease in 

the concentration of GSH was seen in isoproterenol 
induced rats. Glutathione participates directly in the 
destruction of hydrogen peroxides and also promotes 
the formation of reduced form of ascorbate which has 
high anti-oxidant activity (Martensson and Meister, 
1991). GSH-dependent enzymes provide a second line 
of defence as they primarily detoxify the noxious by-
products generated by ROS and also help to prevent 
propagation of free radicals (Gumieniczek, 2005). 
Decreased GSH levels observed in myocardial infarcted 
rats might be due to its increased utilization in protec-
ting SH groups containing proteins from the action of 
free radicals (Sheela Sasikumar and Shyamaladevi, 
2000).  

Pre-treatment with coconut sprout increased the 
activities of catalase, SOD and concentration of GSH in 
isoproterenol treated rats. An increase in lipid peroxi-
dation and protein oxidation indicated by elevated 
levels of TBARS and protein carbonyls were observed 
in isoproterenol administered rats. Elevation of lipid 
peroxides subsequent to myocardial infarction results 
in the initiation of the chain reactions that could 
damage the myocardium. The observed increase in the 
lipid and protein peroxidation enhances myocardial 
injury and impairs the anti-oxidant defence mechanism 
to prevent the formation of excess free radicals. Pre-
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treatment with coconut sprout lowered the concen-
tration of TBARS and protein carbonyls in isoproterenol 
treated rats. This shows the cardioprotective role of 
coconut sprout associated with its anti-oxidant effects. 

Histopathological examination of heart of isoproterenol 
administered rat showed focal lesions and fragmen-
tation of muscle fibers, hyaline necrosis and edema. In 
rats pretreated with coconut sprout, normal structure 
with very little evidence of inflammatory infiltration 
was observed. This reduced density of inflammatory 

cells indicated that coconut sprout protected the myo-
cardium from isoproterenol-induced damage which 
also confirms its cardioprotective activity.  

Among the various doses of coconut sprout adminis-
tered, 100 mg/100 g body weight is more effective in 
reducing the cardiac damage induced by isoproterenol. 
The chemical analysis of coconut sprout revealed that it 
contains proteins, vitamins, minerals, alkaloids and 
polyphenols. Polyphenols, alkaloids and vitamins are 
reported to scavenge free radicals and decreases 
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Figure 3: Photomicrographs of Haematoxylin and Eosin staining of heart X400. 
A) Control rat heart showing normal architecture of myocytes; B) isoproterenol-control group heart showing necrosis of muscle fiber with inflamma-
tory cell infiltration, edema along with extravasation of red blood cells; C) coconut sprout (200 mg/100 g) alone treated rat heart showing normal 
cardiac fibers; D) coconut sprout 50 mg/100 g + isoproterenol showing edema with inflammatory cell infiltration; E) coconut sprout 100 mg/100 g + 
isoproterenol showing almost normal myocardial cells; F) coconut sprout  200 mg/100 g + isoproterenol treated heart tissue showing mild inflamma-
tory infiltration and mild edema but no infarction 

A B

C D

E F



oxidative stress and thereby reduce the isoproterenol 
induced pathogenesis of myocardial infarction (Cheng 
et al., 2012; Li et al., 2010; Mukesh et al., 2007). The 
beneficial effects of coconut sprout in reducing 
oxidative stress and protecting cardiac tissue may be 
due to the presence of these biologically active 
components. The present study provides first evidence 
on the effect of coconut sprout against isoproterenol-
induced myocardial infarction in rats.  

Conclusion 

Dietary supplementation of coconut sprout is helpful in 
protecting heart during myocardial infarction. 
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