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ABSTRACT 

Crude oil has been reported to have adverse biological effects that are attributable to the 

dissolved low molecular weight hydrocarbons and metallic ions which are the major 

components of the water-soluble fraction of crude oil. Although, the protective effect of 

quercetin on testicular toxicity induced by the ingestion of Nigerian Bonny light crude oil has 

been reported. This study investigated the protective effects of quercetin on testicular toxicity 

induced by the water-soluble fraction of Nigerian Bonny light crude oil in male Wistar rats. 

Twenty (20) healthy male Wistar rats weighing about 100-120g were randomly selected into 

four major groups of five animals each. Animals were gavage daily with 1ml of distilled water 

(control), 1ml of 50% of water-soluble fraction of crude oil and quercetin at a dose of 10 mg/kg 

body weight for six (6) weeks. Serum testosterone level significantly decreased in male Wistar 

rats treated with water-soluble fraction of crude oil when compared to control (P<0.001). 

Moreover, water-soluble fraction of crude oil significantly increase testicular malondialdehyde 

(P<0.001), IL-1beta (p<0.01) and reduces superoxide dismutase (p<0.01), Zinc (p<0.001) and 

Potassium (p<0.01). Although, quercetin co-treated with water-soluble fraction ameliorates the 

adverse effect of water-soluble fraction on the levels of malondialdehyde, superoxide 

dismutase, Zinc and Potassium; it could not ameliorate the effects on serum testosterone and 

IL-1beta. The study suggests that water-soluble induces testicular toxicity through increase in 

lipid peroxidation and testicular IL-1β levels which could have resulted in low testosterone 

levels. 
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INTRODUCTION 

Crude oil, refined petroleum products, and polycyclic 

aromatic hydrocarbons are ubiquitous in various 

environmental compartments. Its exploration and 

transportation have generated a lot of environmental  

 

 

 

 

concerns, especially in developing nations (Raji and Hart, 

2012). The devastating consequences of the crude oil spills 

in the Niger Delta of Nigeria pose public health hazards to 

both aerial and terrestrial environments (Raji and Hart, 

2012). Crude oil has been shown to have adverse biological 

effects that are attributed to the dissolved low molecular 
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weight hydrocarbons and metallic ions which are the major 

components of the water-soluble fraction of crude oil 

(Rodriques et al., 2010). According to Gbotolorun et 

al. (2021), the fraction of Nigerian Bonny light crude oil 

soluble in water is relatively small to the total mass of crude 

oil; but it is this fraction that is a major determinant of the 

crude oil-induced toxicity. 

There is increasing evidence indicating that crude oil causes 

cellular injuries by induction of oxidative stress through the 

formation of reactive oxygen species (ROS) and inhibiting 

the efficiency of the antioxidant defence system (Adesanya 

et al., 2009, Farombi et al., 2010; Ebokaiwe and Farombi, 

2015). Ingestion of Nigerian Bonny light crude oil-

contaminated feed has been attributed to environmental - 

toxin-induced oxidative damage to the antioxidant systems 

in the testes (Adesanya et al. 2009, Farombi et al. 2010). 

Furthermore, Ebokaiwe and Farombi (2015), reported that 

the ingestion of Bonny light crude oil significantly decreased 

serum testosterone in male Wistar rats after 6 weeks of 

administration. Moreover, an increase in oxidative stress has 

also been shown to increase the production of inflammatory 

cytokines like Interleukins and Tumour Necrotic factors. 

Additionally, oxidative stress-induced cytokine production is 

likely to further increase oxidative stress levels (Elmarakby 

and Sullivan, 2012). However, Ebokaiwe and Farombi 

(2015) have reported the protective role of quercetin on 

Nigerian Bonny Light crude oil-induced oxidative stress in 

rat testes. 

Quercetin (3, 3’, 5, 7-pentahydroxyflavone) is one of the 

most abundant bioflavonoids in the human diet (Duarte et 

al., 2001). According to Egert et al. (2011), quercetin is 

widely distributed in plant-food including onions (Allium 

cepa), unpeeled apples, berries, citrus fruits, tea (Camellia 

sinensis) and red wine. Several studies have shown that it 

prevents oxidant injury and cell death via several 

mechanisms, such as scavenging oxygen radicals, protecting 

against lipid peroxidation and chelating metal ions 

(Bischoff, 2008; Ebokaiwe and Farombi, 2015). Moreover, 

increasing evidence has revealed the protective effect of 

dietary quercetin against oxidative toxicity on rat liver, 

renal, testis and sperm (Morales et al., 2006; Liu et al., 

2010; Oyeyemi et al., 2022). The protective effect of 

quercetin on neuronal and testicular toxicity induced by the 

ingestion of bonny light crude oil has been reported. 

However, this study seeks to investigate the protective 

effects of quercetin on the water-soluble fraction of Nigerian 

Bonny light crude oil-induced testicular toxicity in male 

Wistar rats.  

MATERIALS AND METHODS 

Chemicals and reagents 

The quercetin used for this study was purchased from Sigma 

Chemical Corporation (St. Louis, MO, USA), while the 

Nigerian Bonny light crude oil (BLCO) were obtained from 

the Nigeria Pipeline Product Marketing Company Limited, 

Subsidiary of the Nigerian National Petroleum Cooperation, 

Port Harcourt refinery branch. The water-soluble fraction 

was prepared according to the method of Anderson et al. 

(1974) with slight modification as described by Ogali et 

al. (2007).  

Experimental animal design 

Twenty (20) healthy male Wistar rats weighing about 100-

120g were obtained from the Department of Physiology, 

Enugu State University of Science and Technology, Nigeria, 

and were randomly selected into four major groups of five 

(5) animals each; Control (C), Water soluble fraction of 

BLCO (WSF), Quercetin (QE) and Water-soluble fraction + 

Quercetin (WSF+QE). The animals were acclimatized to 

standard laboratory conditions for two (2) weeks with feed 

and water supplied ad libitum. Animals were gavage daily 

with 1ml of distilled water (control), 1ml of 50% of WSF 

(Patrick-Iwuanyanwu et al., 2013) and quercetin at a dose of 

10 mg/kg body weight (Ebokaiwe and Farombi, 2015) for 

six weeks respectively. The guide for the care and use of 

laboratory animals, by the Institution for Laboratory 

Animals Research (ILAR 2011) was strictly followed. 

At the end of the six (6) weeks, all the animals were 

anaesthetized under ether anaesthesia. Blood samples were 

collected through a cardiac puncture, and the testes were 

harvested. The animals were euthanised by cervical 

dislocation and, the bodies were properly disposed of.  

Hormone and Inflammatory Marker  

The Enzyme-linked immunosorbent assay (ELISA) 

technique was used to determine serum testosterone and 

testicular Interleukin-1 beta (IL-1β using Calbiotech kits (El 

Cajon, California). The procedures for the estimation of 

testosterone and interleukin-1 beta were carried out 

according to the kits’ manual.  

Testicular oxidant and antioxidant activity 

The testes were homogenised, and the supernatant obtained 

was used for the assays. Malondialdehyde (MDA), 

superoxide dismutase (SOD) and catalase (CAT) activities 

were determined according to the studies of Kunle-Alabi et 

al. (2017) and Oyeyemi et al (2020).  

Testicular sodium, potassium, zinc and copper  

Testicular sodium (Na), potassium (K), zinc (Zn), and 

copper (Cu) levels were determined by atomic absorption 

(AA) flame spectrophotometry techniques. The absorbances 
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of Na, K, Zn and Cu were read at 589.0 nm, 766.5 nm, 213.9 

nm, and 324.8 nm respectively (Demarini et al., 2017). 

 

Statistical analysis 

Data were expressed as mean ±S.E.M and analyzed using 

GraphPad Prism (Version 8.0.1). One–way Analysis of 

Variance (ANOVA) was used to determine the mean 

difference among the treatment groups and followed by 

Bonferroni’s post hoc test. The level of significance was 

accepted at P ≤ 0.05. 

RESULTS  

The effect of quercetin on the testicular weight of Wistar rats 

treated with the water-soluble fraction of crude oil is 

presented in Figure 1. The result shows no significant 

differences in the mean testicular weight across the different 

treatment groups. 

The present study shows that serum testosterone 

significantly decreased in male Wistar rats treated with the 

water-soluble fraction of crude oil compared to control 

(P<0.001). Moreover, quercetin co-treated with the water-

soluble fraction of crude oil could not ameliorate the effect 

of water-soluble crude oil on serum testosterone (Figure 2).  

In Figure 3, the result indicates a significant increase in 

testicular Interleukin-1beta in the water-soluble fraction of 

the crude oil-treated group when compared to control 

(P<0.01). However, quercetin could not ameliorate the effect 

of the water-soluble fraction of crude oil on testicular 

interleukin-1beta in the co-treated group. 
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Figure 1. The Effect of Quercetin on Testicular and Weight of 

Wistar Rats Treated with Water Soluble Fraction of Crude Oil.  

Data are presented in mean ± SEM; n=5 
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Figure 2. The Effect of Quercetin on Serum Testosterone Levels in 

Male Wistar Rats Treated with Water Soluble Fraction of Crude 
Oil.  

Data are presented in mean ± SEM; n=5; ***p<0.001, **p<0.01, 

*P<0.05. *Statistically significant when compared to Control. 
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Figure 3. The Effect of Quercetin on Testicular Interleukin – 1β in 

Male Wistar Rats Treated with Water Soluble Fraction of Crude 

Oil.  

Data are presented in mean ± SEM; n=5; ***p<0.001, **p<0.01, 
*P<0.05. *Statistically significant when compared to Control. 

The result in Figure 4 shows that the testicular level of MDA 

increased significantly (P<0.001), and SOD activities were 

significantly reduced (P<0.01) in the water-soluble fraction 

of the crude oil-treated group when compared with the 

control group (Figure 4a, 4c). The co-administration of 

quercetin with the water-soluble fraction of crude oil 

significantly decreased (P<0.05) the testicular MDA level 

compared with the water-soluble fraction of the crude oil 

group (Figure 4a). There was a significant increase (P<0.05) 

in the testicular activities of SOD in the group co-treated 

with quercetin and the water-soluble fraction of crude oil 

compared to the water-soluble fraction of crude oil-treated 

group (Figure 4c). Interestingly, no significant difference in 

testicular catalase activity across the treatment groups was 

observed (Figure 4b).  
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Figure 4. The Effect of Quercetin on Testicular Oxidant and 

Antioxidants in Male Wistar Rats Treated with Water Soluble 
Fraction of Crude Oil.  

Data are presented in mean ± SEM; n=5; ***p<0.001, **p<0.01, 

*P<0.05, #p<0.05, ##p<0.01. *Statistically significant when 

compared to Control. #statistically significant when compared to 

WSF. 

The effects of quercetin on selected testicular elements in 

male Wistar rats with the water-soluble fraction of crude oil 

are presented in Table 1. The result shows that testicular 

potassium and zinc levels significantly decreased in the 

water-soluble fraction of crude oil-treated group compared 

to the control group (P<0.01). Moreover, quercetin 

significantly increases testicular levels of potassium and zinc 

in the co-administration of quercetin and the water-soluble 

fraction of the crude oil group when compared with the 

water-soluble fraction of crude oil-treated group (P<0.01). In 

addition, testicular levels of sodium and copper were not 

significantly different across the treatment groups. 

Table 1. The Effect of Quercetin on Selected Testicular Elements 

in Male Wistar Rats Treated with Water Soluble Fraction of Crude 

Oil.  

Treatment 
Potassium 

(mmol/l) 

Sodium 

(mmol/l) 

Zinc 

(µmol/l) 

Copper 

(µmol/l) 

Control 11.97 ± 0.38 125.21 ± 1.65 10.94 ± 0.24 23.07 ± 1.53 

Quercetin 11.42 ± 0.23 130.00 ± 1.23 11.14 ± 0.42 23.01 ± 0.69 

WSF 9.91 ± 0.35** 127.90 ± 1.25 8.68 ± 0.26*** 26.37 ± 2.21 

WSF + QUE 11.90 ± 0.36## 128.42 ± 2.03 10.76 ± 0.29## 28.12 ± 1.93 

Data are presented in mean ± SEM; n=5; ***p<0.001, **p<0.01, 

*P<0.05, #p<0.05, ##p<0.01. *Statistically significant when 

compared to Control. #statistically significant when compared to 
WSF. 

DISCUSSION  

The present study investigated the impact of crude oil on 

testicular functions and the protective effect of quercetin. In 

this study, the mean testicular weight and epididymal weight 

of Wistar rats had no significant differences across the 

different treatment groups when compared to the control 

group. This finding is not consistent with the study of 

Adeleke et al. (2018), who reported that exposure to crude 

oil caused a significant increase in body weight gain in 

experimental rats relative to control, suggesting the tendency 

of this toxicant to induce overweight or even obesity in 

mammals. However, Orisakwe et al. (2004) reported a 

decrease in Wistar rat testicular weight when exposed to 

crude oil. The weight of the male reproductive organ usually 

provides a useful reproductive risk assessment in 

experimental studies (Raji et al., 2005). 

Testosterone is the male gonadal hormone produced by the 

interstitial cells of the Leydig in the testis. The testicular 

steroidogenesis can be affected by many exogenous factors 

(chemicals, pollutants, e.t.c) acting in many different ways 

due to the complex physiological mechanism that regulates 

Leydig cell function (Cooke, 1998; Ebokaiwe and Farombi, 

2014). The reduction in serum testosterone level in this 

study, is consistent with the study of Ebokaiwe and Farombi 

(2014), which reported a significant decrease in serum 

testosterone levels in rats administered with Bonny light 

crude oil. The decreased serum testosterone in the water-

soluble fraction of crude oil-treated rats observed may likely 

be due to Leydig cell impairment caused by ROS generation 

(Chen et al., 2008). 

There was a significant increase in testicular MDA in rats 

treated with WSF compared to the control in this study. This 

finding is consistent with previous studies on Bonny light 

crude oil (Farombi et al., 2010; Ebokaiwe and Farombi, 

2014). The increase in testicular MDA indicates the 

a 

c 

b 
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induction of lipid peroxidation in the testis, which might 

have contributed to the loss of testicular function due to 

oxidative damage (Oyovwi et al., 2021). This finding 

implies that the water-soluble fraction of crude oil exerts 

testicular toxicity in Wistar rats. In addition, antioxidant 

enzymes SOD were adversely affected by WSF in testes. 

SOD plays a key role in the detoxification of superoxide 

radicals, thereby protecting the testis from damage induced 

by free radicals (Fridovich, 1997). The observed decrease in 

SOD activity suggests increased production of superoxide 

radicals due to exposure to WSF. In a related study, Azeez et 

al. (2013) reported a significant reduction in SOD activity 

on exposure to petroleum hydrocarbons. However, the 

administration of quercetin was effective in ameliorating 

testicular toxicity induced by lipid peroxidation in the group 

co-treated with WSF compared to control in this study. This 

finding is in line with the study of Ebokaiwe and Farombi, 

(2014), that have reported the antioxidant effects of 

quercetin on crude oil-induced testicular toxicity. Quercetin 

is efficacious in stabilizing lipid membranes and preventing 

lipid peroxidation through its mechanism of free radical 

scavenging (Cerezetti et al., 2021). Surprisingly, our study 

could not show significant effects on the testicular activity 

of catalase across the different treated groups. This finding 

implies that WSF had no adverse effect on the catalase 

activity of the testes of Wistar rats.  

Another possible pathway that may account for the reduced 

serum testosterone in the WSF treated group may be the 

inflammatory pathway. Several studies have documented 

that inflammatory cytokines can inhibit cAMP-induced 

steroidogenesis (Payne and Youngblood, 1995; Guzman et 

al., 2010; Milosevic et al., 2021). It has been shown that a 

single injection of IL-1β (an inflammatory cytokine) can 

reduce the effects of hCG stimulation on testosterone 

production (Turnbull and Rivier, 1997). The significant 

increase in testicular IL-1β in WSF treated group in this 

study may account for the low serum testosterone level 

recorded in the WSF-treated group when compared to the 

control group. This study is in line with the study of Ita et 

al., (2016), that reported increase in inflammatory markers 

and reduced testosterone in crude oil-induced toxicity. 

Surprisingly, quercetin could not ameliorate the increased 

testicular inflammatory biomarkers in the QUE+WSF co-

treated group compared to the WSF treated group. This 

finding could likely explain the significant reduction in 

serum testosterone levels in QUE +WSF co-treated group 

compared with the control despite the antioxidant effects of 

quercetin. 

Finally, this study observed that WSF significantly reduced 

the testicular level of zinc and potassium. This finding is 

consistent with Oyeyemi et al. (2022), who reported a 

similar outcome. Zinc is an antioxidant element that is 

available in body tissues and fluids. It is essential for cell 

division, growth, immunity, and wound healing. The 

observed decrease in the testicular zinc levels may likely be 

due to WSF interrupting its binding site in the testes. 

However, the co-administration of WSF with quercetin 

increases testicular zinc and potassium levels, suggesting 

that quercetin could reduce testicular toxicity induced by 

WSF due to its antioxidant and chelating properties. 

Additionally, testicular levels of sodium and copper were 

not significantly different across the treatment groups. 

 

CONCLUSION 

The study suggests that WSF induces testicular toxicity 

through increase in lipid peroxidation and testicular IL-1β 

levels which could have resulted in the low testosterone 

level. Moreover, quercetin could only ameliorate the effects 

of WSF on testicular lipid peroxidation. 
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