


Carbon tetrachloride modulate oxidative stress and antioxidant responses in hepatic tissues of zebrafish


Abstract
Aquatic species are susceptible to oxidative stress under a variety of adverse environmental circumstances. A zebrafish model was used to investigate the sub-lethal impact of CCl4 on antioxidant defences and oxidative stress. Lipid peroxidation (LPO) levels were assessed for oxidative stress. The liver tissues had significantly more reactive oxygen species after 30 days of CCl4 exposure, which raises the liver's LPO levels. Superoxide dismutase (SOD) and catalase (CAT), two antioxidant defence enzymes, were elevated in the livers of the fish exposed to sublethal levels of CCl4 for 30 days. The liver's glutathione transferase (GST) level rose when exposed to CCl4. In fish exposed to CCl4, the current study discovered a substantial correlation between antioxidant defences and oxidative stress. Overall, the findings indicate that fish exposed to CCl4 show signs of oxidative stress and that the corresponding antioxidant response in their livers is modulated by CCl4 which may result in susceptibility. This suggests that zebrafish could be used as a bioindicator of exposure to organic pollutants by measuring the activities of antioxidant enzymes.
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Introduction
Carbon tetrachloride (CCl4) is a synthetic, man-made volatile organic compound historically utilised as an industrial cleaner and solvent (Afzal et al., 2025). Although its use declined based on its established toxicity, it still stays in the environment, particularly in industrial effluent (Bikram  et al., 2023). CCl4 was once employed as a cleaning fluid, fire extinguisher, refrigerant, and fumigant, but its usage has been restricted or banned in many countries due to its toxicity and environmental impact. The United States Environmental Protection Agency (EPA) defines the maximum allowable concentration of CCl4 in water as 5 parts per billion (ppb), beyond which it is classified as an environmental poison (National Toxicology Program, 2021). 
Both brief and extended exposure to CCl4 can cause harm to the skin, brain, blood, and in certain cases, it can even be lethal. In addition to mammals (Venkatanarayana et al., 2012), CCl4-induced damage has been shown in non-mammalian vertebrates, such as birds (Weber et al., 2003), teleosts, including rainbow trout, Cyprinus carpio and tilapia (Jia et al., 2014; Tan et al., 2019).
Zebrafish Danio rerio is a model fish used in laboratory experiments. It produces big, transparent eggs that are externally fertilised. As a result, it has become a model fish in biology and biotechnology.  CCl4 has been widely employed in ecotoxicological studies in recent years, although little is known about its biochemical effects on fish (Jia et al., 2014). The goal of this study was to analyze the biochemical parameters in zebrafish exposed to CCl4 and to determine the level of tissue damage in zebrafish. Oxidative stress occurs when ROS levels are out of balance with cellular antioxidant defences. ROS has been related to the development of several disorders, including cancer, neurological diseases, cardiovascular diseases and aging. The electron transport chain, oxidases, cyclooxygenases, peroxidases, and the autoxidation of flavin thiols are the primary producers of free radicals in the body. Organic solvents, pesticides, tobacco smoke, anaesthetics, pharmaceuticals, radiation, and xenobiotics are among the environmental variables that may cause oxidative stress.
The study aimed to establish baseline data on biomarkers that have been shown to respond to chemical stressors in zebrafish. The data recorded in this study will be utilized to analyze the current state and trends in chemical contamination response. The suggested approach involves chemical screening and bioassay-directed fractionation to identify the causes of reactions and the source of the most likely contaminants. Numerous biomarkers have been employed in recent years to track the effects of CCl4 on fish. The majority of these studies have focused on biotransformation, osmoregulation, hepatic enzymes, genotoxicity, lipid peroxidative damage, and antioxidant responses (Chang et al., 2007; Raja et al. 2007), were limited to intraperitoneal injection (Jia et al. 2013), or were limited to short-term aqueous exposure (1–5 days). To the best of our knowledge, no extensive research has been done on the production of ROS by CCl4 and the ensuing harmful consequences on the liver tissues of fish. Hence, this study represents the initial effort to assess the impact of ROS on the regulation of antioxidant markers like catalase (CAT), superoxide dismutase (SOD), and glutathione S-transferase (GST) in zebrafish following prolonged (30 days) exposure to CCl4.

2.0 Materials and Methods
2.1 Collection and maintenance of zebrafish in laboratory condition 
Zebrafish Danio rerio weighing 3.5g- 5.2 g were collected from the aqua farm located at Madhavaram, Chennai and transported to the laboratory, Pachaiyapas College, Chennai. The fish were kept in big glass aquaria (90 X 60 X 45 cm) filled with aerated freshwater and commercial fish flakes were used to feed the fish during acclimatization.  For a week, fish was acclimatized to laboratory conditions and a feeding regimen by changing the water every day. Dissolved oxygen (5–6 mg/L), temperature (28±1oC), and pH (7.3±0.1) were the tank holding conditions. A 14:10 h light:dark cycle was used to produce illumination.
2.2 Determination of lethal, median lethal and sublethal concentration of CCl4
An acute toxicity (96-hour) test was carried out to determine the lethal (LC100), median lethal (LC50), and sublethal (LC0) values of CCl4 to D. rerio using the static renewal approach (Gopalakrishnan et al., 2011). In acetone, 1 part per trillion (PPT) of CCl4 was produced as a stock solution (HPLC grade). From this stock solution, concentrations of 1, 5, 10, 20, 40 and 80 mg/L were prepared. Ten fish were placed into each concentration in 20 L glass aquaria with seawater, and the test solution was changed daily. During the 96-hour bioassay test period, no food was provided. Dead fish were removed from the test medium right away. Duplicate chamber were used for each concentration. The 96-hour LC50 value was determined using the Finney (1971) approach, which involved recording the fish mortality % after 96 hours and calculating the mortality percentage using probit analysis.
2.3 Chronic exposure of zebrafish at sublethal concentration of CCl4
Fish were divided into four groups of ten specimens each to assess changes in biomarkers when fish exposed to CCl4.  Group I were treated with normal freshwater and treated as control. Fish in Group II were raised in acetone treated water (which is used as substance dissolves CCl4).  Fish in groups III to IV were exposed to seawater containing 1 mg/L and 5 mg/L CCl4, which were the sublethal values at which 0 percent mortality occurred after 96 hours. The studies were conducted in glass aquaria (90" X 60" X 45") with duplicate chambers for each concentration. The fish was fed with commercially available fish flakes during the experimental period. The test solution in all the chamber were changed every day.  The experiment continued for 30 days followed by the dissection to take out the organ which is used for the biochemical analysis, the target organ liver was put on ice and kept at -20 degrees Celsius until it was utilized. 
2.4 Biomarkers for evaluating toxicity of CCl4 
Oxidative stress
Lipid peroxidation (LPO) was measured in terms of malondialdehyde (MDA). Briefly, Devasagayam and Tarachand's (1987) method was used to calculate Thiobarbituric acid (TBA). The colour produced was measured at 532 nm, and the malondialdehyde (MDA) concentration of the sample was reported as nmol of MDA generated/unit protein.
Antioxidant defence in response to oxidative stress
Catalase activity
Catalase (CAT) activity was determine following Sinha (1972) methods. Briefly, dichromate in acetic acid was heated in the presence of H2O2 to produce chromic acetate, with perchromic acid developing as an unstable intermediate. Colorimetric examination of chromatic acetate was carried out at 570 nm. Different times were given to the reaction to run before it was stopped with a dichromate acetic acid solution. To determine how much H2O2 remained, colorimetric measurements of chromic acetate were employed. It was measured how much H2O2 was utilised per minute per millilitre of protein.  
Superoxide dismutase activity
Superoxide dismutase (SOD) activity was calculated following the method of Marklund and Marklund's (1974), which measured the amount of pyrogallol auto-oxidation inhibition at an alkaline pH. One unit of SOD activity is defined as the amount of enzyme that inhibits the oxidation reaction by 50% of its maximum inhibition. 
Glutathione-s-transferase activity
 Glutathione-s-transferase (GST) activity was measure at 37 °C, using  spectrophotometric measurement of the GST activity of the fraction obtained with the substrate 1-chloro-2,4-dinitrobenzene (CDNB) was conducted by conjugating the acceptor substrate with glutathione, as previously reported by Habig et al. (1974). The converted conjugate/min/mg protein was used to express the results.
2.5 Statistical analysis
In order to analyze the statistical difference, SPSS version 20.0 software was utilized. In summary, each group had six fish gathered in duplicate, and the result was the mean standard error of six individuals per group. Bartlett's test was used to assess the homogeneity and normality of the data. Since all of the data was normally distributed, a one-way analysis of variance (ANOVA) was used to see if there were any differences between the groups. To determine significance, a p-value of less than 0.05 was employed. The statistical difference between each treatment group was determined using the Tukey's multiple comparison post hoc tests.
3.0 Results
3.1 Determination of median lethal concentration
[image: ]
Fig. 1. Percent survival when the zebrafish exposed to different concentration of CCl4
During an acute CCl4 exposure, survivability of fish was recorded for the period of 96 h. Survivability decreased as the concentration of CCl4 in the exposure media increased. At 10 mg /L the percent survival decreased up to 10-15% and 20 mg /L of CCl4 60 percent survival was recorded and at 40 mg/L of CCl4 about 20% of fish survived after 96 h exposure, however at 80 mg/L no fish survived (Figure 1).  

3.2 Measure of oxidative stress in response to CCl4  exposure
Exposure to CCl4 resulted in significant increase in oxidative stress as determined by concentrations of LPO in liver of fish (Figure 2). LPO levels of liver were greater in fish exposed to sublethal concentration of CCl4 after days. The magnitudes of LPO in liver were greater in fish exposed at higher concentration of CCl4.  However both exposed concentration showed statistically significant change with respect to control group. Moreover, the increase in LPO level was concentration dependent (Figure 2). 
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Figure 2. Lipid peroxidation levels in zebrafish liver exposed to different concentration of CCl4 for 30 d. Values are expressed mean ± S.D. Same alphabets denotes no significant different groups, different letter indicates significant differences between groups (p<0.05)

3.2 Measure of antioxidant response
After 30 days of exposure to CCl4, the fish's liver modulated the antioxidant enzymes including CAT, SOD, and GST. The changes were depicted in Figure (3-5).  Following 30 days of exposure to CCl4, an increasing trend in CAT activity was recorded. The observed changes in CAT activity was similar in both exposed concentration of CCl4 compared with the corresponding control group. Following 30 days of exposure to CCl4 the CAT activity never drop down in both the exposed concentration (Figure 3). 
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Fig. 3. Catalase activity in zebrafish liver exposed to different concentration of CCl4 for 30 d. Values are expressed mean ± S.D. Same alphabets denotes no significant different groups, different letter indicates significant differences between groups (p<0.05)
After 30 days of exposure to CCl4, an increasing trend in SOD activity in liver of zebrafish was recorded. The SOD activity increased significantly after 30 days of exposure in both exposed concentration of CCl4 compared to the corresponding control group and such increase were  upto one fold change, further the increase in SOD activity was concentration dependent and statistically significant (Figure 4).
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. Figure 4. Superoxide dismutase activity in zebrafish liver exposed to different concentration of CCl4 for 30 d. Values are expressed mean ± S.D. Same alphabets denotes no significant different groups, different letter indicates significant between groups (p<0.05)
GST activity is used to quantify the zebrafish's response to oxidative stress and the antioxidant that is produced to get rid of the oxidant that is produced when they are exposed to CCl4. After 30 days, the amount of GST activity differed depending on the CCl4 exposure concentration (Figure 5). Fish subjected to the highest concentration of CCl4 exposure had the highest levels of GST activity. After 30 days of CCl4 treatment, the liver's GST activity peaked, and the rise in GST activity was concentration-dependent throughout the period of exposure. Moreover the increase in GST activity was statistically significant with respect to the corresponding control group.
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Fig. 5. Glutathione s transferase activity in zebrafish liver exposed to different concentration of CCl4 for 30 d. Values are expressed mean ± S.D. Same alphabets denotes no significant different groups, different letter indicates significant between groups (p<0.05)
4.0 Discussion
Despite being prohibited in our nation, the selected organic pollutant, CCl4, has been found in the aquatic resource. The surface water in the nearby coastal area had ambient concentrations of CCl4 of about 20 parts per billion. The concentrations used in this investigation are probably not close to levels that are relevant to the environment, although bioaccumulation may cause them to reach levels in the tested animals. The current study unequivocally demonstrates that fish exposed to sublethal concentrations of CCl4 experience changes in their liver's oxidative and antioxidant stress markers.
Highly oxidized proteins can be stabilized by aggregation, cross-linking, and decreased solubility (Zhang et al., 2008). The most serious effect that could happen is probably an increase. However, it is important to determine the extent to which such levels are not expected to negatively impact fish survival. LPO levels in aquatic organisms have been shown in numerous studies to rise in a variety of tissues when exposed to varying environmental circumstances (Kurutas, 2016). A higher level of LPO in fish liver is associated with a dose-dependent CCl4 concentration. MDA, an LPO byproduct, has been shown to be extremely reactive and a key mediator of DNA damage. 
According to the Haber-Weiss reaction, hydroxyl radicals generated by coupled oxygen radicals and H2O2 counteract increases in TBA, which in turn lower antioxidant levels in fish liver, by increasing oxidative stress indicators, thereby lowering oxidative stress. While CAT is responsible for detoxifying significant amounts of H2O2 produced as a result of the SOD-catalyzed process, SOD is a crucial antioxidant enzyme and the first to scavenge superoxide radicals (O2-). ROS generated during PAH metabolism may be the cause of the decreased SOD and CAT activity seen in this investigation. The increase in CAT can also be attributed to the increased production of superoxide anion radical, which has been demonstrated to trigger CAT activity (Sarker et al., 2018). Increased liver amounts of antioxidant enzymes like SOD and CAT could be a sign of the animal's adaptive response to oxidative stress caused by CCl4 exposure. 
Due to oxidative stress caused by CCl4, GST is extensively dispersed throughout the liver. GST levels may result from direct interactions with organic compounds or from increased glutathione consumption as a ROS scavenger. The induction of GST activity in fish exposed to CCl4 for 30 days in the current study indicates that CCl4 is stressing the fish. An essential cellular antioxidant, glutathione helps protect cell components from harm brought on by ROS and RNS. Therefore, fish exposed to CCl4 may be more susceptible to LPO if their antioxidant defenses are inhibited or depleted. Additionally, following 30 days of exposure to CCl4, there was a significant decrease in GST activity and a corresponding increase. 
Numerous researches have examined how exposure to xenobiotics affects the activity of antioxidant enzymes in fresh vertebrates (Almeida et al., 2007). These studies show that antioxidant enzymes can increase in low toxicant concentrations with increasing time or dosage, but they can also decrease or even be inhibited. The results of our investigation demonstrated that the fish's liver's antioxidant enzyme activity increased at all concentrations, suggesting an increase in oxygen free radical (O2- and H2O2) generation. Additionally, the investigated liver antioxidant enzyme activity varied widely, indicating that CCl4 has a range of physiological reactions and functions.  CAT activity catalyzes the reduction of lipids or hydroperoxides to alcohols as well as the reduction of hydrogen peroxide to water. According to Grădinariu et al.(2025), the biotransformation enzyme GST plays a part in protecting lipids and DNA from oxidative damage and peroxidation products. GST can affect a fish's susceptibility to some xenobiotics. Our findings show that after 30 days of continuous exposures to a sublethal concentration of CCl4, fish livers experience oxidative stress and the modulation of antioxidant and related enzymes like SOD and CAT. Thus, by employing biomarkers assessed in the liver, the mud fish may be utilized as a bioindicator to quantify organic pollution.
Conclusion
In conclusion, evaluating the liver's activity can reveal the health of the host, and in model fish, this organ has a high concentration of detoxifying enzymes. We conclude from the results of this study that fish exposed to CCl4 exhibit much higher levels of reactive oxygen species. A significant increase in all oxidative stress indicators suggests that this may then indirectly affect antioxidant scavenging capacity. Overall, the findings are consistent with the theory that CCl4 is the main contributor to oxidative stress in fish livers.
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