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 Abstract 
Acute paraquat (PQ) toxicity induces redox cycling leading to fatality in both man and 
animals with clinical management being supportive therapy due to lack of specific and 
effective antidote. This study thus aimed at determining the sero-biochemical and 
pathological changes induced by acute PQ administration in male rats and the mitigating 
role of sodium selenite. Forty male rats were used for the study and were grouped into 
5 of eight rats viz: Group I (control) administered distilled water (2 ml/kg), group II (15 
mg/kg of PQ), group III (15 mg/kg of PQ + 0.3 mg/kg sodium selenite), group IV (30 mg/kg 
of PQ) and group V (30 mg/kg of PQ + 0.3 mg/kg sodium selenite). Administration were 
achieved per os and lasted for a week. Sera, lungs, liver and kidney samples were 
harvested at the end of the experiment. Result showed a significant (p < 0.05) higher 
liver enzymes, urea and creatinine in treated groups when compared to control. 
Biomarkers of oxidative stress revealed a significant (p < 0.05) increased superoxide 
dismutase and malondealdehyde activities of the lungs and liver. A dose-dependent 
pathologic lesion was also observed with milder lesions in selenium supplemented 
groups. The results demonstrate that selenium supplementation may be a promising 
therapy and should further be clinically validated.  
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Introduction
The intensive and extensive use of herbicides to meet 
the current agricultural population demand is 
unavoidable and the misuse of these agrochemicals 
results in the degradation of the bio system (Sekhar 
et al., 2011). PQ, holding the largest share of global 
herbicide market is one of the most widely used 
herbicides (Raghu et al., 2013) and deaths have been 
reported following accidental consumption as well as 
suicides (Taylor et al., 2001). The involvement of 

oxidative stress in PQ-induced toxicity as the major 
culprit in experimental animals have been well 
elaborated (McCormack et al., 2005; Patel et al., 
2006; Ahmad et al., 2008; Gupta et al., 2010). PQ, a 
quaternary nitrogen herbicide belonging to the 
bipyridium compounds (Raghu et al., 2013) induces 
oxidative stress via depletion of natural endogenous 
antioxidant- glutathione (GSH) and increasing 
generation of free radicals (Bus and Gipson, 1984). It 
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is rapidly distributed in most tissues irrespective of 
the route of transmission, with the lungs and kidney 
having the highest concentrations (Suntres, 2002). 
Several therapeutic measures have been used to 
combat its toxicity and but no effective antidote 
adopted yet (Evans & Halliwell, 2001, Suntress, 2002). 
An imbalance between the biological system’s anti-
oxidative mechanism and the reactive oxygen species 
(ROS) production are involved in many diseases, 
therefore antioxidants are very important 
therapeutic agents (Prieser, 2021). It has been shown 
that selenium supplementation increases the 
expression of particular selenoproteins, which may 
play an important role in the effective counteracting 
of detrimental ROS levels in oxidative stress-related 
difficulties (Touat-Hamici et al., 2014). Recognizing 
the fact that PQ induces its toxic effects via oxidative 
stress-mediated mechanisms, the goal of this study 
aims at investigating the possible protective role of 
sodium selenite against PQ-induced biochemical 
alterations and pathology in male rats. 
 
Materials and Methods  
Experimental animals 
Forty adult male rats weighing between 150 – 200g 
were used for this study. They were housed using 
metal cages (600 x 300 x 250 mm) lined with saw dust 
in the Veterinary Physiology Department of Faculty of 
Veterinary Medicine, Ahmadu Bello University, Zaria. 
They were allowed to acclimatize for two weeks 
before the commencement of the study and fed on 
commercial pellets (Vital Feed® Growers) and water 
provided ad libitum. The experimental protocol and 
procedures used in this study were approved and 
obtained from the Ahmadu Bello University 
Committee on Animal Use and Care (ABUCAUC) with 
reference number ABUCAUC-2019-037. 
 
Chemical source and Median lethal dose 
determination (LD50) 
The chemical used was sourced and LD50 achieved as 
described by Idris et al. (2020). 
Experimental design 
Following 14 days of acclimatization, rats were 
randomly divided into five groups of eight rats each 
as described below: 
Group I (DW): Were administered only distilled water 
at 2 ml/kg once daily. 
Group II (P1): Were exposed to paraquat at 15 mg/kg. 
Group III (P1 + S): Were exposed to paraquat at 15 
mg/kg and supplemented sodium selenite at 0.3 
mg/kg. 

Group IV (P2): Were exposed to paraquat at 30 
mg/kg. 
Group V (P2 + S): Were administered paraquat at 30 
mg/kg and supplemented with sodium selenite at 0.3 
mg/kg. 
The dose regimens were administered orally once 
daily for a period of one week.  
 
Serum biochemical determination  
At the end of the treatment, the rats were humanely 
euthanized via jugular venesection and 2 ml blood 
was collected in sterile test tube devoid of 
anticoagulant. The blood was left to stand for about 
30 minutes to achieve clotting. Once clot was properly 
formed, test tubes were centrifuged at 2000 g for 10 
minutes. Serum was removed gently using a micro 
pipette into a sterile serum vial and frozen at – 4 ºC in 
a freezer until analysis. Alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), alkaline 
phosphatate (ALP), creatinine and blood urea 
nitrogen (BUN) were all assayed for using standard 
commercial kits (Randox) following manufacturer’s 
recommendations.   
 
Biomarkers of oxidative stress determination  
Liver and lungs tissues were homogenized (10% w/v) 
with 0.01 M sodium, potassium phosphate buffered 
solution (pH 7.5). Homogenates were centrifuged at 
3000 g for 20 minutes, and the supernatant collected 
in plain sample bottle, stored at – 4 ºC in a freezer 
until analysis. Superoxide dismutase (SOD) and 
malondealehyde (MDA) concentration were 
determined using the methods of Fridovich (1989) 
and Saleem et al. (2000).  
 
Histopathology  
Following a laparotomy on the rats, liver, lungs and 
kidney were harvested and observed for gross lesions 
and preserved in 10% neutral buffered formalin for 
histopathological processing.  
Data analyses 
Data were expressed as mean ± SEM. One way 
analysis of variance was used to compare means of 
each group and subjected to Tukey’s post hoc test 
using Graph pad version 8.0 for Windows, GraphPad 
Software, San Diego California USA, 
www.graphpad.com. Values of p < 0.05 were 
considered significant. 
 
Results 
Rats administered distilled water showed no 
observable signs of toxicity. Compared to the control 
animals, rats in the PQ group exhibited respiratory 
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distress, rough hair coat, depression, weakness, 
anorexia and weight loss. A total of 7 rats died during 
the study, 3 rats from group IV, 2 from group II and 1 
each from groups III and V. 
The mean serum AST activities in the control and 
treated rats were as presented in Figure 1. There 
were significant (p < 0.05) higher serum AST activities 
in the treated groups II (8.3 ± 0.71 IU/L), III (7.5 ± 0.33 
IU/L), IV (11.3 ± 0.67 IU/L) and V (9.8 ± 0.51 IU/L) 
when compared to the control (6.3 ± 0.35 IU/L).   
ALT activities were significantly (p < 0.05) higher in 
group II (12 ± 0.48 IU/L) when compared to the 
control (7.2 ± 0.41 IU/L). However, groups III, IV and V 
have numerically higher values when compared to 
the control (Figure 2). 

Mean serum ALP activities in the control and treated 
rats were as presented in Figure 3. A significant (p < 
0.05) higher ALP activities were only observed in 
group IV (201 ± 9.4 IU/L) when compared to the 
control (158 ± 3.6 IU/L). However, groups II, III and V 
have numerically higher ALP activities when 
compared to the control group.     
The mean serum BUN concentration for the control 
and treated rats were as presented in Figure 4. There 
was a significant (p < 0.05) increase in BUN 
concentration in group IV (4.1 ± 0.33 nm/mol) when 
compared to control group (3.3 ± 0.19 nm/mol). Also, 
a significant (p < 0.05) high serum creatinine 
concentration was observed in the treatment group II 
(50 ± 4.9 nm/mol), IV (52 ± 3.0 nm/mol) and V (49 ±  

 

 

 

 
Figure 1:  Aspartate aminotransferase activity of rats 
treated with distilled water, paraquat and selenium 
for a week. * Significantly different from control group 
(Grp I) 

Figure 2:   Alanine aminotransferase activity of rats 
treated with distilled water, paraquat and selenium for 
a week. * Significantly different from control group (Grp 
I) 

  
Figure 3:  Alkaline phosphatase activity of rats treated 
with distilled water, paraquat and selenium for a 
week. * Significantly different from control group (Grp 
I) 

Figure 4:  Blood urea nitrogen concentration of rats 
treated with distilled water, paraquat and selenium for 
a week. * Significantly different from control group (Grp 
I) 
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4.7 nm/mol) when compared to the control (38 ± 2.8 
nm/mol). This is as presented in Figure 5.   
The mean liver SOD activities for control and treated 
rats were as presented in Figure 6. There was no 
significant (p > 0.05) difference in SOD activity of liver 
in the treatment groups when compared to the 
control (41.1 ± 3.95 U/mg). However, a significant (p 
< 0.05) high lung SOD activities was observed in the 
treatment groups II (39.3 ± 4.51 U/mg), III (38.5 ± 3.44 
U/mg), IV (41.2 ± 3.28 U/mg) and V (38.1 ± 2.56 U/mg) 
when compared to control (25.8 ± 4.05 U/mg). This is 
as presented in Figure 8. 

The mean liver MDA level for the control and treated 
rats were as presented in Figure 7. There was a 
significant (p < 0.05) liver MDA level in treatment 
groups IV (5.1 ± 0.34 nmol/mg) and V (4.28 ± 0.27 
nmol/mg) when compared to the control (2.41 ± 0.55 
nmol/mg). 
The mean lung MDA level for the control and treated 
rats were as presented in Figure 9. There was a 
significantly (p < 0.05) higher MDA level in treated 
groups II (4.86 ± 0.32 nmol/mg), III (3.92 ± 0.27 
nmol/m), IV (6.31 ± 1.10 nmol/mg) and V (6.2 ± 0.9 
nmol/mg) when compared to the control (1.93 ± 0.53 
nmol/mg).

  

  
Figure 5: Creatinine concentration of rats treated with 
distilled water, paraquat and selenium for a week. 
* Significantly different from control group (Grp I) 

Figure 6: Liver superoxide dismutase activity of rats 
treated with distilled water, paraquat and selenium for 
a week 

  
Figure 7: Liver malondealdehyde concentration of rats 
treated with distilled water, paraquat and selenium for 
a week. 
* Significantly different from control group (Grp I) 

Figure 8: Lungs superoxide dismutase activity of rats 
treated with distilled water, paraquat and selenium for 
a week. 
* Significantly different from control group (Grp I) 
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Grossly, no observable pathology was observed in the 
distilled water-treated group. In addition, none of the 
treated groups' spleens, kidneys, or hearts had any 
visible gross abnormalities. However, lungs of rats 
treated with PQ and supplemented with sodium 
selenite showed mild to moderate congestion and 
haemorrhages (Plate IA) when compared to non-
supplemented groups which was emphysematous 
with severe congestion and areas of necrosis (Plate 
IB). There was also an accidental nodular lesion seen 
on liver of rat from group III (Plate IC).   
Histopathology showed no observable lesions on the 
liver of control group of rats (Plate II). Sections of liver 
of PQ treated groups revealed vacuolar degenerative 
hepatocellular changes, haemorrhages and 
congestion (Plate III). Sections of lung of treated 
groups revealed thickened alveolar walls, pinkish 

filled oedematous alveolar sacs, haemorrhages and 
mononuclear cellular infiltrations (Plate IV and V). 
Section of the kidney showed necrosis of renal tubular 
epithelium and pinkish oedema fluid within the lumen 
(Plate VI). 
 
Discussion 
Paraquat is highly toxic to animals and humans when 
exposed via ingestion, inhalation or skin contact. 
Since its introduction to use in agriculture, it has 
caused several human deaths from both accidental 
and deliberate ingestion (Tan et al., 2015), with 
several countries calling for its ban (Chang & Gunnell, 
2019). PQ toxicity is attributable to its induction of 
ROS during redox cycling (Black et al., 2008) with the 
lungs being the primary organ affected and no 
effective therapeutic approach is currently

 

available (Pouokam et al., 2017). In this present 
study, clinical signs observed were less obvious with 
lower mortality in sodium selenite supplemented 
group of rats. This may be hypothesized that the 
harmful effect of the PQ resulting oxidative stress on 
the rats can be ameliorated via a synergistic 
interaction between dietary and endogenous 
antioxidants. The clinical signs noticed were in 
tandem with that observed by previous researchers 
(Lalrautfela et al., 2014; Tan et al., 2015). 
The serum AST, ALT and ALP activities in the treated 
groups showed a significant increase when compared 
to the control animals. These findings were in 
consistent with studies by Akinloye et al. (2011), 
Lalrautfela et al. (2014), Oluwatoyin et al. (2017) and 
Ujowundu et al. (2018), suggestive of hepatocellular 
injury. It can be assumed that elevation of these 
enzymes may be due to free radical induced  

Figure 9: Lungs malondealdehyde concentration of rats 
treated with distilled water, paraquat and selenium for a 
week. * Significantly different from control group (Grp I) 

 

   
Plate I: A- lung of rat administered PQ at 15 mg/kg and sodium selenite for showing mild to moderate 
haemorrhagic lesions (blue arrow). B- emphysematous lung of rat administered PQ at 30 mg/kg without 
supplementation showing severe congestion (black arrow) and necrosis (n). C- liver of rat administered PQ at 15 
mg/kg and supplemented with selenium 0.3 mg/kg for 7 days showing nodular lesion (red arrow) 
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Plate II: Section of liver from group I rats showing no 
apparent histopathologic changes (x400) 

 Plate III: Section of liver from group IV rat showing 
severe vacuolar degenerative hepatocellular 
changes (H & E x400) 

 

 

 
Plate IV: Section of lung from group III rat showing 
peribronchiolar mononuclear cellular infiltration 
(black arrow) and pinkish oedema fluid (blue arrow) 
within the alveolar sac (H & E x200) 

 Plate V: Section of lung from group IV rat of showing 
severe haemorrhages (blue arrow) and thickened 
alveolar septae (H & E x400) 

hepatocellular damage (Anosike et al., 2008; Zeb et 
al., 2013) since the metabolism of PQ is known to 
generate free radicals (Ahmad et al., 2008). A relative 
decrease in liver enzymes activities of rats 
supplemented with selenium (Group III and V) when 
compared to PQ treated (Group II and IV) is suggestive 
of possible hepato-protective role of the antioxidant 
which is associated with its ability to scavenge ROS 
(Newairy et al., 2007). BUN and creatinine were 
significantly higher in treated groups, this findings also 
concurs with recent report of Ujowundu et al. (2020) 
justifying that PQ induces renal damage in rats. 
However, reduced concentrations of BUN and 
creatinine in sodium selenite supplemented rats, 
although not significant indicated possible protective 
ability against PQ toxicity to the kidney. The 
nephroprotective potential of selenium has been 
earlier proven by Sirota (2010) and Hashish et al.  

 

 
 Plate VI: Section of kidney from group IV rat 

showing necrosis of renal tubular epithelium and 
pinkish oedema fluid within the lumen (black arrow) 
(H & E x200) 
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(2015). 
The data of oxidative biomarkers has shown that 
there was no significant increase in liver SOD rather a 
significant increase was observed in the lungs. This 
finding can be corroborated to the fact that despite 
PQ been metabolized in the liver, the lungs is the 
primary organ affected and accumulates majority of 
the toxicant (Tan et al., 2015). The activities of SOD 
and MDA in this study showed similar changes, 
increasing with increasing dose of the toxicant. PQ 
toxicity mechanism involves generation of ROS, 
resulting in an imbalance between antioxidant 
scavengers and ROS which reacts with 
polyunsaturated fatty acids to produce toxic 
metabolites such as MDA, an end product of lipid 
peroxidation (Ray et al., 2008). This mechanism 
explains their possible increases, as SOD, catalase and 
gluthathione peroxidase among various antioxidant 
constitute primary enzymatic defense system 
(Suntres, 2002). Rats from the selenium 
supplemented groups showed non-significantly 
reduced oxidative stress elicited by PQ, demonstrated 
by lower SOD activities and MDA levels in both liver 
and lungs. Gross examination of the lung of the 
control group (Group I) revealed an apparent normal 
lung with no visible lesion. However, lungs of PQ-
treated groups revealed lesions in a dose-dependent 
manner from Group II – Group V, with those 
administered 30 mg/kg of paraquat showing severe 
congestion, haemorrhages and emphysema. These 
lesions were similar to that reported by Tamuli et al. 
(2007), Soloukides et al. (2007) and Lalrautela et al. 
(2014). Histopathological lesions observed in this 
study were consistent with previous findings by 
Akinloye et al. (2013) and Lalrautela et al. (2014). 
However, no fibrous tissue proliferations of the liver 
were noticed in this study which may be attributed to 
the duration of administration of 14 days by Akinloye 
et al. (2013) as against 7 days in this study. The 
protective effect of selenium against paraquat 
toxicity as evident in this study may be attributed to 
the antioxidant scavenging the superoxide anion 
generated from redox cycling of PQ, thus reducing 
lipid peroxidation. In conclusion, these findings 
demonstrate that selenium supplementation may be 
a promising therapy and should further be clinically 
validated. 
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