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Abstract 

iver being one the major site of metabolism, continuously get exposed to xenobiotics which can 

alter many important metabolic functions. Distortion of metabolic functions can lead to 

various form of hepatic injury making the liver vulnerable and implicated in so many health 

problems. This research was aimed at studying the effect of different doses of sodium selenite on some 

liver function markers using Albino Wistar rats. Twenty Albino Wistar Rats were randomized into 

four Groups (Group A, B, C and D) of 5 rats each, group A receiving 1ml/kg body weight of normal 

saline, B, C and D receiving 5mg/kg, 10mg/kg and 15mg/kg body weight of sodium selenite (Na2Se) 

treatment respectively given orally per day. At the end of the sixth week, the animals were sacrificed; 

Liver enzymes and some serum electrolytes, serum cholesterol, serum albumin and serum protein 

were quantified. The result indicates significant (P<0.05) increased in plasma levels of Aspartate 

Aminotransferase (AST) and Alanine Aminotransferase (ALT), while the Sodium Na+, Potassium 

K+, Chlorine Cl- concentrations were significantly (P<0.05) decreased across the entire treatment 

group receiving sodium selenite. Microscopic examination of liver showed slight abnormality in the 

cytoarchitecture of the liver when the treatment groups (especially group D) was compared with the 

control. Therefore, the results of this study suggest that hepatic damage induced by sodium selenite 

could be determined by the amount of the sodium selenite consumed. 

 

Keywords: Sodium selenite, Serum Electrolytes, liver function, Liver enzymes, liver 

histology 

 

INTRODUCTION 

The liver regulates many important metabolic functions, so the hepatic injury is associated 

with distortion of these metabolic functions (Wolf, 1999).  Chronic liver injury leads to a 

progressive wound healing response that eventually results in liver fibrosis characterized by 

both quantity and quality alteration of hepatic extracellular matrix, ECM (Liu et al., 2006). 

Liver is the key organ of metabolism and excretion is continuously and variedly exposed to 

xenobiotics because of its strategic placement in the body. Toxins absorb from the intestinal 

tract gain access first to the liver resulting in a variety of liver ailment. Thus, liver diseases 

remain one of the serious health problems. Liver damage ranges from acute hepatitis to 

hepatocellular carcinoma, through apoptosis, necrosis, inflammation, immune response, 

fibrosis, ischemia, altered gene expression and regeneration (Loguercio and Federico, 2003). 

Loguercio and Federico (2003) stated that all processes that involve hepatocyte, Kupffer, 

stellate and endothelial cells which induce liver disease are related to the crucial role of 

reactive oxygen and nitrogen species. Oxidative stress contributes a decisive generating 

factor in the pathogenesis of acute and chronic liver diseases (Tanikawa and Torimura, 2006; 

Cesaratto et al., 2004; Tuma, 2002). The main sources of free radicals are represented by 

hepatocyte mitochondria and citochrome P450 enzymes, by endotoxin-activated 

macrophages (Kupffer cells) and by neutrophils.  After liver cell injury, recruitment of 

leukocytes will take place (Marra, 1999). Leukocytes together with kupffer cells will produce 

compounds that modulate stellate cell behavior. Nitric oxide (NO) and inflammatory 
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cytokines, such as tumor necrosis factor β (with stimulatory ability on the stellate cell for 

collagen synthesis) will be produce by monocytes and macrophages. In addition, kupffer 

cells can stimulate matrix synthesis by stellate cells through the actions of transforming 

growth factor β (TGF-β) and reactive oxygen species (ROS) (Stalnikowitz & Weissbrod, 2003; 

Granger & Kubes, 1994). 

 

The most famous individual markers for assessment of liver fibrosis are: liver function tests 

(Aspartate Aminotransferase: AST and Alanine Aminotransferase: ALT) that reflect 

hepatocyte damage, bilirubin and alkaline phosphatase that show biliary obstruction and 

albumin and prothrombin time (PT) that reveal biosynthetic function of liver. These 

simplified enzymes may reflect the extent of hepatocellular necrosis. Alanine 

Aminotransferase (ALT) and Aspartate Aminotransferase (AST) play an important role in 

amino acid metabolism by catalyzing reversible transfer of the α-amino group. 

Transaminases are expressed in varying concentrations in organs and physiologically 

detectable in the serum. While high activities of ALT are present in the periportal region of 

the liver, AST is found in high concentrations in numerous other organs. In general, serum 

activities of transaminases are increased in various liver diseases, for example hepatitis, 

cirrhosis, infections, carcinoma, or alcohol abuse. Serum activities of aminotransferases, 

however, are only of limited prognostic value and do not reflect the extent of liver cell 

necrosis appropriately (Reichling and Kaplan, 1988). Alkaline phosphatase is involved in the 

hydrolysis of organic phosphate esters and, though not exclusively expressed in the liver, 

used as a marker of cholestasis (Kaplan, 1972). Serum activity of alkaline phosphatase is 

elevated in acute or chronic hepatitis, cirrhosis and intrahepatic or extrahepatic malignomas 

(Reichling and Kaplan, 1988). Alkaline phosphatase is also an enzyme useful for follow-up 

of liver diseases associated with cholestasis, that is, occlusive jaundice. 

 

Selenium (Se) as an essential dietary trace element, plays an important role in a number of 

biological processes in both humans and other species (Fraga, 2005), its deficiency can 

induce some pathological conditions, such as cancer, coronary heart disease, and liver 

necrosis (Tang et al., 2012; Ognjanovic et al., 2008; Soudani et al., 2011). Studies have shown 

that selenium and zinc efficacy on immune system, increase response to influenza and HBV 

vaccine (Janbakhsh et al., 2013). Sodium selenite has also been observed to decrease levels of 

lipid peroxidation (LPO) and NOPs (nitric oxide products) and increase activities of 

superoxide dismutase, GR (glutathione reductase), and GPX (glutathione peroxidase) in 

heart of a diabetes-induced rats (Ayaz and Turan, 2006). At low dose of about 1mg/kg 

Na2Se, have an anti diabetic complimentary treatment (Hassan and Ali, 2015), neuro 

protection in cerebral ischemia and improves antioxidant capacity in patients with coronary 

artery disease (Ahmad et al., 2011; Schnabel et al., 2008).  

 

Selenium forms the prosthetic group of some critical selenocysteine containing enzymes, 

such as glutathione peroxidase, iodothyronine 5’-deiodinase, and thioredoxinreductase 
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(Stadtman, 1996). Sodium selenite is protective agent against a number of toxicants. At low 

dose of about 0.25mg/kg, sodium selenite highly protected rats from mercuric chloride 

toxicity due to it high activity of antioxidant enzymes stimulation (Youcef et al., 2013) which 

in turns reduced liver damage. Selenium (Se) at supranutritional levels can enhance the 

activity of glutathione S-transferase (GST), whose gene is a target of nuclear factor erythroid-

2 related factor 2 (Nrf2) which transiently increases hepatic TrxR1 activity (Zhang, et al., 

2008). Other studies reported that supranutritional Selenium had no such effect on hepatic 

TrxR1 activity.  However, its excessive intake could cause potential toxic effect (Combs and 

Gray, 1998). In view of this discrepancy, the present research investigates the hepatotoxic 

effect of excessive and prolong intake of selenium using animal model (Albino Wistar rats). 

 

MATERIALS AND METHODS 

Animals  

Albino Wistar rats (180–220g) were procured from Department of pharmacology and 

physiology University of Maiduguri, Nigeria, and used throughout the study. They were 

housed in microlon boxes and acclimatized for two weeks in a controlled environment 

(temperature 25±2 °C and 12 h dark/light cycle) with standard laboratory diet and water ad 

libitum.  

 

Experimental protocol 

Twenty wistar rats weighing about 180-220g each were randomly divided into four groups 

of 5 animals each. The first group (A) which is the control received nothing but 1ml/kg body 

weight of normal saline, Group (B) received 5mg/kg, Group (C) received 10mg/kg and 

Group (D) received 15mg/kg body weight of Na2Se (from Sigma–Aldrich (St. Louis, MO, 

USA) respectively given orally and daily for six weeks using a modified method of Youcef et 

al., (2013). At end of the sixth week, the animals were sacrificed by cervical dislocation. Liver 

function biochemical enzymes, serum electrolytes variables, serum cholesterol, serum 

albumin, serum protein and liver histopathology were assessed.  

 

Serum Collection 

Blood samples of the animals in all of the groups were collected through orbital venous 

plexus (Timm, 1979) method approved by IACUC, (2011), placed in lithium heparinized 

(LH) sample tubes and centrifuged at 4000 revolutions per minute for 15 minutes after 

which the serum was decanted in plain sample bottles for analysis. 

 

Liver Enzymes Analyses  

Serum analysis for the presence of liver cell enzymes was thereafter done. Biochemical 

parameters i.e., aspartate amino transferase (AST) alanine amino transferase (ALT), and 

alkaline phosphatase (ALP) were measured according to the reported methods of Atef M. 

Al-Attar, 2012).  
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Protein Quantification 

Protein was measured by the method of Lowry, 1951 and Bradford (1976), using bovine 

serum albumin as the standard. 

 

Serum Electrolytes Assay 

Sodium and Potassium were determined by flame photometry method at 590nm and 770nm 

wavelength respectively, bicarbonate was determined by method of titration, while Serum 

chloride was estimated by the method of Schales and Schales (1941). 

 

Estimation of Serum Cholesterol and Albumin 

Serum Cholesterol and Albumin levels were estimated using spectrophotometer by the 

methods of Zlatkis et al., (1953) and Rodkey, (1965) respectively. 

 

Histopathological Studies 

The livers of all the rats were fixed in 10% formalin and processed by the usual method for 

paraffin embedding at histopathology Department, University of Maiduguri, Nigeria. 

Section of 4-5 μm thickness by microtome was taken, stained with hematoxylin and eosin 

stain for histopathological examination through light microscope (Banchroft et al., 1996).  

 

Statistical Analysis 

Student t-test and one-way analysis of variance (ANOVA) were used to analyze the data. 

The results were expressed as mean ± standard deviation (SD). The difference of the means 

was considered significant at *=P<0.05 and P**=P<0.01. 

 

RESULTS 

Behavioral Observation 

Administration of Na2Se induces some behavioral response such as weakness and 

withdrawn responses when compare with the control. The animal slept longer than the 

control and the degree of weakness was reduce before the end of the research indicating that 

the animals had become more tolerant. 

 

3.2 Biochemical Analysis  
Table 1: Effect of Administration of different concentration of Na2Se (mg) on Liver Enzymes in Rats 

Liver Enzymes 

(IUL) 

Group A(control) Group B 

(5mg/kg) 

Group C 

(10mg/kg) 

Group  

(15mg/kg) 

AST   70.00±7.12   71.00±5.90*  74.17±0.12*   65.50±8.87* 

ALT   38.75±6.60   37.83±7.22  46.50±8.60*   42.33 ±8.21* 

ALP 109.00±34.03 122.83±34.28* 143.17±36.93* 136.70 ± 30.34* 

Mean±SD*=P<0.05, P**=P<0.01 

 

Na2Se increases serum level of aspartate amino transferase (AST) in group B and C while in 

group D a decrease was observed but not significant when compared with control.  Alanine 
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amino transferase (ALT), and alkaline phosphatase (ALP) level was also increasing across 

the group significantly.  

 
Table 2: Effect of Administration of different concentration of Na2Se (mg) on Serum Electrolyte in Rats 

Serum Electrolytes 

(m/mol/L) 

Group 

A(control) 

Group B 

(5mg/kg) 

Group C 

(10mg/kg) 

Group D 

(15mg/kg) 

Na+ 140±0.1 13.17±1.63 134.33±2.34* 65.5±8.87* 

K+ 6.4±0.27 5.8±0.91 5.83±0.68 5.6±0.46** 

Cl- 105±1.16 101.33±2.07* 101±2.76* 100.53±3.45* 

HC03
- 21±0.82 19.5±0.8** 17.33±2.16** 19.00±2.00 

Mean±SD*=P<0.05, P**=P<0.01 

This Table shows that Na2Se caused a reduction in the serum values of the electrolytes (Na+, 

K+, Cl-, HCO3-) at different dosage levels. However, the reduction was only statistically 

significant (P< 0.05-0.01) at C and D for Na+, at D for K+, B, C, and D for Cl-, while B and C 

for HCO3-. 

 
Table 3: Effect of Administration of different concentration of Na2 Se(mg) on Biochemical Variables in Rats 

Biochemical variable  Group 

A(control) 

Group B 

(5mg/kg) 

Group C 

(10mg/kg) 

Group D 

(15mg/kg) 

Total Protein (g/l) 78.00±2.83 74.17±6.15 75.17±5.38 65.50±8.87* 

Albumin (g/l) 40.25±3.78 34.67±3.88* 36.00±1.10 36.33±2.66 

Cholesterol (mmol/L)   2.05±0.10   2.05±0.54   2.07±0.31   2.47±0.42 

Mean±SD*=P<0.05, P**=P<0.01 

 

There was slight decrease across the group for serum total protein and albumin. The 

statistical significance was only observed at group D for Total Protein, at group B for 

Albumin. There was no observable difference observed for cholesterol across the group 

except the decrease observed at D which was not significant. 
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Histological Studies 

 
Figure 1: H&E staining of Liver Tissue (Mgx100) 

 

Group A (Control): control group without treatment showing normal histology, the central 

vein (CV) is well defined with sinusoid radiating normally with the hepatocytes forming 

anastomosing plates that runs radially from the central vein CV. The cytoplasm of the 

hepatocytes shows granular appearance with spherical nuclei that are well defined and 

centrally located. 

Group B (5mg/kg body weight of Na2Se): This group shows some feature related to the 

control, only that there were very few pyknotic nuclei (P) observed in some hepatocytes. 

Group C (10mg/kg body weight of Na2Se): Mild degeneration was observed in the 

hepatocytes. The hepatocytes show pyknotic nuclei (P) and mild congestion of the 

sinusoids(S) toward the periphery. Group D (15mg/kg body weight of Na2Se): This group 

shows necrosis of the hepatocytes (N) and congested sinusoid (S), the pyknotic nuclei were 

more pronounced. 

 

DISCUSSION 

The present investigation revealed that high dose of Sodium selenite causes significant 

increase in AST, ALT and ALP activities (table 1), and significant decrease in the serum level 

of Na, K, Cl and HCO3 (table 2), albumin and total protein (table 3) also reduced 

significantly. The principal toxic effects of prolong use of high dose selenium might involve 
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interaction with a number of cellular processes, including the formation of complexes with 

free thiols and protein thiol groups, which may lead to oxidative stress as might be 

suggested from similar studies involving mercury (Stacey et al., 1982).  

 

Significant decrease in serum protein and albumin levels was recorded. The decreased in the 

protein concentration of Na2Se treated rats might be due to changes in protein synthesis 

and/or metabolism as result of high dose sodium selenite. This oppose the findings of   

Franziska et al., (2015) that revealed increases colonic selenoprotein expression in all high 

dose selenium-supplementation even though their area of concentration is the colon but our 

expectation was to be similar as colon and liver represent a very important part of the 

gastrointestinal tract. However, evidence from Agustin et al., (2014), indicated that infected 

liver lowered serum levels of proteins due to disrupted architecture and cells of the liver 

(figure 1) by diminishing the hepatic ability to synthesize proteins (Agustin et al.,2014).  

 

Na2Se also caused a reduction in the serum values of the electrolytes (Na+, K+, Cl-, HCO3-) 

(table 2) at different dosage levels. This observation was in agreement with work of Baldus 

et al., (1964); Anjum et al., (1983), that reported that Impairment in electrolyte metabolism (i.e 

Hypokalaemia, Hyponatreamia, may be associated with the severity of liver disease, 

although, Anjum et al., (1983), further stated that Hypokalaemia and low urinary sodium 

appear (as seen in table 2) to be bad prognostic findings in cirrhosis (Anjum et al., 1983). 

 

This toxicity level elicited by sodium selenite (Na2Se) might be due to low activity of 

antioxidant enzymes as a result of complexes formed by the high doses of the compound 

Na2Se in the liver which might cause a decreasing content of antioxidant like GSH, and the 

liver is hypothesized to be highly susceptible to oxidative stress. This is in agreement with 

the work of Combs and Gray, (1998) that reported that selenite could cause potential toxic 

effect and also Xinghua et al., (2017) report that sodium selenite may slow down the growth 

of rats and lead to organic damage to some extent. 

 

All these possible mechanisms of sodium selenite toxicity may lead to the formation of 

reactive oxygen species (ROS), may also lead to membrane biochemical and functional 

alterations and thus induced liver cell damage as evidenced by significant elevation in 

serum level of AST, ALT and ALP activities.  

The result of the current study is in agreement with the work of Zhang et al., (2008) that 

explain that high-dose sodium selenite indeed can enhance hepatic thioredoxin reductase 1 

TrxR1 activity which in turn enhance the activity of glutathione S-transferase (GST). These 

finding correlates with liver Injury observed in carbon tetrachloride (CCl4) toxicity (Jamil et 

al., 2015). 

 

 This increase liver enzymes observed  may also be due to cellular necrosis of hepatocytes as 

evidenced by the  results of histopathology of the liver at C and D treatment groups, which 
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causes increase in the permeability of cell resulting  to release of transaminases and ALP in 

blood stream as explained by Franziska et al., (2015),  that a selenite supplementation during 

acute colitis has no health benefits but may even aggravate the course of Inflammatory 

bowel disease (IBD)(Colitis). This confirms that sodium selenite intoxication could alters 

liver cytoarchitecture as revealed by the result of our histological findings. 

 

It was observed that sodium selenite when given at high dose increases the transaminases, 

increase ALP activities, decreases total protein and albumin levels in serum. However, it 

expected that high dose Na2Se will elevated the level of GSH-Px in serum thereby providing 

hepatoprotection through enhancing the antioxidant ability which in turn reduces the liver 

enzyme activities. However, but this result contradicts findings of the previous literatures.  

 

CONCLUSION 

Prolong administration of sodium selenite could cause behavioral changes, weight gain and 

hepatocyte injury in rats. The results of this study suggest that hepatic damage induced by 

sodium selenite could be determined by the amount of the sodium selenite consumed.  
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