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Abstract 

   
Paraquat (PQ) is a commonly used herbicide that induces oxidative stress via reactive oxygen species (ROS) 

generation. This study aimed to investigate the effects of the antioxidant (olive oil ) against PQ induced oxidative 

stress in rats. A total of forty eight (48)  male rats were randomly divided into 4 groups which administrated 

orally and daily for six weeks as follows: distilled water(C), 3mg PQ & 2ml Olive oil Kg B.wt(T1), 3mg /Kg B.wt  

PQ(T2) and 2ml/Kg B.wt Olive oil (T3)respectively. Blood samples were collected after 2, 4 and 6 weeks for 

estimation of the biochemical parameters (serum glutathione and MDA).The trends of glutathione were 

significantly different (P < 0.05) across the periods in all groups. In the T1, T2groups showed a significant 

decreasing at 6 week. On the other hand, the T3 showed a significant increasing (P < 0.05) within 4 and 6 weeks. 

The results showed the means of Glutathione were significantly lowered in T1 and T2 as compared with control. 

While the MDA shows a significant increase (P < 0.05)in theT1 and T2during the experiment periods as 

compared with control group, while group (T3) treated with olive oil only shows a significant decrease (P <0.05) 

in MDA concentration comparing with control group. In conclusion, MDA increased in rats treated with 

Paraquat more than other groups treated with olive oil as antioxidant, while the glutathione is decrease at same 

groups and increased at groups of olive oil. 
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Introduction 

Oxidative stress occurs when the dynamics of 

reduction and oxidation (REDOX) balance between 

oxidants and antioxidants is shifted towards oxidant 

potentials (Serafani and Del Rio ,2004).The 

mitochondria unlike other organelles, contains its 

own genome, mitochondria DNA (mtDNA) and is the 

largest supplier of ATP and the main source of 

reactive oxygen species (ROS) in aerobic organisms 

(Binduetal.,2011,) . Due to the electron transport 

chain (ETC) in the inner mitochondrial membrane, 

there is a high endogenous ROS production that 

disrupts the homeostasis, cell signaling and also leads 

to mitochondrial genome instability (Devasagayam et 

al., 2004). A compromised ETC increases the ROS 

levels introducing damage in lipids, DNA, and 

perturbs both the glutathione scavenging and 

antioxidant capacity (Harman, 1956). Cells are 

constantly challenged by exogenous stressors from 

environmental conditions such as chemicals, drugs, 

and UV light exposure as well as by endogenous 

stressors including ROS and quinones. The repetitive 

exposure to environmental agents such as 

pesticides/herbicides exacerbates the generation of 

ROS, and down regulates the levels of antioxidant 

defenses. For example, Paraquat (PQ; 1,1-dimethyl-

4,4-bipyridium dichloride), is a redox cycling 

compound that selectively produce ROS by 

uncoupling the ETC complex in the mitochondria 

(Castello et al., 2007)This causes an increase in the 

intracellular oxidative microenvironment leading to 

the decline in the supply of cellular energy, inducing 

cell death, and depleting glutathione (GSH) (Chen, et 

al., 2010). It is a delicate process and highly sensitive 

to toxic damages (Mirhoseini et al., 2012).Olive oil is 

a strong antioxidant, its Hydrophilic phenols are the 

most abundant natural antioxidants protecting 

against damage from free radicals and against the 

formation of cancer (Servili et al., 2009).  

 

Glutathione is equipped for counteracting harm to 

essential cell parts caused by responsive oxygen 

species, for example, free radicals, peroxides, lipid 

peroxides, and substantial metals (Pompella et al., 

2003), Glutathione (GSH), tripeptide containing 

cysteine, plays a role as a cellular defense factor 

against reactive oxygen species generated in tissues 

(Meister,1991) Glutathione has been found to tie to 

and initiate ionotropic receptors that are not the same 

as some other excitatory amino corrosive receptor, 

and which may constitute glutathione receptors, 

possibly making it a neurotransmitter (Ojaet al., 

2000). 

 

Malondialdehyde (MDA) is the organic compound 

with the nominal formula CH2(CHO)2. A colorless 

liquid, malondialdehyde is a highly reactive 

compound that occurs as the enol (Nair et al., 

2008).Direct measurement of ROS formation in cells 

is very difficult in the clinical setting. Instead, several 

indirect methods have been developed to measure 

free radicals and their metabolites, such as 

malondialdehyde (MDA; the final product of lipid 

peroxidation) (Lykkesfeldt ,2007) . 

 

Materials and methods 

Preparation of Paraquat (PQ) doses 

Three mg PQ was dissolved in 100ml distilled water 

to prepare stock solution and prepare other doses  

The doses were administered daily to male rats using 

gastric intubation(Chen et al., 2017). 

 

Preparation of olive oil doses 

The olive oil dosage was calculated by the following 

equation: 

   =      = V²    = = 0.2 ml 

injected dose  

The doses were administered daily to male rats using 

gastric intubation (Banihani, 2017). 

 

Blood collection 

Blood samples at different intervals of the experiment 

were collected via cardiac puncture by using 

disposable medical syringes (5ml). Blood from each 

rat was kept in disposable tubes which held for not 

more than four hours before serum isolation. Samples 

were centrifuged at a speed of 2500 rpm for 15 

minutes and then serum samples were stored in 

freezer at -18°C until used for biochemical test ( MDA 

and Glutathione). 

https://en.wikipedia.org/wiki/Organic_compound
https://en.wikipedia.org/wiki/Chemical_formula
https://en.wikipedia.org/wiki/Enol
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Experimental design 

 A total number of forty eight (48) male Albino Wistar 

rats weighting (180-220 g) were used in this 

experiment. Their ages ranged between (2.5-3.5) 

months. Experimental animals were housed in plastic 

cages at (22-25°C) in the animal house of department 

of Physiology and Pharmacology / College of 

Medicine -University of Maysan, with controlled 

lightening and the air of room was changed 

continuously by using ventilation vacuum. They were 

left for two weeks for acclimatization with the 

experimental conditions. Animals had free access to 

water and standard pellet di et al ong the 

experimental period (Hafez, 1970). Forty eight adult 

male rats were used in this experiment. After 

acclimatization for two weeks they were divided 

equally into four groups as follows: 

 

Group one control (C): This group received distilled 

water daily for 6 weeks  

Group two (T1): This group received (3mg & 2ml/Kg 

B.wt) PQ & Olive oil daily for 6 weeks. 

Group three (T2): This group received (2ml/Kg B.wt) 

Olive oil daily for 6 weeks. 

Control Four (T3): This group received (3mg/Kg 

B.wt) PQ daily for 6 weeks. 

The experiment was lasted for 6 weeks. Blood 

samples were collected after 2, 4, 6 weeks of the 

experiment for Testosterone, MDA and Glutathione 

concentrations. Body weight was measured at 0,2,4,6 

weeks of the experiment. 

 

At the during of the experiment, three animals from 

each group were anesthetized and killed for the 

histological study of testes, epididymis and vas 

deferens. 

 

Statistical analysis 

Statistical analysis of data was performed using SAS 

(Statistical Analysis System - version 9.1). Two way 

ANOVA and Least significant differences (LSD) post 

hoc test were performed to assess significant 

differences among means. The results were expressed 

as mean ± standard errors (SE) and P < 0.05 is 

considered statistically significant (SAS, 2010). 

 

Results 

Serum Glutathione concentration 

Glutathione concentration in response to oral 

administration of Paraquat and olive oil, Paraquat 

only and Olive oil only at Paraquat 3 mg/Kg B.wt. and 

Olive oil 2 mg/Kg B.wt.in adult male rats for six 

weeks is shown in Table 1.  

 

 

Table 1. Glutathione concentration in response to oral administration of T1 Paraquat & olive oil, T2 Paraquat 

only and T3 olive oil only. (at Paraquat  3 mg/Kg B.wt. and olive oil 2 ml/Kg B.wt. in adult male rats for six 

weeks) 

Weeks Groups 

C Control T 1 T 2 T 3 

2 A15.47 ± 0.1a A11.66 ± 0.25bc A12.03 ± 0.31b B11.24 ± 0.34c 

4 A14.21 ± 0.29b A11.98 ± 0.23c B10.70 ± 0.19d A15.05 ± 0.34a 

6 A14.61 ± 0.33a B10.90 ± 0.14b B10.95 ± 0.25b A14.89 ± 0.13a 

Mean ± SE (n=12 rats/ group). LSD:0.7439 

Capital letters indicate a significant (P< 0.05) difference within group. 

Small letters denote a significant (P< 0.05) difference between groups. 

The results revealed that the trends of glutathione 

significantly different (P < 0.05) across the periods in 

all groups. In the T1 it was shown a significant 

decreasing at 6 week. In the T1 it was shown a 

significant decreasing at 6 week, while the T2 showed 

significant decreasing in the 4 and 6 weeks. On the 

other hand, the T3 showed a significant increasing (P 

< 0.05) within 4 and 6 weeks.  

The results showed that the means of Glutathione in 

T1 and T2 were significantly (P<0.05) lowered than 

control. 
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Table 2. Serum MDA level (pg/ml) in response to oral administration of T1 Paraquat & olive oil, T2 Paraquat 

only and T3 olive oil only. (at Paraquat  3mg/Kg B.wt. and olive oil 2 ml/Kg B.wt. in adult male rats for six 

weeks). 

Weeks Groups 

C Control T 1 T2 T 3 

2 A3.32 ± 0.17b A3.58 ± 0.17ab B3.93 ± 0.09a A2.83 ± 0.29c 

4 A3.51±0.15ab A3.41±0.21b B4.00 ± 0.10a A2.89 ± 0.25c 

6 A3.43 ± 0.12b A3.72 ± 0.12ab A5.07 ± 0.15a A2.56 ± 0.15c 

Mean ± SE (n=12 rats/ group). LSD:  0.5049 

Capital letters indicate a significant (P< 0.05) difference within group.  

Small letters denote a significant (P< 0.05) difference between groups. 

Malondialdehyde (MDA) concentration 

The effect of different doses of Paraquat+ olive oil, 

Paraquat only and olive oil only on mean values of 

MDA concentration is shown in Table 2. This Table 

shows a significant  increase (P < 0.05) in MDA 

concentration in treated groups (T1) and (T2) along 

the experimental periods comparing with control 

group while group (T3) treated with olive oil only 

shows a significant decrease (P < 0.05) in MDA 

concentration comparing with control group. At the 

meantime, the highest concentration of MDA is 

shown in (T2) as compared to other groups. Within 

the time, the concentration of MDA reveal no 

significant difference (P < 0.05) between the second, 

fourth and sixth weeks in control, T1 and T3 groups. 

However, this difference is significant in T2 i.e. the 

table showed significant increase (P > 0.05) in MDA 

level after the 6th week in comparison to the 2nd and 

4th week in T2. 

 

Discussion 

Glutathione can be diminished back by glutathione 

reductase after the oxidization, utilizing NADPH as 

an electron contributor (Couto et al., 2013). So, as we 

reported a significant decrease in dosed rats after 6 

weeks and while increased in olive oil group of rats. 

MDA occurs naturally and is a marker for oxidative 

stress. (Nair et al., 2008) and that pointed at  groups 

treated with Paraquat and olive oil which reported 

increase of MDA. Wither rat groups treated with olive 

oil only showed significant decrease of MDA 

.Oxidative stress contributes to chronic inflammation 

of tissues (Gheita and Kenawy, 2014).  

Malondialdehyde (MDA) is an advanced oxidation 

product and a recognized oxidative stress biomarker 

(Melisaetal., 2016). Yamamoto (1993) reported that 

Paraquat decreased GSH contents in the liver of mice. 

 

Conclusion 

Markers of oxidative damage include 

malondialdehyde (MDA), and glutathione. Paraquat 

side effect on Glutathione serum concentration and 

MDA reveled from this study by notice low level of 

glutathione peroxidase and high level of MDA)on the 

other hands, olive oil as antioxidant showed a good 

result at this study. The animals are exposed to 

stressful conditions (Paraquat, Paraquat & olive oil) 

these have been associated to the increase of reactive 

oxygen species that attack cell membrane unsaturated 

lipids and other biomolecules and thus, inducing 

oxidation.  
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