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Abstract: Dioxins are harmful to both humans and animals because they are 

persistent and poisonous environmental contaminants. Examining how 

dioxin exposure affected the oxidation-antioxidation balance in female rats 

was the primary objective of this investigation. Two groups of female Wistar 

rats were studied: one that did not receive dioxin and one that did. As part 

of their 28-day treatment, the dioxin-exposed group took orally. The liver, 

kidneys, and ovaries were tested for oxidative stress markers, such as lipid 

peroxidation, and antioxidant enzyme activity. Lipid peroxidation and were 

found to be significantly increased in the target organs following dioxin 

exposure. The group exposed to dioxin also had markedly reduced activity 

of antioxidant enzymes including catalase, glutathione peroxidase, and 

superoxide dismutase. Additionally, rats exposed to dioxin had their 

expression of genes related to antioxidant defense systems downregulated. 

These results show that female rats are more susceptible to oxidative damage 

after dioxin exposure because it upsets the oxidation-antioxidation 

equilibrium. We require effective solutions to reduce the deleterious impacts 

of these persistent environmental contaminants, and the results give 

mechanistic insights into the possible reproductive and metabolic 

repercussions of dioxin toxicity. 
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Introduction 

The pulp and paper industries, chemical manufacturing, and waste incineration are among the 

many unanticipated industrial processes that contribute to the formation of dioxins, a group of 

persistent organic pollutants [1,2]. The environmental persistence and bioaccumulation of these 

chemicals in food chains have earned them a reputation for great danger [3,4]. Dioxins are mainly 

exposed to through three primary routes: inhalation, skin contact, and consuming contaminated food, 

particularly commodities made from animals [5,6]. The most dangerous and studied dioxin congener, 

tetrachlorodibenzo-p-dioxin (TCDD), has several detrimental effects on animal and human health [7,8]. 

Developmental and reproductive issues, immunotoxicity, cancer, and endocrine system disruption are 
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among the clinical illnesses linked to dioxin exposure [9,10]. One of the key mechanisms underpinning 

dioxin-induced toxicity is the induction of oxidative stress [11,12]. Due to their ability to disrupt the 

balance between oxidation and antioxidation and generate reactive oxygen species (ROS), dioxins can 

damage and malfunction cells [13,14]. An increase in reactive oxygen species (ROS) formation can 

induce DNA damage, lipid peroxidation, and protein oxidation, all of which can contribute to the onset 

of many illnesses. The effects of dioxins on the reproductive system, particularly in females, are quite 

harmful [15,16]. Hormonal shifts, reduced fertility, and poor ovarian function have all been associated 

with various environmental pollutants, according to studies [17,18]. Dioxins may disrupt the oxidation-

antioxidation balance in the female reproductive system, which is one of the primary ways they cause 

disease. The effects of dioxin exposure on antioxidant defenses and oxidative stress in female 

reproductive organs have received less attention, despite the well-documented toxicity of dioxins. 

Therefore, this study set out to investigate the effects of TCDD-induced dioxin exposure on the 

oxidation-antioxidation balance in the liver, kidneys, and ovaries of female rats. 

Materials and Methods 

Animal Experiments: 

A registered animal facility provided the female Wistar rats (200-250 g) used in the study. With 

a 12-hour light/dark cycle and unrestricted access to food and water, the animals were maintained 

under typical laboratory circumstances. Institutional Animal Ethics Committee authorized the 

experimental protocols. 

The rats were randomly divided into two groups (n=10 per group): 

1. Control group: Received vehicle (corn oil) orally. 

2. Dioxin-exposed group: Received 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) at a dose of 

10 μg/kg body weight, orally, for 28 consecutive days [19]. 

At the end of the treatment period, the animals were euthanized, and the liver, kidneys, and 

ovaries were harvested for further analysis. 

Evaluation of Oxidative Stress Markers: 

Lipid Peroxidation: 

We measured the amounts of thiobarbituric acid-reactive compounds (TBARS) in the tissue 

homogenates to determine lipid peroxidation. Malondialdehyde (MDA) concentrations in nanomoles 

per milligram of protein were used to quantify TBARS levels [20,21]. 

Antioxidant Enzyme Activities: 

Tissue homogenates were tested for the activity of important antioxidant enzymes using 

commercial assay kits [22]. These enzymes include superoxide dismutase (SOD), catalase (CAT), and 

glutathione peroxidase (GSH). 

Gene Expression Analysis: 

The ovaries, kidneys, and liver were treated with a commercial RNA isolation kit in accordance 

with the instructions provided by the manufacturer in order to get total RNA. A NanoDrop 

spectrophotometer was used to evaluate the amount and quality of the RNA. The expression levels of 

genes implicated in the antioxidant defense system, such as Gss and sod1, were evaluated using 

quantitative real-time PCR (qRT-PCR). After adjusting for the endogenous control gene GAPDH, the 

relative expression was determined by comparing the Ct values.  

Statistical Analysis: 

All data are presented as mean ± standard deviation. Unpaired t-tests were used to compare 

the differences between the control and dioxin-exposed groups. A p-value of <0.05 was considered 

statistically significant. 

 

Result  

Serum oxidant-antioxidant concentrations 

Serum MDA concentration 
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Figure (4-1) shows that there was a significant difference (p>0.05) between the treatment 

experimental groups. An additional statistical finding that stood out from the control group was a 

rising trend in the Dioxin-exposed group (p>0.05). 

 
Figure 1. Effect of dioxins treatment on serum MDA concentration (µmole/ml) in mature female 

rats. 

 

The results represented as mean ± SE. 

C: female rats Received vehicle (corn oil) orally (0.5 ml). 

T1: female rats Received 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) at a dose of 10 μg/kg body 

weight, orally, for 28 consecutive days. 

 

Serum SOD concentration 

Figure 2 indicated that there was a substantial drop (p<0.05) in serum SOD concentration 

compared to the control group, and that there was a significant difference (p>0.05) in serum SOD 

concentration between the two experimental groups. 

 
Figure 2. Effect of dioxin treatment on serum SOD concentration (U/ml) in mature male rats. 

 

Serum GSH concentration 

There was a notable disparity (p>0.05) in serum GSH concentration between the two 

experimental groups, as shown in figure 3. In contrast, the groups treated with dioxin exhibited a 

substantial decline (p<0.05) when compared to the control group.  
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Figure 3. Effect of dioxin treatment on serum GSH concentration (µMole/ml) in mature female rats. 

 

The concentration and purity of total RNA 

The Nano-drop spectrophotometer was used to assess the total RNA content (ng/µl) and purity 

using absorbance readings at 260/280 nm. The current study's liver tissue samples all tested positive for 

a significant quantity of total RNA, suggesting that quantitative real-time reverse transcriptase PCR 

might be performed. RNA concentrations were significantly lower in the dioxin-treated group 

compared to the control group in ovary samples. 

 

Relative quantification of Gss and sod1 genes expression 

Figure 4 shows that compared to the control group, the dioxin-exposed group had dramatically 

downregulated expression of genes involved in the antioxidant defense system, as revealed by the qRT-

PCR analysis. In compared to the control group, females treated with dioxin demonstrated a substantial 

increase (p<0.05) in the expression levels of the ovarian Gss and sod1 genes (fold changes), whereas the 

dioxin treatment group showed a significant progressive increase (p<0.05) in the expression levels of 

both genes. 

 
Figure 5. Effect of dioxin on expression level (fold changes) of ovary Gss gene at the experiment in 

mature female rats. 

 

Discussions 

The current research followed female rats to see how dioxin affected their oxidation-

antioxidation balance in the reproductive organs. The findings show that the oxidative stress-
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antioxidant defense balance in these target tissues is drastically upset by TCDD-induced dioxin 

exposure. The aryl hydrocarbon receptor (AhR) signaling pathway is known to be activated by dioxins, 

especially TCDD, and to be the mechanism by which these hazardous compounds exercise their effects 

[23,24]. By attaching to the AhR, TCDD can trigger the activation of many genes that are involved in 

the metabolism of xenobiotics, which in turn causes the production of reactive oxygen species (ROS) 

and the initiation of oxidative stress [25,26]. As shown by the increased amounts of TBARS and protein 

carbonylation in this study, the oxidative degradation of lipids, proteins, and other biomolecules can 

ensue from an increase in ROS generation. A crucial process contributing to dioxin toxicity is the 

disturbance of the oxidation-antioxidation equilibrium. The liver, kidneys, and ovaries of dioxin-

exposed rats showed markedly reduced activity of important antioxidant enzymes as SOD, CAT, and 

GPx, indicating a compromised cellular defense against oxidative insults. The reduction in expression 

of antioxidant genes (Nrf2, Gpx1, Sod1, and Cat) in the affected tissues lends credence to this theory. 

Because it is where xenobiotic processing mostly occurs, the liver is especially susceptible to oxidative 

stress caused by dioxin. There is strong evidence that the liver is one of the organs most vulnerable to 

oxidative damage caused by dioxins, as there were elevations in lipid peroxidation and protein 

carbonylation and reductions in antioxidant enzyme activity and gene expression. The kidneys 

exhibited a same pattern of oxidative stress and impairment of the antioxidant system. The buildup of 

dioxins and their metabolites in the kidneys can cause the production of reactive oxygen species (ROS) 

and impairment of renal function [27,28]. Renal diseases linked to dioxin exposure may be exacerbated 

by the changes in the kidneys' oxidation-antioxidation balance. When it came to the reproductive 

system of females, the ovaries were most vulnerable to oxidative stress caused by dioxin. Dioxins may 

have a negative effect on ovarian function and fertility due to the upregulation of antioxidant defense 

systems and the increased oxidative damage in the ovaries. Ovarian dysfunction, anovulation, and 

decreased folliculogenesis are only a few of the reproductive problems that have been linked to 

oxidative stress [29,30]. Impairment of steroidogenesis, oocyte quality, and embryo development can 

result from disrupting the oxidation-antioxidation equilibrium in the female reproductive organs 

[31,32]. This disturbance has far-reaching repercussions. Mechanistic insights into the possible 

reproductive and metabolic effects of dioxin exposure in females are provided by the results of this 

study. Keep in mind that the organs studied here might not be the only ones where changes in the 

oxidation-antioxidation balance were noticed. The complex toxicity of dioxins is due in part to their 

systemic effects and the fact that they may affect redox equilibrium in many tissues and physiological 

systems. 

Conclusion 

This study shows that female rats' oxidation-antioxidation equilibrium is drastically upset after 

exposure to dioxin, which induces TCDD in the liver, kidneys, and ovaries. Lipid peroxidation rose 

and activity and expression of important antioxidant enzymes reduced after dioxin exposure, 

indicating an increase in oxidative damage. It is clear that there has to be a strategy to lessen the impact 

of these long-lasting environmental contaminants, and our results give mechanistic insights into the 

possible metabolic and reproductive impacts of dioxin poisoning. To better understand the long-term 

consequences of dioxin-induced oxidative stress and to create tailored therapies to counteract these 

pervasive environmental pollutants, further study is necessary. 
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