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During the past three decades research has been carried out to 
elucidate the role of free radicals and reactive oxygen species 
play in various pathophysiological processes (Fridovich 1986; 
Slater et al 1987). Membranes of subcellular organelles contain 
relatively high concentrations of polyunsaturated lipids as well 
as hemoproteins which are strong catalysts of lipid peroxidation. 
Lipid peroxides (LPO) destroy membrane integrity and decrease 
membrane fluidity and elasticity (Burch and Thayer 1983). Selenium 
is known both as an important essential trace element and an 
environmental pollutant (Jacobs and Forst 1981). Selenium has many 
uses in the industries (Hasan and Guler 1989). The main source of 
selenium for the mammalian organism is food (from the soil into 
the vegetables and grain) and to a lesser extent, drinking water. 
A number of syndromes of selenium toxicity in animals have been 
described (Yang 1987). Selenium is regarded as the most important 
biological antioxidant. The antioxidant function of selenium is 
linked to the activity of seleno enzyme glutathione peroxidase 
(GPx), which catalyses the reduction of hydroperoxides (Sin~nons 
and Jammall 1988). The antioxidant enzymes like superoxide 
dismutase (SOD) reduce superoxide radicals to H202 which inturn is 
converted into water by catalase (CAT) and peroxidases. The 
preferential oxidation of glutathione by peroxides is catalysed by 
GPx. The oxidized glutathione is then reduced by glutathione 
reductase (GR) and maintains the reduced glutathione levels in the 
system in a cyclic manner. Further, glutathione transferases (GST) 
catalyses the transformation of a wide variety of electrophilic 
compounds to less toxic compounds by conjugating them to GSH. 

The present study evaluated the biochemical basis of selenium 
induced lipid peroxidative damage to heart tissues in chick 
embryos and the role of antioxidant enzymes like GPx, GST, GR, SOD 
and CAT. 

~ AND MKTH[~S 

Freshly laid Bobcock strain zero day old eggs were procured from a 
poultry farm (Balaji Hatcheries, Tirupati). They were placed in an 
egg incubator, the temperature of which was already maintained 
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at 37~ with 65% relative humidity. The eggs were rotated 
manually once a day during incubation. Injections of selenium (as 
selenium dioxide) dissolved in sterile distilled water of 
different concentrations (12.5 and 37.5 ~moles/kg egg wt.) in i0 
~i were given to 14 d old chick embryos. Control embryos were 
injected with the same amount of distilled water. Injections were 
given through a small hole directly into the yolk sac and the hole 
was covered with surgical tape to prevent infection. A minimum of 
25 embryos were used in each group. Embryos were sacrificed after 
different time intervals of selenium exposure to collect heart 
tissues for the determination of lipid peroxidation and 
antioxidant enzyme activities. Chick embryos were dissected and 
heart tissues were removed quickly, weighed and chilled in ice 
cold 0.9% NaCl. Level of lipid peroxidation was measured using 
thiobarbituric acid reaction as described by Ohkawa et al (1979). 
Tissues were collected and homogenized in 3 volumes of 70 mM 
phosphate buffer pH 7.4 containing 0.25 M sucrose, i0 n~M EDTA and 
1% Triton X-100. Post mitochondrial supernatants were prepared by 
centrifuging the homogenates at 12,000 rpm for i0 min and 
immediately antioxidant enzyme activities were estimated. 
Superoxide dismutase activity was measured by the method of Misra 
and Fridovich (1972). Catalase activity was determined by the 
method of Beer and Sizer (1952). Glutathione peroxidase activity 
was determined by continuous monitoring of NADPH oxidation in a 
recycling assay as described by Wendel (1981). Glutathione-S- 
transferase activity was measured using l-chloro-2,4-dinitro- 
benzene as a substrate as previously described by Habig et al 
(1974). Glutathione reductase activity was assayed as described by 
Carlberg and Mannervik (1981). The protein content was determined 
by the method of Lowry et al (1951) using bovine serum albumin as 
a standard. 

~ T S  AND DISCUSSION 

A very significant induction of LPO levels was observed with 
selenium treatment at initial hours of exposure like 3 and 6 hr 
and returned to normal levels by 48 hr (Fig. i). We observed a 
dose dependent increase of LPO levels with selenium treatment and 
generally the LPO levels in controls decreased with age. There was 
120 and 140 per cent induction of LPO levels observed with 37.5 
~moles of Se at 3 and 6 hr respectively. Our results are in 
agreement with Dougherty and Hoeckstra (1982) who showed acute 
selenite toxicity induced lipid peroxidation in rat heart. 
Selenium compounds are known to affect many cellular processes and 
functions (Ganther 1986). The ability of antioxidative protective 
systems to metabolize lipid peroxide or inhibit their formation is 
important in determining the level of LPO in tissues. 

Results in Table 1 shows the effect of selenium on SOD and CAT 
activities at different time intervals. At early hours of selenium 
exposure both SOD and CAT activities were reduced. Maximum 
reduction was observed in SOD (73%) and CAT (53%) activities at 6 
hr with 37.5 ~moles of Se treatment. Superoxide dismutase (EC 
1.15.1.1) and catalase (EC 1.11.1.6) together forms an integral 
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Figure .l . Effect of Selenium on heart  lipid peroxide levels 
of chick embryos.  Mean +- S . D . ( N  = 25) 

part of the enzymatic defense against a free radical attack on 
biological membranes. Hence, the decreased activity of both SOD 
and CAT may be responsible for increased production of LPO. This 
is further confirmed by the normal levels of SOD and CAT together 
with normal LPO levels at 48 hr. 

The action of selenium on GSH dependent enzyme system like GPx is 
shown in Fig. 2. Even excess amounts of Se failed to enhance the 
GPx activity which is a known selenoenzyme (Sinmons and Janm~ll 
1988) that catalyzes the reduction of H202 and a variety of 
organic hydroperoxides (ROOH) to water or the corresponding 
hydroxyl conloound. Though the tissues of a majority of species 
studied contain appreciable levels of GPx activity (Wendel 1980), 
it is subject to numerous influences including dietary selenium 
(Scott et al 1977), age (Viarengo et al 1991), environmental 
factors (Srivastava et al 1988) and ingestion of peroxidized 
lipids (Reddy and Tappel 1974). Hence, the knowledge of biological 
and non-biological factors that influence the activity of this 
enzyme is therefore important in the study of detoxification, 
aging and other degenerative process. No change in the GPx 
activity was observed at 3 and 6 hr after exposure, while a 
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Figure.2.Effect of Selenium on heart GPx activity in 
chick embryos. Mean +S.D(N=25) 

significant 52 per cent increase was observed after 48 hr. The 
induction of the antioxidative protective systems are known to be 
a compensatory reaction against lipid peroxide induced damage 
(Sagai et al 1982). It is evident from our results that there was 
considerable reduction of LPO levels with concomitant increase of 
GPx activity at 48 hr after selenium exposure. 
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Table 2 shows the effect of selenium on GST and GR activities. The 
response of GST and GR activities are similar to that of GPx. No 
change in activities of these two enzymes were observed at 3 and 6 
hr, while 87 and 25 per cent increase in GST and GR activities 
were observed at 48 hr. Glutathione transferases function as a 
scavenger protein for many reactive intermediates (Younes et al 
1980). Few isoenzymes of GST are known to possess Non-Se-GPx 
activity (Prohaska and Ganther 1977). Hence, it can be suggested 
that the enhanced activities of GSH dependent enzymes scavenge 
free radicals and LPO and detoxify them. 

It can be concluded from our results that selenium administration 
caused the accumulation of LPO in heart tissues of chick embryos. 
The elevated levels of LPO at 6 hr after Se treatment may be due 
to reduced antioxidant enzymes like SOD and catalase. However, the 
induction of LPO was considerably reduced at 48 hr with 
concomitant raise in activities of GPx and GST. 
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