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Abstract 

 
 

Myocardial infarction is a major public health concern and the leading cause of death all over the world. 
A better understanding of the processes involved in myocardial infarction has stimulated the search for 
new drugs, which could limit the myocardial injury. In the present study, an attempt has been made to 
examine the preventive effects of chitosan, a marine polysaccharide, on isoprenaline- induced 
myocardial infarction in male albino rats, an animal model for myocardial infarction of human beings. 
Dietary supplementation of 2% chitosan for 60 days significantly reduced the isoprenaline-induced 
elevation in the levels of plasma diagnostic marker enzymes and maintained the level of myocardial 
taurine content at near normal. It exerted significant anitlipidemic effect against isoprenaline-induced 
myocardial infarction by maintaining the level of cholesterol, triglycerides, free fatty acids and 
phospholipids in plasma and heart tissue at the levels comparable to that of control animals. Also 
chitosan supplementation significantly prevented isoprenaline-induced lipid peroxidation and 
maintained the reduced glutathione content in plasma and heart tissue at near normalcy. The results of 
the present investigation indicated that the cardioprotective effect of chitosan might be ascribable to 
the hypolipidemic property and/or antioxidant nature of chitosan. 
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INTRODUCTION 
 

Globally, myocardial infarction is a major public health 
concern and the leading cause of mortality. Developing 
countries like India are also struggling to manage the 
impact of myocardial infarction along with the growing 
burden of obesity, Type II diabetes and hypertension 
(Tilak-Jain and Devasagayam, 2006). In recent years, an 
increasing number of young Indians are succumbing to 
myocardial infarction due to unusual risk factors charac-
terized by high triglycerides, low High Density Lipopro-
teins (HDL), glucose intolerance, insulin resistance, 
abdominal obesity and increased lipoprotein (a) levels 
(Farvin et al., 2006; Packard et al., 2005). The major 
abnormalities noticed following myocardial infarction are 
lipidemia, peroxidation and loss of plasma membrane 
integrity (Farvin et al., 2004). A better understanding of 
the processes involved in myocardial infarction has sti-
mulated the search for new drugs, which could limit the 
 
 

 
 
 
 
myocardial injury.  

Natural products have been the starting point for the 
discovery of many important modern drugs. This fact has 
led to chemical and pharmacological investigations and 
general biological screening programs for natural pro-
ducts all over the world (Nagle and Zhou, 2006). In 
recent times, there is a lot of interest in drugs from 
marine origin with potential benefits. Chitosan is one of 
the most abundant naturally occurring polysaccharides 
present in the shellfish, clams, krill, oysters, squid, fungi 
and insects (Cardenas et al., 2001). It is a polymer of - 
(1-4)-D-gluco-samine and it is chemically similar to that 
of the plant fiber, cellulose. It carries a positive charge on 
the acetyl remnants and when solubilized in an acid 
environment, the chitosan polymers bind to negatively 
charged molecules such as fats and lipids. Experimental 
studies have shown that it behaves as a fibre in the gas- 
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trointestinal tract and increases the amount fat eliminated 
in the stool (van Bennekum et al., 2005; Sumiyoshi and 
Kimura, 2006).  

Reports by Sumiyoshi and Kimura (2006) and Xu et al. 
(2007) have shown that the dietary supplementation of 
chitosan is capable of ameliorating high fat diet-induced 
hyperlipidemia in experimental animals. It has been 
reported to possess antilipidemic (Santhosh et al., 2006), 
antioxidant (Xie et al., 2001) and membrane stabilizing 
properties (Filipovic-Grcic et al., 2001). Earlier Anandan 
et al. (2004) reported the antiulcer effect of chitosan 
against HCl-ethanol mixture induced peptic ulcer in rats. 
Recently, it has attracted more attention as a biomedical 
material, owing to its unique biological activities, which 
include antitumor, immunoenhancing effects and anti-
bacterial activity in combination with its non-toxic nature 
(Kim et al., 2003). Chitosan has profound applications in 
the fields of clarification and purification, chromatogram-
phy, paper and textiles, photography, food and nutrition, 
agriculture, pharmaceutical and medical, cosmetics, 
biode-gradable membranes and biotechnology (Senel 
and McClure, 2004). Though the beneficial effects of 
chitosan have been extensively studied, the cardio-
protective effect of chitosan in experimentally induced 
myocardial infarction condition has not yet been 
explored.  

Isoprenaline [L-- (3,4-dihydroxyphenyl) - - isopropyl-

aminoethanolhydrochloride], a - adrenergic agonist has 
been reported to cause oxidative stress in the myocar-
dium, which results in infarct like necrosis of heart 
muscle similar those observed in myocardial infarction in 
human beings (Farvin et al., 2004; Anandan et al., 2007). 
Isoprenaline induces myocardial necrosis by a multiple 
step mechanism. Injection of isoprenaline into rats 
increases the low- density lipoproteins (LDL) cholesterol 
level in the blood, which in turn leads to the build up of 
harmful deposits in the arteries, and thus favors myocar-
dial infarction (Rajadurai and Prince, 2006; Farvin et al., 
2006). Increased lipolysis and peroxidation of endoge-
nous lipids also play a major role in the cytotoxic action 
of isoprenaline (Padma et al., 2006). A considerable 
body of clinical and experimental evidence now exists 
suggesting the involvement of free radical mediated 
oxidative process in the pathogenesis of isoprenaline-
induced myocar-dial infarction (Shiny et al., 2005; 
Anandan et al., 2003; Anandan et al., 2007).  

In the present study, we have attempted to assess the 
cardioprotective effect of chitosan against isoprenaline-
induced myocardial infarction in male albino rats by 
virtue of its antioxidant, hypolipidemic and membrane 
stabilizing properties. 

 
MATERIALS AND METHODS 
 
Chemicals 
 
Epinephrine, isoprenaline, taurine, tetraethoxy propane and cho-

lesterol were obtained from M/s. Sigma Chemical Company, St. 

 
 
 
 

 
Louis. MO, USA. Chitosan (Mw 750000 Da; viscosity 8cps; 
deacetylation rate 85 - 87%; purity 98.6%) used in experiment was 
a kind gift from Dr. T. K. Thankkappan, Principal Scientist, Central 
Institute of Fisheries Technology, Cochin, India All the other 
chemicals used were of analytical grade. 

 

Animals 
 
Male Wistar strain albino rats, weighing 120 - 150 g were selected 
for the study. The animals were housed individually in polypro-
pylene cages under hygienic and standard environmental condi-
tions (28 ±b2ºC, humidity 60 - 70%, 12 h light/dark cycle). The ani-
mals were allowed a standard diet [M/s Sai Feeds, Bangalore, 
India] and water ad libitum. The experiment was carried out as per 
the guidelines of Committee for the Purpose of Control and Super-
vision of Experiments on Animals (CPCSEA), New Delhi, India. 
 
 
Experimental protocol 
 
Seven days after acclimatization, the animals were divided into four 
groups of 6 rats each. Group I rats were normal controls given only 
standard diet. Group I and Group III animals were fed on standard 
diet with corn starch at 2% level for 60 days and Group II and 
Group IV animals were fed on standard diet with added chitosan at 
2% level for the same period. After 60 days feeding, the Group III 
and Group IV animals were intraperitoneally (i.p.) injected with 
isoprenaline [11 mg (dissolved in physiological saline)/100g body 
weight per day for 2 days] for the induction of myocardial infarction 
(Anandan et al., 2003). Control animals (Group I and Group II) 
were i.p. injected with physiological saline alone for 2 days.  
At the end of the experimental period, the animals were killed and 
blood was collected using heparin as anticoagulant. The plas-ma 
separated was used for the determination of diagnostic marker 
enzymes, alanine aminotransferase [EC 2.6.1.2] (ALT) (Mohur and 
Cook, 1957), aspartate aminotransferase [EC 2.6.1.1] (AST) 
(Mohur and Cook, 1957), lactate dehydrogenase [EC 1.1.1.27] 
(LDH) (King, 1965) and creatine phosphokinase [EC 2.7.3.2] (CPK) 
(Okinaka et al., 1961). High-density lipoprotein (HDL) and low-
density lipo-protein (LDL) fractions were separated from plasma 
according to the dual precipitation technique (Burstein and 
Scholnick, 1972). The heart tissue was excised immediately and 
thoroughly washed with physiological saline. Taurine content in the 
heart tissue was deter-mined by method of Ishida et al. (1981) 
using Shimadzu 10AS Amino Acid Analyzer.  
The cholesterol, triglycerides, free fatty acids and phospholipids 
contents in heart tissue were determined after extracting total lipids 
according to the method of Folch et al. (1957). Cholesterol was 
estimated by the method of Parekh and Jung (1970) and the 
triglycerides were determined by the method of Rice (1970). The 
method described by Horn and Menahan (1981) was followed for 
the estimation of free fatty acids, and the phospholipids were 
estimated by the method of Fiske and Subbarow (1925) as inorga-
nic phosphorous liberated after perchloric acid digestion (Bartlette, 
1959). Lipid peroxide content in plasma and heart tissue was 
determined by the thiobarbituric acid (TBA) reaction as described 
by Okhawa et al. (1979). 
 

 
Statistical analysis 

 
Results are expressed as mean ± SD. Multiple comparisons of the 
significant ANOVA were performed by Tukey’s multiple comparison 
test. A P value <0.05 was considered as statistically significant. All 
data were analyzed with the aid of statistical package program 
SPSS 10.0 for Windows. 



 
 
 

 
Table 1. Levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), 

lactate dehydrogenase (LDH), and creatine phosphokinase (CPK) in plasma of normal and 

experimental groups of rats. 
 

Groups Group I Group II Group III Group IV 

 Control Chitosan Isoprenaline Chitosan + Isoprenaline 

ALT 89.2 ± 6.71 82.5 ± 6.19 337 ± 24.6
a,b

 108 ± 9.18
c
 

AST 95.4 ± 6.92 89.7 ± 7.11 345 ± 27.9
a,b

 120 ± 9.63
c
 

LDH 143 ± 8.67 132 ± 8.25 388 ± 24.3
a,b

 164 ± 10.9
c,d

 

CPK 98.7 ± 7.36 103 ± 6.97 322 ± 18.0
a,b

 118 ± 7.86
c
 

 
Results are mean ± SD for 6 animals. Group I and Group III animals, fed standard diet with corn 
starch at 2% level for 60 days. Group II and Group IV, fed standard diet with added chitosan at 2% 
level for 60 days. Group III and Group IV animals, intraperitoneally (i.p.) injected with isoprenaline 
[11mg (dissolved in physiological saline)/100g body weight per day for 2 days] for the induction of 
myocardial infarction after 60 days feeding. Values expressed: ALT, AST, and LDH, mol pyruvate 

liberated h
-1

l
-1

; CPK, mol creatine liberated h
-1

l
-1

. 
a
P<0.001 significantly different compared with 

Group I control animals; 
b
P<0.001 significantly different compared with Group II chitosan-

administered rats; 
c
P<0.001 significantly different compared with Group III isoprenaline-induced 

myocardial infarcted rats; 
d
P<0.05 significantly different compared with Group II animals. 
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Figure 1. Level of taurine in heart tissue of control and 
experimental groups of rats. Results are mean ± SD for 6 ani-mals. 
Group I and Group III animals, fed standard diet with corn starch at 
2% level for 60 days. Group II and Group IV, fed standard diet with 
added chitosan at 2% level for 60 days. Group III and Group IV 
animals, intraperitoneally (i.p.) injected with isoprenaline [11mg 
(dissolved in physiological saline)/100g body weight per day for 2 
days] for the induction of myocardial infarcttion after 60 days 

feeding. 
a
P<0.001 significantly different compared with Group I 

control animals; 
b
P<0.001 significantly different compared with 

Group II chitosan-administered rats; 
c
P<0.001 significantly different  

compared with Group III isopre-naline-induced myocardial infarcted 

rats. 

 

RESULTS 
 
Table 1 shows the levels of diagnostic marker enzymes 

 
 

 

(AST, ALT, LDH and CPK) in the plasma of normal and 
experimental groups of rats. There was a significant 
(P<0.001) elevation noticed in the levels of these marker 
enzymes in the plasma of Group III isoprenaline- induced 
myocardial infarcted rats compared to Group I control 
rats. The dietary chitosan supplementation significantly 
(P<0.001) reduced the isoprenaline-mediated release of 
these diagnostic marker enzymes from the heart tissue 
into the systemic circulation. Injection of isoprenaline 
induced a significant depletion in the level of taurine con-
tent in heart tissue of Group III rats compared to Group I 
controls (Figure 1). The Group IV chitosan-fed rats 
showed a significant (P <0.001) increase in cardiac tau-
rine content compared to Group III rats. Interestingly, 
there was a significant increase observed in the taurine 
content in the heart tissue of Group II chitosan-supple-
mented rats as compared to Group I control rats.  

There were significant (P<0.001) elevation noted in the 
levels of cholesterol, triglycerides and free fatty acids in 
the plasma and heart tissue of Group III isoprenaline-
injected rats compared to Group I control rats (Table 2 
and Table 4). The level of LDL cholesterol was signi-
ficantly (P<0.001) higher in myocardial infarction induced 
rats, whereas the levels of HDL cholesterol was signifi-
cantly lower as compared to normal controls (Table 3). In 
the present study, dietary supplementation chitosan signi-
ficantly (P<0.001) prevented the isoprenaline- induced 
rise in the levels of total cholesterol, triglycerides and free 
fatty acids in plasma and heart tissue of Group IV rats 
compared to Group III rats. Also it maintained the level of 
LDL-cholesterol and HDL-cholesterol in plasma at a 
concentration comparable to that of control rats. Phos-
pholipids concentration in heart tissue of the dietary 
incurporation of chitosan significantly isoprenaline admi-
nistered animals was significantly (P<0.001) lower than 



 
 
 

 
Table 2. Levels of cholesterol, triglycerides, free fatty acids, phospholipids and lipid peroxides in 

plasma of normal and experimental groups of rats. 
 

Groups Group I Group II Group III Group IV 

 Control Chitosan Isoprenaline Chitosan+Isoprenaline 

Cholesterol 85.4 ± 5.23 71.2 ± 4.56 135 ± 7.48
a,b

 91.4 ± 5.18
c,d

 

Triglycerides 42.7 ± 2.78 36.2 ± 1.84 72.9 ± 4.65
a,b

 45.5 ± 2.01
c
 

Free fatty acids 15.6 ± 0.95 14.1 ± 0.92 37. 2 ± 2.19
a,b

 21.3 ± 1.23
c
 

Phospholipids 76.9 ± 5.22 81.7 ± 5.08 143 ± 9.46
a,b

 94.5 ± 5.91
c
 

Lipid peroxides 0.97 ± 0.05 0.86 ± 0.06 2.79 ± 0.15
a,b

 1.14 ± 0.08
c
 

 
Results are mean± SD for 6 animals. Group I and Group III animals, fed standard diet with corn starch at 2% 
level for 60 days. Group II and Group IV, fed standard diet with added chitosan at 2% level for 60 days. 
Group III and Group IV animals, intraperitoneally (i.p.) injected with isoprenaline [11mg (dissolved in 
physiological saline)/100g body weight per day for 2 days] for the induction of myocardial infarction after 60 
days feeding. Values expressed: cholesterol, triglycerides, free fatty acids and phospholipids - mg/dl; lipid 

peroxides - n mol/ml. 
a
P<0.001 significantly different compared with Group I control animals; 

b
P<0.001 

significantly different compared with Group II chitosan administered rats; 
c
P<0.001 significantly different 

compared with Group III isoprenaline-induced myocardial infarcted rats; 
d
P<0.05 significantly different 

compared with Group II animals. 
 

 
Table 3. Levels of LDL-cholesterol and HDL-cholesterol in plasma (mg/dl) of normal and experimental 

groups of rats. 
 

Groups Group I Group II Group III Group IV 

 Control Chitosan Isoprenaline Chitosan+Isoprenaline 

LDL-cholesterol 38.7 ± 1.96 29.5 ± 1.21 74.6 ± 5.29
a,b

 42.3 ± 2.14
c
 

HDL-cholesterol 19.4 ± 1.17 27.2 ± 1.36
a
 11.2 ± 0.94

a,b
 22.8 ± 1.12

c,d
 

 
Results are mean± SD for 6 animals. Group I and Group III animals, fed standard diet with corn starch at 2% 
level for 60 days. Group II and Group IV, fed standard diet with added chitosan at 2% level for 60 days. 
Group III and Group IV animals, intraperitoneally (i.p.) injected with isoprenaline [11mg (dissolved in 
physiological saline)/100g body weight per day for 2 days] for the induction of myocardial infarction after 60 

days feeding. 
a
P<0.001 significantly different compared with Group I control animals; 

b
P<0.001 significantly 

different compared with Group II chitosan administered rats; 
c
P<0.001 significantly different compared with 

Group III isoprenaline-induced myocardial infarcted rats; 
d
P<0.05 significantly different compared with Group 

II animals. 
 

 

that of control animals (Table 4). (P<0.001) ameliorated 
the isoprenaline-mediated degradation of membrane 
phospholipids.  

There was a significant ( P<0.001) increase in the level 
of lipid peroxidation along with a concomitant decline in 
the level of GSH noted in the heart tissue of Group III 
isoprenaline-administered rats as compared to controls 
(Table 2 and Table 4). The dietary supplementation of 
chitosan significantly (P<0.001) reduced the isoprenaline-
induced adverse effects and maintained the level of eva-
luated parameters at near normalcy. The normal rats 
receiving chitosan (Group II) alone did not show any 
significant change when compared with normal (Group I) 
rats, indicating that it does not per se have any adverse 
effects. 

 

DISCUSSION 
 
The significant (P <0.001) rise observed in the levels of 

diagnostic marker enzymes (ALT, AST, LDH and CPK) in 

the plasma of Group III isoprenaline-administered rats as 

 
 

 

compared to that of Group I control rats (Table 1), which 
is in line with earlier reports (Farvin et al., 2004; Karthick 
and Prince, 2006), is an indication of the severity of 
isoprenaline-induced necrotic damage to the myocardial 
membrane. Of all the macromolecules that leak from da-
maged tissue, enzymes because of their tissue specificity 
and catalytic activity are the best markers of tissue da-
mage. The release of cellular enzymes reflects non-spe-
cific alterations in the plasma membrane integrity and  
permeability as a response to -adrenergic stimulation. In 

the present study, the dietary supplementation of chi- 
tosan at 2% level was significantly (P<0.001) prevent-ed 

the isoprenaline-induced elevation in the levels of these 
diagnostic marker enzymes in plasma of Group IV ani-
mals compared to Group III isoprenaline-injected rats, 
indicating the cytoprotective activity of chitosan. Reports 
by Anandan et al. (2004) indicated that chitosan supple-
mentation was capable of exerting significant cytopro-
tection on mucosal cell lining from the necrotic damage 
induced by HCl-ethanol mixture. Jeon et al. (2003) 
reported that chitosan incorporation attenuated the car 



 
 
 

 
Table 4. Levels of cholesterol, triglycerides, free fatty acids and phospholipids in heart tissue of normal 

and experimental groups of rats. 
 

Groups Group I Group II Group III Group IV 

 Control Chitosan Isoprenaline Chitosan + Isoprenaline 
     

Cholesterol 5.45 ± 0.31 4.76 ± 0.25 8.67 ± 0.57
a,b

 6.04 ± 0.31
c,d

 

Triglycerides 4.74 ± 0.32 4.16 ± 0.27 8.07 ± 0.62
a,b

 4.95 ± 0.39
c
 

Free fatty acids 0.21 ± 0.02 0.15 ± 0.01 0.43 ± 0.04
a,b

 0.25 ± 0.03
c
 

Phospholipids 28.7 ± 1.63 32.9 ± 1.92 14.5 ± 0.98
a,b

 26.1 ± 1.32
c
 

Lipid peroxides 1.18 ± 0.08 0.91 ± 0.05 2.87 ± 0.18
a,b

 1.34 ± 0.11
c
 

GSH 4.75 ± 0.27 5.34 ± 0.35 2.12 ± 0.15
a,b

 4.67 ± 0.31
c
 

 
Results are mean± SD for 6 animals. Group I and Group III animals, fed standard diet with corn starch at 2% 
level for 60 days. Group II and Group IV, fed standard diet with added chitosan at 2% level for 60 days. 
Group III and Group IV animals, intraperitoneally (i.p.) injected with isoprenaline [11mg (dissolved in 
physiological saline)/100g body weight per day for 2 days] for the induction of myocardial infarction after 60 
days feeding. Values expressed: Cholesterol, triglycerides, free fatty acids and phospholipids - mg/g wet 

tissue; lipid peroxides - n mol/mg protein; GSH- µg/g wet tissue. 
a
P<0.001 significantly different compared 

with Group I control animals; 
b
P<0.001 significantly different compared with Group II chitosan administered 

rats; 
c
P<0.001 significantly different compared with Group III isoprenaline-induced myocardial infarcted rats; 

d
P<0.05 significantly different compared with Group II animals. 

 

 

the carbon tetrachloride-induced hepatic injury in experi-
mental rats. Investigations by Yan et al. (2006) showed 
that supplementation of chitosan significantly reduced the 
release of diagnostic marker enzymes from the liver into 
the systemic circulation in carbon tetrachloride-intoxica-
ted animals. 

Taurine makes up more than 50% of the total amino 
acid pool in the mammalian heart (Lombardini, 1996). It is 
involved in various important biological and physiological 
functions, which include cell membrane stabilization, 
antioxidation, detoxification, osmoregulation and neuro-
modulation (Shiny et al., 2005). Warskulat et al. (2004) 
have demonstrated that pathology develops in the myo-
cardium if the animal is depleted of taurine stores either 
through a taurine deficient diet or use of taurine transport 
antagonists. Pion et al. (1987) were the first to explain the 
role of dietary taurine deficiency associated with a dilated 
cardiomyopathy observed in experimental animals. The 
present findings confirmed the same pattern, and showed  
a significant (P<0.001) decrease in myocardial taurine 
content in Group III myocardial infarction induced rats 
compared to Group I normal rats (Figure 1). The Group 
IV rats supplemented with chitosan showed a significant 
(P<0.001) increase in cardiac taurine content as 
compared to Group III rats.  

Taurine is primarily utilized in biological system for the 
elimination of cholesterol from the body through the bile 
acid conjugation reactions. Chitosan is capable of 
increasing the fecal excretion of cholesterol without the 
involvement of taurine-mediated bile acid conjugation 
reactions (Yao and Chiang, 2002). This might be the 
possible reason for the increase noticed in the cardiac 
taurine content in Group II chitosan-supplemented rats. 

 
 

 

Hence, it is possible that the supplementation of chitosan 
is capable of preserving the cellular taurine content for 
other important biological processes such as cell mem-
brane stabilization, antioxidation, detoxification and 
osmoregulation in the myocardium.  

Significant (P<0.001) rise observed in the levels of cho-
lesterol, triglycerides and free fatty acids in the plasma 
and heart tissue of Group III rats as compared to Group I 
control rats is an indication of severity of isoprenaline-
induced hyperlipidemic condition (Table 2 and Table 4). 
The level of LDL cholesterol was significantly (P<0.001) 
higher in Group III myocardial infarction induced rats, 
whereas HDL cholesterol levels were significantly lower 
compared to Group I animals (Table 3), which might be 
due to the increased mobilization of LDL-cholesterol from 
the blood into the myocardial membranes, resulting in 
abnormal cholesterol deposition in the myocardium. 
These findings are in accordance with an earlier reported 
study (Sangeetha and Quine, 2006), which showed that 
the free fatty acids liberated from adipose tissue also 
enters into the myocardium, and the process is propor-
tional to the free fatty acid concentration in the coro-nary 
sinus. Though heart can utilize free fatty acids for its 
energy requirements, the excess free fatty acid may be 
used for the synthesis of triglycerides, resulting in 
hypertriglyceridemia as observed in the present study.  

In the present study, supplementation with chitosan 
significantly prevented the isoprenaline-induced elevation 
in total cholesterol, triglycerides and free fatty acids in 
plasma and heart tissue of Group IV rats as compared to 
Group III rats. It also maintained the level of LDL-choles-
terol and HDL-cholesterol in plasma at a concentration 
comparable to that of Group II rats. Earlier reports 



 
 
 

 

(Trautwein et al., 1997; Yao and Chiang, 2002) indicated 
that chitosan supplementation was effective in lowering 
plasma total cholesterol, VLDL cholesterol and LDL 
cholesterol levels in experimental animals. In the present 
study, a slight reduction in the level of total cholesterol 
and LDL-cholesterol were also observed in Group II 
chitosan-fed normal rats, establishing the anticholeste-
rolemic property of chitosan (Ylitalo et al., 2002). The 
hypolipidemic property of chitosan has already been 
reported in high fat diet fed experimental animals (Deuchi 
et al., 1995). The cardioprotective effect of chitosan is 
probably related to its ability to inhibit the increased 
accumulation of lipids both in the systemic circulation and 
in the myocardium by its antilipidemic property.  

The significant depletion noticed in the levels of 
phospholipids in the heart tissue of Group III animals as 
compared to Group I rats (Table 4), is line with earlier 
reported studies (Kaul and Kapoor, 1989; Kumar et al., 
2001), which indicate that ischemic injury related alte-
rations in lipid composition of myocardial tissue appears 
to occur due to the destruction of myocardial membrane 
lipid bi-layer. Lipid peroxidation in vivo has been identified 
as one of the basic deteriorative reaction in cellular 
mechanisms of the myocardial ischemia (Singal et al., 
1982). The increased peroxidation of membrane phos-
pholipids releases free fatty acids by the action of phos-

pholipase A2. Hence, the significant elevation noticed in 

the levels of free fatty acids in plasma and heart tissue of 
isoprenaline-treated rats might be due to enhanced 
breakdown of membrane phospholipids, which could very 
likely be the biochemical basis for the irreversible cell 
injury and ischemia.  

The significant (P<0.001) rise noted in the level of lipid 
peroxidation with concomitant decline in reduced gluta-
thione in plasma and heart tissue of Group III isoprene-
line-administered rats as compared to Group I rats (Table  
4) concurs with the findings of Nirmala and Puvanakrish-
nan, (1996), which indicated that the higher vulnerability 
of myocardium to peroxidative damage was mainly due to 
a decline in the level of free radical scavengers. Deple-
tion of GSH results in enhanced lipid peroxidation, and 
excessive lipid peroxidation can cause increased GSH 
consumption (Comporti, 1985; Farvin et al., 2004), as 
observed in the present study. GSH protects the cell 
membranes from the damaging action of lipid peroxide. In 
the present study, the animals supple-mented with 
chitosan showed a significant (P<0.05) decrease in the 
level of lipid peroxidation in the plasma and heart tissue, 
thus demonstrating the antioxidant effects of chitosan in 
experimentally induced oxidative stress conditions. Re-
ports by Jeon et al. (2003) have shown that chitosan has 
strong antioxidative effects, which decrease free radical 
production and increase antioxidant enzyme activities 

during CCl4-induced lipid peroxidation in rats.  
It is generally considered that the inhibition of lipid pe-

roxidation by an antioxidant can be explained by various 

mechanisms. One is the free radical-scavenging activity. 

 
 
 
 

 

Park et al. (2004) have suggested that chitosan may 
eliminate various free radicals by the action of nitrogen on 
the C-2 position of the chitosan. Xie et al. (2001) reported 
that the scavenging mechanism of chitosan is related to 
the fact that the free radicals can react with the hydrogen 
ion from the ammonium ions to form a stable molecule. 
Youn et al. (2001) have shown that antioxi-dative effects 
of chitosan increase with higher concen-tration as 
indicated by the results of DPPH radical assay. The 
present observation also reveals that the supple-
mentation of chitosan is capable of exerting antioxidant 
property against isoprenaline-induced lipid peroxidation. 

In conclusion, the results of the present study indicate 
that the supplementation of chitosan at a concentration of 
2% of the diet for 60 days prevents the symptoms of 
isoprenaline-induced myocardial infarction in rats. The 
overall cardioprotective effect of chitosan is probably 
related to its ability to inhibit the isoprenaline-induced lipid 
accumulation by its hypolipidemic property and/or to its 
free radical scavenging ability against isoprenaline-in-
duced lipid peroxidation, which is primarily responsible for 
the irreversible necrosis of the myocardial membrane. 
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