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1. INTRODUCTION 

Inflammation is the reaction of the body to the 

unwanted state and plays important roles 

activitation of the primary response’s cells. 

Macrophages are activated for local 

phagocytosis and released cytokines such as 

tumor necrosis factor (TNF-α) in this process 

[1]. Lipopolysaccharide (LPS) is a component 

of the outer membrane of Gram-negative 

bacteria used in experimental models of 

inflammation. LPS stimulates proinflammatory 

cytokine cascades by plasma membrane proteins 

such as TNF-α, NF-κB and IL-6 [2]. 

The trace element Sodium Selenite (SS) is a 

mineral found in the soil and naturally appears 

in water and some foods. It plays an important 

role in the safety of many biological processes 

because of its antigenotoxic and antimutagenic 

properties. SS has attracted attention because of 

maintaining intracellular redox balance and 

reducing the risk for accumulation of reactive 

oxygen species (ROS) in cells [3]. It may 

protect system from many diseases such as 

cancers and cardiovascular disease [4]. Several 

studies have shown that it has antioxidative 

properties that may be provide protection 

antioxidant capacity by increasing activities of 

antioxidant enzymes and by enhancing levels of 

the antioxidants in animals [5], plants [6], and 

humans [7]. 

Vitamin E (alfa tocopherol) (VE) is the well 

known lipid soluble antioxidant. It is one of the 

main non-enzymatic antioxidants [8, 9]. VE is 

known to be the first line of the antioxidant 

protection [10]. Protective effect of VE has been 

investigated for its beneficial effect on human 

health, especially its antioxidant properties, and 

cell protective activity [10]. VE is also 

recognized for its anti-carcinogenic properties 

[11].  

MDA is one of the major oxidation products of 

peroxidized polyunsaturated fatty acids and 

increased MDA content is an important 

indicator of LPO. Under physiological 

conditions, intracellular antioxidant enzymes, 

such as SOD, CAT, GPx, and GST, eliminate 

ROS, thereby playing an integral role in the 

antioxidative stress defenses of the cell [12]. 

Administration of cisplatin causes a lipid 

peroxide (MDA) levels and a decrease in the 
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Abstract: The aim of this study is to investigate the protective effect of Sodium Selenite (SS) and Vitamin E 

(VE) on lipopolysaccharide (LPS)-induced hepatotoxicity through oxidative stress parameters in a rat model. 

Only saline solution was given for control group. Single dose of LPS (10 mg/kg b.w.) was administered 

intraperitoneal (i.p.) to the rats for first day and the animals were treated with VE (200 mg/kg b.w) and SS 

(0.35 mg/kg b.w) plus LPS (10 mg/kg b.w.) for treatment group. Malondialdehyde (MDA) levels and 

antioxidant enzymes activities were detected. SOD, CAT, GPx and GST activities decreased and MDA level 

increased in the LPS-treated group in liver tissue (P < 0.05). SS and VE treatment leads to a increment of 

effectiveness of the antioxidant enzyme defense system. Based on findings, these changes were restored to 

near normal levels by VE and SS but it does not protect completely. 
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activity of enzymes that prevent or protect 

against the lipid peroxidation in the tissues [13].   

Excessive ROS such as superoxide (O2·
−
), 

hydrogen peroxide (H2O2), hydroxyl radical 

(OH
•−

), and peroxynitrite (ONOO
−
) act against 

various defence mechanisms, involving 

enzymatic (CAT, SOD, GPx, GST) and non-

enzymatic systems (ascorbic acid, carotene, 

glutathione, tocopherol) and the biological 

damage occurs in cells [14, 15]. ROS do not 

only harmful substances for various cells but 

also effects activity of biomacromolecules such 

as DNA [16]. 

The aim of this study was to determine the 

effect of LPS exposure on the liver tissue of 

male rats and to assess whether these effects can 

be ameliorated by co-treatment with, so called,  

little effects of VE and SS. To achieve this aim, 

rats were given LPS and VE and SS by oral 

gavage for six hours, then malondialdehyde 

(MDA) levels, SOD, CAT, GPx and GST 

activities in their liver tissues were assessed. 

2. MATERIAL & METHODS  

2.1. Drugs and Chemicals 

Lipopolysaccharide (Escherichia coli LPS, 

serotype 0127:B8), SS and VE were purchased 

from Sigma Chemical Co. All other reagents 

were obtained from Sigma. The treatment 

protocol used in this study according to a 

previously reported [17]. LPS was dissolved in 

water and administered intraperitoneally. SS and 

VE were dissolved in water and corn oil, 

respectively, before use then the solution was 

orally administered to animals and the doses of 

SS and VE that were used in this study (200 and 

0.35 mg/kg b.w.) were selected based on the 

work of Celikoğlu et al. [18] and Kalaz et al. 

[19]. 

2.2. Animals 

Erciyes University’s Experimental Animal 

Laboratory (HADYEK) Institute (16/133) 

approved experimental procedures of the study. 

Twenty eight male adult Wistar-Albino rats bred 

in laboratory. Housing was at 22-24 °C with 

provided 12 hours sunlight during ten days. Ad 

libitum feeding method was performed with 

standard laboratory diet. At the start of the 

experiment, the rats weighed 250-300 g. They 

were randomly divided into control and 

treatment groups and housed in stainless-steel 

cages each containing seven rats. The 

experimental design was given below. 

2.3. Animal Treatment Schedule 

The rats were divided into two groups: control 

(n = 7) and experimental (n = 21) groups. Rats 

in the experimental group were divided into two 

treatment groups: Single dose of LPS 

intraperioneally (ip) 10 mg/kg body weight 

(b.w.)-treated (n = 7), VE (200 mg/kg b.w) + SS 

(0.35 mg/kg b.w)-treated (n=7), VE (200 mg/kg 

b.w) + SS (0.35 mg/kg b.w) + LPS (10 mg/kg 

b.w)-treated (n=7) group.  

Each rat received intraperitoneal (ip) injection 

of 1 mL of 0.9% NaCl saline solution 30 min 

apart as twice for control group. The substances 

were administered in the morning (between 

09:00 and 10:00 h) to non-fasted rats. LPS, VE 

and SS were injected intraperitoneally, 30 min 

after normal saline administration for treatment 

group.  At the end of the six hours of treatment, 

the rats in each group were weighed and then 

sacrificed and dissected, and tissue samples 

were taken to assess antioxidative defence 

constituents and malondialdehyde contents. 

2.4. Biochemical Evaluation  

The liver tissues were dissected and washed in 

sodium phosphate buffer (pH 7.2). After 

washing, samples were taken and stored at −80 
◦
C until the analysis. The tissues were 

homogenized using a Teflon homogenizer 

(Heidolph Silent Crusher M), and then the 

homogenates were centrifuged at 10,000 × g for 

15 min at 4°C. All processes were carried out at 

4°C. MDA content and antioxidant enzyme 

activities were determined by measuring the 

absorbance of the samples in a 

spectrophotometer (Shimadzu UV 1800, Kyoto, 

Japan).  

2.5. Assessment of Oxidative Stress 

2.5.1. Measurement of Malondialdehyde (MDA) 

MDA content was assayed using the 

thiobarbituric acid (TBA) test as described by 

Ohkawa et al. [20]. MDA reacts with TBA to 

form a colored complex and these reactions 

were measured spectrophotometrically at 532 

nm to measure MDA levels. The specific 

activity was defined as nmol per mg protein. 

2.5.2. Measurement of Superoxide Dismutase 

(SOD) 

SOD activity was measured as the inhibition of 

autoxidation of pyrogallol, according to the 

method of Marklund and Marklund [21]. The 

activity was monitored at 440 nm for 180s. Data 

is expressed as USOD/mg protein. 
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2.5.3. Measurement of Catalase (CAT) 

CAT activity in liver tissue was measured 

according to the method of Aebi [22] as the rate 

of decomposition hydrogen peroxide (H2O2) at 

240 nm for 60 s. Data is expressed as UCAT/mg 

protein. 

2.5.4. Measurement of Glutathione Peroxidase 

(GPx) 

GPx activity was determined spectrophoto-

metrically according to the method of Paglia and 

Valentine [24]. Briefly, reaction mixtures 

contained NADPH, reduced glutathione, Tris-

HCl, and glutathione reductase. Reactions were 

initiated by the addition of H2O2, and GPx 

activity was measured as the change in 

absorbance at 340 nm. Data is presented as 

UGPx/mg protein. 

2.5.5. Measurement of Glutathione-S-

transferase (GST)  

Enzyme activities of GST of liver were analysed 

by determination of the generation of 

glutathione and the 1-chloro 2,4-dinitrobenzene 

conjugate [24]. Increments in absorbance were 

stated at 340 nm. The enzyme is represented as 

micromols of glutathione 1-chloro 2,4-

dinitrobenzene conjugate formed per minute per 

milligram protein.  

2.6. Protein Estimation 

The protein concentration in all samples 

mentioned was determined earlier by the 

method of Lowry et al. (1951) using bovine 

serum albumin as a standard [25]. 

2.7. Data Analysis    

Differences among the experimental groups 

were analyzed by the software program SPSS 

11.0 for Windows. The significance was 

calculated using a one-way analysis of variance 

(ANOVA) followed by the Tukey multiple 

comparison procedure. A value of p < 0.05 was 

considered statistically significant. 

3. RESULTS 

3.1. Changes in Antioxidant Enzymes and 

MDA Levels 

When the LPS, LPS plus VE and SS treated 

groups were compared with the control group at 

the end of six hours, there were significantly 

increased in the MDA levels in the liver tissues. 

The MDA levels were decreased statistically 

significantly in the VE and SS plus LPS treated 

group compared to LPS treated group (P < 0.05, 

Figure 1). 

Compared to the control group, there were 

statistically significantly decreased in the SOD, 

CAT, GPx and GST activities in the LPS treated 

groups at the end of the six hours. However, 

SOD, CAT, GPx and GST activities was 

increased in LPS and VE plus SS treated groups 

compared with the LPS treated group in liver 

tissue (P < 0.05, Figures 2-5). 

 

Figure1. Effects of treatment of LPS on MDA 

content in the liver tissues of rats. Data represents 

the means ± SD of seven samples. Values are mean ± 

SD of seven rats in each group. Significance at P < 

0.05. 

 

Figure2. Effects of treatment of LPS on SOD content 

in the liver tissues of rats. Data represents the means 

± SD of seven samples. Values are mean ± SD of 

seven rats in each group. Significance at P < 0.05. 

 
Figure 3. Effects of treatment of LPS on CAT content 

in the liver tissues of rats. Data represents the means 

± SD of seven samples. Values are mean ± SD of 

seven rats in each group. Significance at P < 0.05. 
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Figure 4. Effects of treatment of LPS on GPx content 

in the liver tissues of rats. Data represents the means 

± SD of seven samples. Values are mean ± SD of 

seven rats in each group. Significance at P < 0.05. 

 
Figure 5. Effects of treatment of LPS on GST content 

in the liver tissues of rats. Data represents the means 

± SD of seven samples. Values are mean ± SD of 

seven rats in each group. Significance at P < 0.05. 

4. DISCUSSION 

Inflammation acts as an adaptive host defense 

mechanism against infection or injury. In 

inflammatory processes, macrophages are 

important players providing immediate defense 

against foreign agents [26]. Lipopolysaccharide 

(LPS), a component from the cell walls of gram-

negative bacteria is one of the most powerful 

activators of macrophages and involves the 

production of proinflammatory cytokines [27]. 

Excess production of cytokines and pro-

inflammatory mediators are involved in many 

inflammatory diseases and ROS [28,29]. The 

ROS generated during normal cellular process 

are immediately detoxified by endogenous 

antioxidants like CAT, SOD, GPx and GST etc., 

The enzyme superoxide dismutase (SOD) 

catalyzes dismutation of the superoxide anion 

(O2 ) into hydrogen peroxide (H2O2), which is 

then detoxified to H2O by catalase [30]. 

Catalase enzyme (CAT) is a common enzyme 

found in nearly all living organisms. Its 

functions include catalyzing the decomposition 

of hydrogen peroxide to water and oxygen [31] 

but excessive ROS accumulation including O2
.-

 , 

hydrogen peroxide (H2O2)  and 
. 
OH by cisplatin 

cause an antioxidant status imblance, leads to 

lipid peroxidation and antioxidant enzymes 

depletion [32], protein denaturation and DNA 

damage [33,34]. Decreased activities of GPx, 

which scavenges hydroperoxides and lipid 

peroxides were found in liver of rats. LPS 

administration is a cause increased lipid 

peroxidation and a direct result of free radical 

damage to membrane components of the cells. 

VE and SS treatment (200 and 0.35 mg/kg b.w.) 

for six hours, starting with LPS administration, 

provided a significant protection against LPS 

induced changes in antioxidant enzymes 

activities by restoring them to normal. 

VE are recognized as antioxidants which 

prevent cellular molecules from reactive oxygen 

species inducing damages on different 

biological processes such as cardiovascular 

disorders wound healing, age-induced oxidative 

stress, inflammatory responses, collagen 

synthesis, immune stimulation, gene expression, 

and enzymatic activity regulator [35]. VE is a 

major chain-breaking lipid soluble and known 

as the strong antioxidant. It is scavenger of free 

radicals in the cell membranes and improved 

histopathology. The addition of vitamin E to the 

diet at appropriate concentrations reduces 

thiobarbituric acid reactive substances 

concentration [36] and the percentage of cell 

abnormalities [37] but its protective activity 

against oxidative damage has not yet been 

documented in the liver tissue.  The present 

study shows that the effect of single dose LPS 

exposure on the liver tissue of rats and to assess 

whether these effects can be ameliorated by 

treatment with co-treatment VE and SS. 

The observed protective effect of the SS against 

oxidative damage of rat hepatocytes is probably 

due to the antioxidant properties of its moleculer 

structure. Moreover, the researchers show that 

SS has as a free radical scavenger and a potent 

antioxidant, both in vivo and in vitro models 

Kalender et al. [38] showed that treatment doses 

of SS has been antioxidant activities. Zao et al. 

[39] demonstrated that it scavenged superoxide 

anion and hydroxyl radicals, inhibited lipid 

peroxidation in rat liver in vivo. In other study, 

the effect of SS was investigated against 

oxidative damage in blood cell cultures of rat 

[40]. In this study, rats treated with LPS showed 

a decrease in liver antioxidant enzymes 

activities and increased MDA level. These 

changing of parameters was altered, but not 
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competely prevented in rats by treatment with 

VE and SS.  

Vitamin D, probolis, naringenin, Omega-3 fatty 

acids treatment with LPS protect against ROS in 

animals and humans [1, 41-44]. VE and SS 

complement each other in their function as 

antioxidants. They prevent free radical 

production and neutralize the free radicals that 

are present in the biological matrix [39]. 

Moreover, SS and VE protect various tissues 

against damages induced by free radicals [45]. 

The present result suggests that VE and SS is 

bioavailable and it possesses significant 

potential to prevent LPS-induced pathology and 

oxidative stress. Results from this study indicate 

that co-treatment VE and SS might be useful in 

ameliorating LPS induced toxicity in normal 

cell and has attracted considerable attention as a 

potential chemopreventive agent.  
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