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ABSTRACT 
Arsenic is a naturally occurring element widely present in the environment, with drinking water accounting for the majority of chronic 
human arsenic exposure worldwide. Millions of people worldwide are at risk of cancer, heart disease and diabetes because of chronic 
arsenic exposure. In the present study, we have investigated the antioxidant defense of squalene on myocardial function in sodium 
arsenite-induced oxidative stress condition in rats. Oral administration of sodium arsenite [10 mg/kg body weight/day for a period of 30 
days] caused a significant (p < 0.05) increase in the levels of diagnostic markers (troponin T, homocysteine and creatine phosphokinase-
MB) in the plasma of rats, indicating necrotic damage to the myocardial membrane. Significant (p < 0.05) elevation in the level of lipid 
peroxidation with a parallel reduction in the level of reduced glutathione and the activities of glutathione-dependent antioxidant enzymes 
and antiperoxidative enzymes in the heart tissue was also noticed. The dietary supplementation of 2% squalene for a period of 30 days 
significantly (p < 0.05) attenuated the sodium arsenite-induced oxidative aberrations in the heart tissue and maintained the levels of 
diagnostic markers at near normal. The results of the present findings indicate that the cytoprotective potential of squalene is probably 
related to its ability to counteract free radical formation by its antioxidant nature. 
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INTRODUCTION 
 
Arsenic is a metalloid element that is widespread in the 
aquatic environment as a result of both geogenic and an-
thropogenic processes (Mukherjee and Bhattacharya 2002). 
Millions of people worldwide are at risk of cancer, heart 
disease and diabetes because of chronic arsenic exposure 
(Soucy et al. 2004). Although several hypotheses have been 
proposed, the exact mechanism of arsenic toxicity has not 
yet been clearly defined. There are, however, studies which 
suggest that higher concentrations of arsenic cause oxida-
tive stress, increased reactive nitrogen species, and inhibit 
enzyme and mitochondrial function (Hei et al. 1998; Lynn 
et al. 1998). Sodium arsenite induces myocardial dysfunc-
tion by a multiple step mechanism. A considerable body of 
clinical and experimental evidence now exists suggesting 
the involvement of a free radical-mediated oxidative pro-
cess in the pathogenesis of arsenic poisoning (Mishra and 
Flora 2008). Alterations in tissue defense systems including 
chemical scavengers or antioxidant molecules and the en-
zymes catalase, superoxide dismutase, and glutathione per-
oxidase have been reported in sodium arsenite-induced myo-
cardial toxicity (Maiti and Chatterjee 2001). 

Until now the studies regarding treatment of arsenic 
toxicity are restricted mainly to some sulfhydryl-containing 
chelating agents [meso 2,3-dimercaptosuccinic acid 
(DMSA), 2,3-dimercaptopropane-1-sulfonate (DMPS) or 
British Anti Lewisite (BAL; 2,3-dimercaprol), antioxidants 
[Vitamin C, Vitamin E and N-acetyl cysteine] and some 
micronutrients [zinc and selenium] (Aposhian and Apo-
shian 2006; Modi et al. 2006). Most of the conventional 
metal chelating agents and antioxidants have been reported 
to possess toxic side effects or disadvantages (Mehta et al. 
2006). Thus, there has been increased interest in the thera-
peutic potential of natural products having antioxidant pro-
perties in reducing free radical-induced tissue injury (Gupta 

and Flora 2006). 
Interestingly, squalene, an isoprenoid molecule (Fig. 1), 

which is present in large quantities in deep-sea shark liver 
oil and in smaller amounts (0.1-0.7%) in palm, wheat-germ, 
olive, and rice-bran oils, has been reported to possess antili-
pidemic, antioxidant and membrane-stabilizing properties 
(Qureshi et al. 1996; Farvin et al. 2006). It plays a role in 
enhancing health through its part in the building blocks of 
hormones and cholesterol and as an antioxidant. Squalene is 
secreted in human sebum, where it protects the skin from 
ultraviolet radiation (Kohno et al. 1995). Studies by Kami-
mura et al. (1992) demonstrated the detoxifying activities of 
squalene against diverse chemicals such as hexachlorobi-
phenyl, hexachlorobenzene, theophylline, phenobarbital and 
strychnine. Squalene has also been found to have a protec-
tive activity against several carcinogens, including azoxy-
methane-induced colon caner and nicotine-derived nitros-
aminoketone-(NMK) induced lung carcinogenesis (Rao et 
al. 1998; Smith et al. 1998). Since squalene is being one of 
the most powerful antioxidant and antilipidemic agents, it 
has to be studied in detail as an important compound for 
better medicinal values. 

Though the beneficial properties of squalene are pro-
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Fig. 1 Structure of squalene. 
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mising and well studied, the protective effects of squalene 
against arsenic poisoning have not yet been explored. 
Hence, we thought it was important to study the effect of 
squalene on myocardial antioxidant system in experimental 
arsenic poisoning in rats by virtue of its hypolipidemic, 
antiperoxidative and membrane stabilizing properties 

 
MATERIALS AND METHODS 
 
Chemicals 
 
Epinephrine, tetraethoxy propane and reduced glutathione were 
obtained from M/s. Sigma Chemical Company, St. Louis. MO, 
USA. Squalene (Specific gravity: 0.853; Refractive index: 1.493; 
Saponification value: 30; Iodine value: 344; Boiling point: 240-
245°C) was prepared from the shark liver oil of Centrophorus sp. 
caught in the Andaman waters. All the other chemicals used were 
of analytical grade. 
 
Isolation of squalene 
 
The fresh shark liver was chopped into pieces, kept in wire mesh 
baskets, and heated to 80°C in a 2% caustic soda solution for 30–
40 min by dipping the liver in alkali, in an open kettle. The floa-
ting oil was skimmed off. Water content was removed by adding 
anhydrous sodium sulfate (25 g/100 ml), and the filtered oil was 
fractionally distilled under vacuum (2 mbar/760 mm Hg) for isola-
tion of squalene. The low boiling fraction that distilled out at 125–
140°C and the major high boiling fraction that distilled out at 240–
245°C were separately collected, and the residue was discarded. 
The fractions were analyzed for purity using an Iatroscan MK-6s 
analyzer (Mitsubishi Kagaku Iatron Inc., Tokyo, Japan). The major 
high boiling fraction, which was 95% pure squalene, was stored in 
the presence of nitrogen in a dark brown bottle at -4°C and used 
for the experiment. 
 
Animals 
 
Wistar strain male albino rats, weighing 120–150 g were selected 
for the study. The animals were housed individually in polyure-
thane cages under hygienic conditions and maintained at room 
temperature. The animals were allowed food and water ad libitum. 
The experiment was carried out according to the guidelines of 
Committee for the Purpose of Control and Supervision of experi-
ments on Animals (CPCSEA), New Delhi, India and approved by 
the Institutional Animal Ethics Committee (IAEC). 
 
Experimental protocol 
 
The animals were divided into four groups of 6 rats each. Group I 
and Group III animals were fed on commercial feed with added 
coconut oil at 2% (wt/wt) for 30 days and Group II and Group IV 
animals were fed on commercial feed with added squalene at 2% 
(wt/wt) for a period of 30 days. Group III and Group IV animals 
were orally administered with sodium arsenite [10 mg (dissolved 
in distilled water)/kg body weight/day] for a period 30 days. Con-
trol animals (Group I and Group II) were orally administered with 
distilled water alone for 30 days. 

At the end of the experimental period, the experimental ani-
mals were sacrificed by using chloroform anesthesia and blood 
was collected with ethylenediaminetetraacetate (EDTA) as an anti-
coagulant for separation of plasma. The heart tissue was excised 
immediately and washed with chilled isotonic saline. Troponin-T 
content in plasma was determined by electrochemiluminescence 
immunoassay (ECLIA) using a Modular Analytics E170 (Elecsys 
module) immunoassay analyzer. Homocysteine (tHcy) concentra-
tion in plasma was assayed by using the Microtiter Plate Assay 
package (Diazyme Laboratories). Creatine phosphokinase (CPK-
MB) activity in plasma was determined by the method of Guzy 
(1977). The heart tissue homogenates prepared in ice-cold 0.1 M 
Tris-HCl buffer, pH 7.2 were used for the determination of lipid 
peroxides (LPO) (Ohkawa et al. 1979), reduced glutathione (GSH) 
(Ellman 1959), glutathione peroxidase [EC 1.11.1.9] (GPx) (Paglia 
and Valentaine (1967), glutathione-S-transferase [EC 2.5.1.18] 
(GST) (Habig et al. 1974), catalase [EC 1.11.1.6] (CAT) (Takahara 

et al. 1960) and superoxide dismutase [EC 1.15.1.1] (Misra and 
Fridovich 1972). 
 
Statistical analysis 
 
Results are expressed as mean ± SD. Multiple comparisons of the 
significant analysis of variance were performed by Duncan’s mul-
tiple comparison test. A P-value <0.05 was considered as statisti-
cally significant. All data were analyzed with the aid of a statisti-
cal package program, SPSS 10.0 for Windows. 
 
RESULTS AND DISCUSSION 
 
Arsenic is a naturally occurring element widely present in 
the environment, with drinking water accounting for the 
majority of chronic human arsenic exposure worldwide. 
Millions of people worldwide are at risk of cancer, heart 
disease and diabetes because of chronic arsenic exposure. 
Oxidative stress is one of the mechanisms with a central 
role involved in the pathogenesis of sodium arsenite-in-
duced myocardial dysfunction. Natural products have been 
the starting point for the discovery of many important mo-
dern drugs. This fact has led to chemical and pharmacolo-
gical investigations and general biological screening prog-
rams for natural products of all over the world. Squalene is 
a potent antioxidant molecule abundantly present in shark 
liver oil. In addition to shark liver oil, squalene is also 
found in variety of other foods, such as cod liver oil [520.3 
�g/g], corn oil [278.9 �g/g], safflower oil [37.2 �g/g], cot-
ton seed oil [27.8 μg/g], lard [22.5 �g/g], chicken meat 
[31.5 �g/g], duck meat [36.4 �g/g], halibut [96.9 �g/g], 
flounder [50 �g/g], tuna [14ug/g], butter [61.3 �g/g], al-
mond 13.2 [�g/g] and pistachio [15.1 �g/g] (Liu et al. 1976). 
The focus of the current study was to evaluate the effects of 
dietary squalene supplementation for its antioxidant and 
membrane-stabilizing properties during experimentally-in-
duced arsenic poisoning in rats. 

Troponins are regulatory proteins essential for contrac-
tion and relaxation processes in the myocardium. Myocyte 
injury results in damage to contractile proteins and is a key 
mechanism responsible for the release of the structurally 
bound cardiac troponin T, and once outside the myocyte, 
these macromolecules are cleared from the interstitium by 
cardiac lymphatics (Sarko and Pollack 2002). In recent 
years an increase in the use of myocardial troponins as 
markers of myocardial injury has been witnessed. O’Brien 
et al. (1997) showed that troponin T is a powerful biomar-
ker in laboratory animals for sensitive and specific detec-
tion of cardiac injury. Our findings confirm the same pattern, 
and show a significant (p < 0.05) increase in the level of 
troponin T in plasma of Group III sodium arsenite-adminis-
tered rats as compared to that of Group I control animals 
(Table 1). Reports by Carnicer et al. (2006) have shown 
that its detection in systemic circulation could be considered 
not only a more sensitive but also a specific marker for as-
sessing the severity of necrotic damage to myocardium. In-
vestigations by Ganesan et al. (2007) have indicated that 
betaine intake attenuates the release of this regulatory pro-
tein from the ischemic myocardium by modulating the elas-
ticity of the plasma membrane. 

In the present study, the dietary supplementation of 
squalene significantly (p < 0.05) reduced the sodium arse-
nite-induced release of troponin T from myocardium into 
the blood stream, thereby demonstrating its protective ac-
tion on the cell membrane. It probably did so by maintaining 
the delicate balance of tonicity in cells in the myocardium. 
The presence of squalene in the cell membrane plays a 
major role in cell volume regulation by modulating the elas-
ticity of the plasma membrane. Cell volume affects the most 
basic processes of cell function, and as such it exerts an im-
portant role in the onset, severity, and outcome of myocar-
dial dysfunction. Reports by Ivashkevich et al. (1981) indi-
cate that squalene is capable of overting severe osmolar 
changes associated with possible cell death. 

Homocysteine is a thiol-containing potentially cytotoxic 
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4-carbon �-amino acid formed during methionine metabo-
lism. Recent studies have shown that even mild hyperhomo-
cysteinemia is associated with an increased risk of cardio-
vascular diseases independently of classical risk factors 
(Senaratne et al. 2000). In the present study, a significant (p 
< 0.05) elevation in the level of homocysteine was noted in 
the plasma of Group III rats as compared to that of Group I 
control animals (Table 1). This is in accordance with an 
earlier report study (Gamble et al. 2007). Homocysteine has 
been reported to induce atherosclerosis either by impairing 
coronary microvascular dilator function (Tawakol et al. 
2002), or by stimulating smooth muscle proliferation, plate-
let activation, thrombogenesis, and endothelial dysfunction 
(Tang et al. 1998). Both in vivo and in vitro studies suggest 
that homocysteine is a potent inducer of inflammatory pro-
cesses in endothelial cells at the level of gene expression 
(Roth et al. 2001; Shai et al. 2004). An elevated level of 
homocysteine is associated with increased interleukin pro-
duction in monocytes and up regulation of vascular cell ad-
hesion molecules (Silverman et al. 2002). 

In the present study, we observed that the dietary intake 
of squalene significantly (p < 0.05) reduced the level of 
homocysteine in plasma of Group IV rats as compared to 
that of Group III sodium arsenite administered rats. It prob-
ably did so by inhibiting the production of monocyte/ 
macrophage-derived interleukins, which triggers firm adhe-
sion of rolling monocytes to vascular endothelium, a neces-
sary prelude to the initiation of atherosclerosis (Gerszten et 
al. 1999). The HMG-CoA reductase inhibitors like lipophi-
lic cerivastatin and fluvastatin have been reported to reduce 
the cardiovascular risk and vulnerability of atherosclerotic 
plaque through non-lipid mechanisms such as inhibition of 
interleukin expression (Ito et al. 2002). Since squalene is 
more lipophilic than statins, it is more permeable to vascu-
lar smooth muscle cells. Hence, it is possible that likewise 
the prime HMG-CoA reductase inhibitor squalene may also 
inhibit both homocysteine and interleukin production. 

The plasma concentration of CPK-MB, a cardiac diag-
nostic marker enzyme was significantly higher (p < 0.05) in 
sodium arsenite administered rats (Group III) compared to 
the control group (Table 1). This is in line with an earlier 
reported study (Saad et al. 2006), which showed that the 
level of CPK-MB released from the damaged myocardium 
into the blood stream was directly proportional to the num-
ber of necrotic cells present in the heart tissue. The release 
of CPK-MB reflects non-specific alterations in the plasma 
membrane integrity and permeability as a response to 
sodium arsenite intoxication. Supplementation of squalene 
significantly (p < 0.05) prevented the sodium arsenite-
induced concentration of CPK-MB in plasma of Group IV 
animals compared to Group III rats, indicating the cytopro-

tective activity of squalene. The membrane stabilizing ac-
tion of squalene is comparable to any other membrane-sta-
bilizing agents like antipyrine and nifedine, which can inter-
calate into the lipid matrix and impart stabilization to myo-
cardial cell membranes (Farvin et al. 2005). It is possible 
that likewise squalene may also prolong the viability of 
myocardial cell membranes from necrotic damage by its 
membrane stabilizing property. 

Biological membranes are sensitive to lipid peroxida-
tion induced by reactive oxygen species. The oxidation of 
unsaturated fatty acids in biological membranes may cause 
impairment of membrane function, decrease in membrane 
fluidity, inactivation of membrane receptors and enzymes, 
increase of non-specific permeability to ions and disruption 
of membrane structure. Oxygen-free radicals are implicated 
as mediators of tissue injury in sodium arsenite-induced car-
diovascular pathology (Kekreja and Hess 1992). In the pre-
sent investigation, a significant (p < 0.05) rise in the level of 
lipid peroxidation was observed in the heart tissue of Group 
III sodium arsenite-administered rats as compared to con-
trols. Lipid peroxidation has been identified as one of the 
basic deteriorative reaction in cellular mechanisms of the 
sodium arsenite-induced myocardial dysfunction (Yáñez et 
al. 1991). A parallel decline (p < 0.05) in the level of GSH 
(Table 3) in the heart tissue of Group III animals was also 
observed. Peroxidation of endogenous lipid might be a 
major factor involved in the cytotoxic nature of sodium ar-
senite. Our results also suggested that sodium arsenite-ad-
ministered rats might be less resistant and more susceptible 
to lipid peroxidation in the presence of promoters like as-
corbate, FeSO4 and t-BH (Table 2). 

Lipid peroxidation of membranes is regulated by the 
availability of substrate in the form of polyunsaturated fatty 
acids (PUFA), the availability of inducers such as free radi-
cals and the exited state molecules to initiate propagation, 
the antioxidant defense status of environment and the physi-
cal status of membrane lipids (Dhandapani et al. 2007). The 
unpaired electron present in the hydroxyl free radical reacts 
with polyunsaturated fatty acids to form reactive lipid radi-
cals harmful to the structural and functional integrity of the 
myocardial membrane. The results of the present study sug-
gested that the high vulnerability myocardium to peroxida-
tive damage may be due to a decline in the level of free ra-
dicals for scavengers. 

In the present study, the dietary supplementation of 
squalene significantly (p < 0.05) inhibited the sodium arse-
nite-mediated lipid peroxidation in the heart tissue of Group 
IV rats, establishing its antioxidant nature. Squalene is 
highly lipophilic and, when administered exogenously, it 
can readily pass across the membrane lipid bilayer. The abi-
lity of squalene to diffuse into intracellular compartments 

Table 1 Levels of troponin T, homocysteine and creatine phosphokinase-MB (CPK-MB) in the plasma of normal and experimental groups of rats. 
Parameters Group I Group II Group III Group IV 
Troponin T 0.05 ± 0.01 a 0.05 ± 0.01 a 1.85 ± 0.09 b 0.11 ± 0.01 c 
Homocysteine 4.82 ± 0.28 a 4.96 ± 0.33 a 14.32 ± 1.27 b 5.48 ± 0.46 a 
CPK-MB 94.12 ± 7.42 a 88.54 ± 7.28 a 32.47 ± 2.13 b 106.37 ± 8.45 c 

Group I and Group II: Normal control rats were received standard diet mixed with 2% coconut oil (wt/wt) and 2% squalene (wt/wt) respectively for a period of 30 days; 
Group III and Group IV: Experimental rats were received standard diet mixed with 2% coconut oil (wt/wt) and 2% squalene (wt/wt) respectively for a period of 30 days and 
orally administered with sodium arsenite [10 mg/kg body weight/day] for a period 30 days. 
Results are mean ± SD for 6 animals. Values expressed: Troponin T, ng ml-1. Homocysteine, �mol l-1. Creatine phosphokinase-MB, �mol creatine liberated h-1 l-1. One way 
ANOVA. Duncan’s multiple comparison test. Values that have a different letter differ significantly (p < 0.05) with each other.  
 

Table 2 Level of lipid peroxidation (LPO) in the presence of promoters (2 mM) ascorbic acid, ferrous sulphate (FeSO4) and tert-butyl hydroperoxide (t-
BH) in the heart tissue of normal and experimental groups of rats. 
Parameters Group I Group II Group III Group IV 
Basal 0.85 ± 0.05 a 0.77 ± 0.03 a 2.31 ± 0.18 b 1.18 ± 0.15 c 
Ascorbic acid 3.67 ± 0.33 a 3.32 ± 0.26 a 6.02 ± 0.48 b 4.18 ± 0.31 c 
FeSO4 4.25 ± 0.22 a 4.11 ± 0.27 a 6.75 ± 0.37 b 4.41 ± 0.31 a 
t-BH 5.92 ± 0.39 ac 5.75 ± 0.34 a 7.91 ± 0.52 b 6.27 ± 0.43 c 

Group I and Group II: Normal control rats were received standard diet mixed with 2% coconut oil (wt/wt) and 2% squalene (wt/wt) respectively for a period of 30 days; 
Group III and Group IV: Experimental rats were received standard diet mixed with 2% coconut oil (wt/wt) and 2% squalene (wt/wt) respectively for a period of 30 days and 
orally administered with sodium arsenite [10 mg/kg body weight/day] for a period 30 days. 
Results are mean ± SD for 6 animals. Values expressed: LPO, nmol malondialdehyde released mg protein-1. One way ANOVA. Duncan’s multiple comparison test. Values 
that have a different letter differ significantly (p < 0.05) with each other.  
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helps in the capability of this isoprenoid as a potent antioxi-
dant (Buddhan et al. 2007). The unpaired electron present 
in the hydroxyl radical (OH•) generated during sodium arse-
nite-induced during myocardial toxicity might have been 
trapped for dismutation by its free radical scavenging iso-
prenoid unit. Studies by Miyachi et al. (1983) have shown 
that subsequent to oxidative stress, such as sunlight expo-
sure, squalene functions as an efficient quencher of singlet 
oxygen and it prevents the corresponding lipid peroxidation 
in human skin surface. An earlier report (Dhandapani et al. 
2008) indicated that dietary supplementation of squalene 
modulated PUFA-mediated peroxidative damage to the 
myocardial membrane by its antioxidant and membrane sta-
bilizing properties. The rate constant of quenching of sing-
let oxygen by squalene is much larger than those of other 
lipids, and to be comparable to 3,5-di-t-butyl-4-hydroxyto-
lene (BHT). Reports by Kohno et al. (1995) have shown 
that squalene is not particularly susceptible to peroxidation 
and is stable against attacks by peroxide radicals. Hence, it 
is postulated that the chain reaction of lipid peroxidation is 
unlikely to be propagated with the presence of adequate 
levels of squalene in the cellular and subcellular membranes 
of the myocardium. 

The glutathione antioxidant system plays a fundamental 
role in cellular defense against reactive free radicals and 
other oxidant species. The cellular tripeptide, GSH (�-glu-
tamyl cysteinyl glycine) thwarts peroxidative damage by 
neutralizing the free radicals. Significant (p < 0.05) decline 
in the level of reduced glutathione and the activities of glu-
tathione-dependent antioxidant enzymes (GPx and GST) 
and the antiperoxidative enzymes (SOD and CAT) was 
noted in the heart tissue of Group III sodium arsenite-ad-
ministered rats as compared to Group I control animals, 
indicating the severity of sodium arsenite-mediated oxida-
tive stress (Table 3). This is in accordance with earlier re-
ports (Flora et al. 2007). Reduction in the activities of these 
antioxidant enzymes may lead to the excessive formation of 
O2- and H2O2, which in turn can form hydroxyl radical 
(OH•) and bring about a number of reactions harmful to the 
cellular and subcellular membranes. The generation of free 
radical scavenging enzymes in sodium arsenite-induced 
myocardial toxicity might have exceeded the ability of 
these free radical scavenging enzymes to dismute the radi-
cals, resulting in enhanced the susceptibility of myocardial 
cell membrane to peroxidative damage. 

In the present study, supplementation of squalene sig-
nificantly (p < 0.05) prevented the sodium arsenite-induced 
aberrations in the level of GSH and the activities of antioxi-
dant enzymes in the heart tissue of Group IV rats as com-
pared to that of Group III rats. It probably did so by its anti-
oxidant action against sodium arsenite-induced lipid peroxi-
dation. Squalene occurs in the midplane of the lipid bilayer 
and stabilizes the layers of cellular and subcellular mem-
branes through the formation of complexes with the fatty 
acids in the phospholipid bilayer membranes (Hauss et al. 
2002). Squalene maintains the balance between the hydro-
philic and hydrophobic clusters inside the cell membrane 
and suppresses the effect of hydrolyzed products that affect 
of membrane stability (Haines 2001). Previous studies by 
Ivashkevich et al. (1981) have shown that lipophilic anti-

oxidant molecules inhibit lipid peroxidation in cellular 
membranes as a result of distinct biophysical interactions 
with membrane lipid bilayer. Squalene has already been re-
ported to exert antioxidant action through forcing structural 
interactions with membrane lipids (Buddhan et al. 2007). 
The lipid-soluble squalene has been reported to have a grea-
ter free radical scavenging activity than the known potent 
non-enzymatic antioxidants GSH, and vitamins C and E. 
Earlier reports by Das et al. (2003) have shown that squa-
lene exerts a significant protective action against cisplatin-
induced toxicity in neuroblastoma cells similar to that of 
GSH, which is well known to detoxify platinum compounds 
by enhancing the GSH-GST detoxification system. It also 
suggests that squalene has a selective in vitro cytoprotective 
effect on bone marrow-derived hemopoietic stem cells that 
is equipotent to GSH. 

In conclusion, the results of the present study indicate 
that the dietary supplementation of squalene prevents so-
dium arsenite-induced myocardial toxicity in rats. The over-
all protective effect of squalene is probably due to it mem-
brane stabilizing action, or to a counteraction of free radi-
cals by its antioxidant nature, or to its ability to maintain 
near to the normal status the activities of the free radical 
scavenging enzymes and the level of reduced glutathione, 
which protect myocardial membrane against peroxidative 
damage by decreasing lipid peroxidation and strengthening 
the myocardial membrane. 
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conjugate formed min-1 mg-1 protein; GPx, nmol GSH oxidized min-1 mg-1; SOD, one unit of the SOD activity is the amount of protein required to give 50% inhibition of 
epinephrine autooxidation. One way ANOVA. Duncan’s multiple comparison test. Values that have a different letter differ significantly (p < 0.05) with each other. 
 

101



Protective effect of squalene against arsenic poisoning. Rajesh and Lakhsmanan 

 

Flora SJ, Bhadauria S, Kannan GM, Singh N (2007) Arsenic induced oxi-
dative stress and the role of antioxidant supplementation during chelation. 
Journal of Environmental Biology 28, 333-347 

Gamble MV, Liu X, Slavkovich V, Pilsner JR, Ilievski V, Factor-Litvak P, 
Levy D, Alam S, Islam M, Parvez F, Ahsan H, Graziano JH (2007) Folic 
acid supplementation lowers blood arsenic. American Journal of Clinical Nu-
trition 86, 1202-1209 

Ganesan B, Rajesh R, Anandan R, Dhandapani N (2007) Protective effect of 
betaine on changes in the levels of protein, glycoproteins and amino acids in 
isoprenaline-induced myocardial infarction in rats. African Journal of Bio-
chemistry Research 1, 117-123 

Gerszten RE, Garcia-Zepeda EA, Lim YC, Yoshida M, Ding HA, Gimbrone 
M, Luster AD, Luscinskas FW, Rosenzweig A (1999) MCP-1 and IL-8 trig-
ger firm adhesion of monocytes to vascular endothelium under flow condi-
tions. Nature 398, 718-723 

Gupta R, Flora SJ (2006) Effect of Centella asiatica on arsenic induced oxi-
dative stress and metal distribution in rats. Journal of Applied Toxicology 26, 
213-222 

Guzy PM (1977) Creatine phosphokinase-MB (CPK-MB) and the diagnosis of 
myocardial infarction. Western Journal of Medicine 127, 455-460 

Habig WH, Pabst MJ, Jackoby WBC (1974) Glutathione-S-transferases: The 
first enzymatic step in mercapturic acid formation. The Journal of Biological 
Chemistry 249, 7130-7139 

Haines TH (2001) Do sterols reduce proton and sodium leaks through lipid 
bilayers? Progress in Lipid Research 40, 299-324 

Hauss T, Dante S, Dencher NA, Haines TH (2002) Squalane is in the mid-
plane of the lipid bilayer: implications for its function as a proton permeabi-
lity barrier. Biochimica et Biophysica Acta 1556, 149-154 

Hei TK, Liu SX, Waldren C (1998) Mutagenicity of arsenic in mammalian 
cells: role of reactive oxygen species. Proceedings of the National Academy 
of Sciences USA 95, 8103-8107 

Ito T, Ikeda U, Yamamoto K, Shimada K (2002) Regulation of interleukin-8 
expression by HMG-CoA reductase inhibitors in human vascular smooth 
muscle cells. Atherosclerosis 165, 51-55 

Ivashkevich SP, Apukhovskaia LI, Vendt VP (1981) Effects of sterols having 
different chemical structure and squalene on osmotic resistance of erythro-
cytes. Biokhimiia 46, 1420-1425 

Kamimura H, Koga N, Oguri K, Yoshimura H (1992) Enhanced elimination 
of theophylline, phenobarbital and strychnine from the bodies of rats and 
mice by squalane treatment. Journal of Pharmacobio-dynamics 15, 215-21 

Kekreja RC, Hess ML (1992) The oxygen free radical system from equation 
through membrane protein interactions to cardiovascular injury. Cardiovas-
cular Research 26, 641-655 

Kohno Y, Egawa Y, Itoh S (1995) Kinetic study of quenching reaction of sing-
let oxygen and scavenging reaction of free radical by squalene in n-butanol. 
Biochimica et Biophysica Acta 1257, 52-56 

Liu GC, Ahrens EH Jr., Schreibman PH, Crouse JR (1976) Measurement of 
squalene in human tissues and plasma: validation and application. Journal of 
Lipid Research 17, 38-45 

Lynn S, Shiung JN, Gurr JR, Jan KY (1998) Arsenite stimulates poly (ADP-
ribosylation) by generation of nitric oxide. Free Radical Biology and Medi-
cine 24, 442-449 

Maiti S, Chatterjee AK (2001) Effects on levels of glutathione and some rela-
ted enzymes in tissues after an acute arsenic exposure in rats and their rela-
tionship to dietary protein deficiency. Archives of Toxicology 75, 531-537 

Mehta A, Pant SC, Flora SJ (2006) Monoisoamyl dimercaptosuccinic acid in-
duced changes in pregnant female rats during late gestation and lactation. 
Reproductive Toxicology 21, 94-103 

Mishra D, Flora SJ (2008) Quercetin administration during chelation therapy 
protects arsenic-induced oxidative stress in mice. Biological Trace Element 
Research 122, 137-147 

Misra HP, Fridovich I (1972) The role of superoxide anion in the autoxidation 
of epinephrine and a simple assay for superoxide dismutase. The Journal of 
Biological Chemistry 247, 3170-3175 

Miyachi Y, Horio T, Imamura S (1983) Sunburn cell formation is prevented 
by scavenging oxygen intermediates. Clinical and Experimental Dermato-
logy 8, 305-310 

Modi M, Kaul RK, Kannan GM, Flora SJ (2006) Co-administration of zinc 
and n-acetylcysteine prevents arsenic-induced tissue oxidative stress in male 
rats. Journal of Trace Elements in Medicine and Biology 20, 197-204 

Mukherjee AB, Bhattacharya P (2002) Atmospheric emissions, depositions, 
and transformations of arsenic in natural ecosystem in Finland. Scientific 
WorldJournal 2, 1667-1675 

O’Brien PJ, Dameron GW, Beck ML, Kang YJ, Erickson BK, Di Battista 
TH, Miller KE, Jackson KN, Mittelstadt S (1997) Cardiac troponin T is a 
sensitive, specific biomarker of cardiac injury in laboratory animals. Labora-
tory Animals 47, 486-495 

Ohkawa H, Ohishi N, Yagi K (1979) Assay for lipid peroxides in animal tissue 
by thiobabituric acid reaction. Analytical Biochemistry 95, 351-358 

Paglia DE, Valentine WN (1967) Studies on the quantitative and qualitative 
characterization of erythrocyte glutathione peroxidase. Journal of Laboratory 
and Clinical Medicine 70, 158-169 

Qureshi AA, Lehmann JW, Peterson DM (1996) Amaranth and its oil inhibit 
cholesterol biosynthesis in six week old female chickens. Journal of 
Nutrition 126, 1972-1978 

Rao CV, Newmark HL, Reddy BS (1998) Chemopreventive effect of squalene 
on colon cancer. Carcinogenesis 19, 287-290 

Roth J, Goebeler M, Ludwig S, Wagner L, Kilian K, Sorg C, Harms E, 
Schulze-Osthoff K, Koch H (2001) Homocysteine inhibits tumor necrosis 
factor-induced activation of endothelium via modulation of nuclear factor-
kappa b activity. Biochimica et Biophysica Acta 1540, 154-165 

Saad SY, Alkharfy KM, Arafah MM (2006) Cardiotoxic effects of arsenic 
trioxide/imatinib mesilate combination in rats. Journal of Pharmacy Pharma-
cology 58, 567-573 

Sarko J, Pollack CV (2002) Cardiac troponins. Journal of Emergency Medi-
cine 23, 57-65 

Senaratne MP, Griffiths J, Nagendran J (2000) Elevation of plasma homo-
cysteine levels associated with acute myocardial infarction. Clinical and 
Investigative Medicine 23, 220-226 

Shai I, Stampfer MJ, Mab J, Manson JE, Hankinson SE, Cannuscio C, Sel-
hub J, Curhanc G, Rimma EB (2004) Homocysteine as a risk factor for 
coronary heart diseases and its association with inflammatory biomarkers, 
lipids and dietary factors. Atherosclerosis 177, 375-381 

Silverman MD, Tumuluri R, Davis M, Lopez G, Rosenbaum JT, Lelkes PI 
(2002) Homocysteine upregulates vascular cell adhesion molecule-1 expres-
sion in cultured human aortic endothelial cells and enhances monocyte adhe-
sion. Arteriosclerosis Thrombosis, and Vascular Biology 22, 587-592 

Smith TJ, Yang GY, Seril DN, Liao J, Kim S (1998) Inhibition of 4-(methyl-
nitrosamino)-1-(3-pyridyl)-1butanone-induced lung tumerogenisis by dietary 
olive oil and squalene. Carcinogenesis 19, 703-706 

Soucy NV, Klei LR, Mayka DD, Barchowsky A (2004) Signaling pathways 
for arsenic-stimulated vascular endothelial growth factor-a expression in pri-
mary vascular smooth muscle cells. Chemical Research in Toxicology 17, 
555-563 

Takahara S, Hamilton HB, Neel JV, Kobara TY, Ogura Y, Nishimura ET 
(1960) Hypocatalasemia: A new genetic carried state. Journal of Clinical In-
vestigation 29, 610-619 

Tang L, Mamotte CD, van Bockxmeer FM, Taylor RR (1998) The effect of 
homocysteine on DNA synthesis in cultured human vascular smooth muscle. 
Atherosclerosis 136, 169-173 

Tawakol A, Forgione MA, Stuehlinger, M, Alpert NM, Cooke JP, Loscalzo J 
Fischman AJ, Creager MA, Gewirtz H (2002) Homocysteine impairs coro-
nary microvascular dilator function in humans. Journal of the American Col-
lege of Cardiology 40, 1051-1058 

Yáñez L, Carrizales L, Zanatta MT, Mejía JJ, Batres L, Díaz-Barriga F 
(1991) Arsenic-cadmium interaction in rats: toxic effects in the heart and tis-
sue metal shifts. Toxicology 67, 227-234 

 
 

102


