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			ABSTRACT

		

		
			Bisphenol A (BPA) is an aquatic contaminant, exerting adverse effects on aquatic organisms especially fish. Therefore, current research was conducted to assess the deleterious effects of bisphenol A on antioxidant system, oxidative stress content, genotoxicity and histological alterations in Labeo rohita. Four fish groups (A–D) were setup. Group A was control and groups B–D were exposed to three different amounts of BPA for twenty-one days. Results showed significant increase in oxidative stress content such as TBARS (thiobarbituric acid reactive substance) and ROS (reactive oxygen species) and decreased antioxidant enzymes such as POD (peroxidase), GSH (reduced glutathione), SOD (superoxidase dismutase) and CAT (catalase) in exposed fish. Comet assay showed DNA damage in erythrocytes. Histological examination revealed that BPA causes various degenerative effect in soft tissues of liver, kidney and gills of L. rohita. The current investigation concluded that bisphenol A induces harmful effects by disrupting the physiology of some important organs and histological alteration in various tissues of exposed fish.
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			Introduction

			Bisphenol A (BPA) is an environmental stressor and is a plastic making chemical that has been extensively used to make different kinds of plastic materials (Stefan-van Staden et al., 2014). People of all ages are continuously exposed to BPA because of its widespread use in the synthesis of plastic beverage and food products and food can coatings (Eid et al., 2015). It is one of the world’s most manufactured compounds due to rising plastic product demand. BPA is a toxic compound and a number of studies concerning its toxicological effects on vertebrates and invertebrates have been reported (Almeida et al., 2018). Therefore, the use of BPA in manufacturing different kinds of materials has now been banned in many developed countries (Moreman et al., 2017). Because of this, several functional analogues of BPA have introduced the market across the world but it is still the most widely used chemical in developing countries (Eladak et al., 2015). BPA was found in more than 90% of urine samples from humans, indicating widespread exposure. The liver quickly conjugates and excretes it in the urine (Vandenberg et al., 2010). Numerous adverse effects including a rise in body weight, accumulation of lipids in different tissues, leptin variations, alterations in estradiol and osteocalcin levels, as well as pancreatic functioning were reported. It also causes diabetes, cardiovascular abnormalities, and liver enzyme variations (Eid et al., 2015). BPA poses a potential threat to humans and other animals, especially aquatic organisms. Urban sewage, discharge from the petrochemical industries, and leachate from landfills are all potential sources of BPA exposure (Tsai, 2006). The amount of BPA in water samples has been found to be between 4.4 and 8000 ng/L in Europe, Asia and North America (Xu et al., 2018). So, it is problematic for aquatic animals to escape the toxic effects of BPA. Among all aquatic animals, fish are extremely susceptible to various kinds of pollutants, including bisphenol A, which enters the body through various absorbing sites such as gills, skin, and the oral cavity and gets accumulated into different body organs, especially the liver, kidney, and gills, causing disruption in biochemical and physiological processes (Mantecca et al., 2006). Because of the hazardous effects of BPA on aquatic life including fish, it has been widely used in recent years for testing aquatic toxicity. Fish are frequently used as biological markers to assess the condition of aquatic environments because of their biological responses. Earlier studies about the sublethal effects of BPA on morphological characters, growth, hematobiochemical (Asenuga et al., 2022), genotoxicity, oxidative stress (Akram et al., 2021), and histopathological alterations in fish were reported (Afzal et al., 2022).

			Very few studies are available about the sublethal toxicity of environmental stressor (bisphenol A) and its effects on stress content, antioxidant mechanism and genotoxic damage in L. rohita. Therefore, current research work was designed to evaluate the sublethal toxic effects of BPA on freshwater teleost L. rohita by studying the effects of BPA on antioxidant mechanism, genotoxic alterations and histology of some vital body organs. As mentioned above, the present study was conducted to explore BPA’s effects on Labeo rohita. L. rohita is the most common and commercially important tropical freshwater carp and good for farming in Pakistan and other countries. It constitutes about 60% of the cultured fish in Pakistan (Gupta et al., 2021). Therefore, we selected L. rohita as a model organism to evaluate BPA toxicity at low levels.

			Materials and Methods

			Animal collection and placement

			The current study was conducted in Aquaculture Lab of Department of Fisheries and lab of Department of Zoology, University of Okara, Pakistan with approval from the Office of Research and Innovative Commercialization (ORIC). Healthy and active Labeo rohita were taken from fish farm at Head Balloki, District Kasur, Punjab, Pakistan and transported to the university aquaculture laboratory. No mortality was found during transport. Fish with an average size of 18.38 ± 0.30 cm, weighing 32.37±5.73 g were placed in a large glass aquarium having dimensions of 35ʺ L × 40ʺ W × 30ʺ H with 80 liters of water. The fish were rinsed with a 0.1% KMnO4 solution and acclimatized in glass aquariums for seven days.

			Chemicals

			Bisphenol A (98% purity) was acquired from MACLIN, China. For preparation of the stock solution, an appropriate concentration of solid BPA was dissolved in ethanol and kept in glass containers at 4 °C.

			Experimental design

			After acclimatization, for the experimental trial, four groups (A, B, C, and D) were designed as control and three treatment groups, each with three replicas. Group A was treated as a chemical free freshwater. Groups B, C and D were exposed to three different doses of BPA, as 400, 800, and 1600 µg/L, respectively for 21 days. Doses were made on the basis of earlier research (Akram et al., 2021). Every second day, about 90% of water in each glass aquarium was changed. Every day, fish were fed with commercial feed that contained 22% protein. At the beginning, middle, and end of the trial, the physicochemical parameters of water were measured as presented in Table I.

			Table I. Physicochemical parameters of water for trial animals. The values are shown as mean ± SD.

			
				
					
					
				
				
					
							
							Variables (mg/l)

						
							
							Values

						
					

					
							
							Temperature (0C)

						
							
							27.0 ± 0.12

						
					

					
							
							DO

						
							
							8.09 ± 0.14

						
					

					
							
							Total dissolved solid 

						
							
							182.11 ± 3.02

						
					

					
							
							Total hardness

						
							
							171.3 ± 0.13

						
					

					
							
							Magnesium

						
							
							13.9 ± 0.21

						
					

					
							
							Chlorides

						
							
							7.3 ± 0.02

						
					

					
							
							pH

						
							
							8.93 ± 0.17

						
					

					
							
							Sodium

						
							
							12.6 ± 0.16

						
					

					
							
							Potassium

						
							
							1.6 ± 0.09

						
					

					
							
							Calcium

						
							
							37.3 ± 0.13

						
					

					
							
							Sulphates

						
							
							39.6 ± 0.12

						
					

				
			

			Comet assay

			On day 21, fish were removed from treated and control groups. Blood was collected by means of a BD syringe from the caudal vein and stored for further processes. This examination was carried out in a laboratory using specific experimental techniques. Fish were anesthetized by using clove oil. For the estimation of genotoxicity in erythrocytes, comet assay approach was used following the Singh et al. (1988) method under alkaline environment. The ethidium bromide was used for staining microscopic slides and examined with a fluorescent microscope at 400 × magnification. Comet IV computer software was used to score microscopic pictures of the comet (Chaubey, 2005).

			Oxidative and antioxidant estimation

			After blood collection, fish were dissected humanely. The kidney, liver and gills were removed from each fish for oxidant and antioxidant enzyme estimation. A teflon homogenizer was used to homogenize all of the samples in phosphate buffer saline. After filtering and centrifuging at 1600 × g at 4°C for 10 min, the supernatant was obtained and stored at -20 °C for more study. The activities of antioxidant enzymes were assessed using commercially available diagnostic reagent kits according to the given instructions (ELISA Kits Manufacturer, USA). According to earlier investigations, several antioxidant enzymes and oxidative stress indicators were identified. Using the techniques described by Hayashi et al. (2007) and Ohkawa et al. (1979), ROS, GSH and TBARS were evaluated, in the kidney, liver, and gills of each BPA exposed fish. Several antioxidant enzymes, POD (peroxidase), SOD (superoxidase dismutase), and CAT (catalase) were assessed by the methods of Kakkar et al. (1984) in kidney, liver and gills of BPA exposed fish.

			Histology

			After dissection, liver, kidney, and gills were removed. All organs were preserved in a 10% formalin solution, as described by Troyer (1980). Before preservation, samples were dehydrated in ethanol, cleaned in xylene, and then soaked with wax. Sections (5µm thick) were cut using automatic microtome (Leica RM 2255). Tissue samples were stained with hematoxylin, eosin, and PAS stains following the method of Joseph et al. (2006). Slides of all tissues were examined and photographed using a camera fitted microscope (Leica, Japan).

			Statistical analysis

			Statistical analysis and graphical representations were performed on GraphPad Prism (V 9.5.1) software. Significant difference between the means of control and experimental groups was determined by one-way ANOVA test by applying Dunnett multiple comparison test. Asterisks represent different significant levels, * = p<0.05, ** = p<0.01, *** = p<0.001.

			Results

			Oxidative damage and antioxidant enzymes

			In current study, oxidative stress content and antioxidant enzymes levels in liver, gills and kidney were observed (Figs. 1, 2 and 3). Current results showed a significant rise in TBARS and ROS content in kidney, liver and gills of L. rohita exposed with 800 µg/L and 1600 µg/L BPA as compared with the group A. No significant rise was observed in TBARS and ROS contents between the control group and group B (400 µg/L). A significant decrease was observed in POD, GSH, SOD, and CAT activities in the kidney, liver and gills of L. rohita exposed with 800 µg/L and 1600 µg/L BPA as compared with control group. No significant decrease was observed in POD, GSH, SOD and CAT activities in all examined tissues between the control group and group B (400 µg/L).
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			Fig. 1. Effect of sub-lethal doses of BPA on the level of (A) ROS, (B) TBARS, (C) GSH, (D) SOD, (E) CAT and (F) POD in liver tissues of L. rohita. Results are shown as mean ± SD.

			* = p<0.05, ** = p<0.01, *** = p<0.001
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			Fig. 2. Effect of sub-lethal doses of BPA on the level of (A) ROS, (B) TBARS, (C) GSH, (D) SOD, (E) CAT and (F) POD in gills of L. rohita. Results are shown as mean ± SD. * = p<0.05, ** = p<0.01, *** = p<0.001
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			Fig. 3. Effect of sub-lethal doses of BPA on the level of (A) ROS, (B) TBARS, (C) GSH, (D) SOD, (E) CAT and (F) POD in kidney of L. rohita. Results are shown as mean ± SD. * = p<0.05, ** = p<0.01, *** = p<0.001
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			Fig. 4. Effect of BPA on histological structure of gills of Labeo rohita (a) showing normal gill filament arrangement including primary lamellae and secondary lamellae. (b), (c) and (d) showing variations in gill tissues as cell damage (orange arrow), edema (red arrow), rupturing of gill lamellae (yellow arrow), necrotic cells (black arrow).

			Histology

			Histological alterations in soft tissues (kidney, liver and gills) of BPA exposed L. rohita were observed (Figs. 4-6). No alterations were observed in gills, kidney and liver of control fish. The effects of the dose-dependent treatment included necrosis, pyknotic nuclei formation, sinusoidal spaces, cluster nuclei, dilated renal tubules, edema, and the rupturing of gill filaments in fish of group B, C and D. The results of histological investigation of gill sections, which revealed cell necrosis, swelling (edema), and moderate to severe rupturing of gill filaments, including primary and secondary gill lamellae as shown in Figure 4. In the tissue histology of the liver depicted in Figure 5, pyknotic nuclei formation, sinusoidal spaces, cell necrosis and cluster nuclei formation were observed. Fish exposed to BPA had kidney tissue sections with altered histology that revealed dilated or elongated renal tubules, cluster nuclei development, sinusoidal gaps, and cell swelling (edema) (Fig. 6).
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			Fig. 5. Effect of BPA on histological structure of liver of Labeo rohita as (a) showing normal arrangement of hepatic cells in the control. (b), (c) and (d) showing necrosis (black arrow), pyknotic nuclei (red arrow), cluster nuclei formation (yellow arrow) and sinusoidal spaces (orange arrow).
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			Fig. 6. Effect of BPA on histological structure of kidney of Labeo rohita tissues as (a) showing normal arrangement of renal cells. (b), (c) and (d) showing variations, such as edema (red arrow), dilated renal tubules (orange arrow), cluster nuclei formation (red arrow), and sinusoidal spaces (yellow arrow).
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			Fig. 7. Genotoxic potential of BPA in erythrocytes. photographs of comet assay showing (a) normal cell. (b), (c) and (d) showing nuclear material damage. (e) olive tail moment and (f) % DNA damage. * = p<0.05, ** = p<0.01, *** = p<0.001

			Genotoxic examination

			A comet test was used under alkaline conditions to measure DNA damage in erythrocytes of fish after exposure to BPA (Fig. 7). BPA exposure increased DNA damage concentration dependently compared to unexposed group. A highly significant rise was observed in % DNA damage at a high dose of BPA (1600 g/L). A significant change was observed throughout the increase in BPA doses from A (0 µg/L), B (400 µg/L), C (800 µg/L), and D (1600 µg/L). It was noticed that the olive tail moment reached its maximum level as the dosage of BPA increased. A significant change was observed between unexposed group and BPA exposed groups.

			Discussion

			In toxicological studies, exposing organisms to specific dosages at different acute or sublethal concentrations helps to better understand the hazardous levels of chemicals, including bisphenol A. The extent to which environmental contaminants harm aquatic life is crucial (Lemly, 2002). Pollutants may harm fish fauna via physiological, biochemical and histological alterations (Andújar et al., 2019). Over the last few decades, there has been a worldwide rise in efforts to monitor and record the impacts of toxins such as pesticides, environmental stressors and industrial effluents. Many pollutants from different kinds of sources readily and instantly enter water bodies. Therefore, aquatic organisms are more vulnerable to damage than terrestrial animals (Verma et al., 2018). Many of these synthetic substances, such as bisphenol A, are endocrine disruptors that damage fish tissues (gills, heart, kidney and liver) (Wang et al., 2019). Therefore, to minimize the public health concerns associated with bisphenol A, it is important to conduct ongoing monitoring and evaluation of its toxicological impacts at low levels.

			Investigation of activities of some important antioxidant enzymes (POD, GSH, CAT and SOD) and oxidative content such as ROS are important biomarkers for inflammatory responses and suitable tools to determine the harmful effects of environmental pollutants and protect tissues from damage triggered by free oxide (O¯) radicals (Meli et al., 2020). In the current investigation, significant increase in TBARS and ROS contents were observed in the kidney, liver and gills of the BPA exposed fish. A higher level of oxidative stress content may be due to the imbalance and reduction of antioxidant enzymes (Zhang et al., 2022). Previous research showed that the same results were reported in other fishes such as common carp (Afzal et al., 2022) and Aristicthys nobilis (Akram et al., 2021). Various organisms exposed to different toxicants including BPA showed increased ROS content due to detoxification processes. BPA may affect oxidative homeostasis directly or indirectly by elevating lipid peroxidation and hydrogen peroxide while decreasing antioxidant enzymes, triggering mitochondrial malfunction, altering cell signaling pathways, and causing apoptosis in vital organs of the body (Tavakkoli et al., 2020). Increased formation of ROS is associated with peroxidation of lipids, which in turn disrupts cell membranes and increases TBARS synthesis (Maradonna et al., 2014). BPA increases lipid peroxidation and decreases antioxidant enzyme production in target organisms. In the current experimental study, a significant reduction was observed in levels of antioxidant enzymes including SOD, POD, GSH, and CAT in kidney, liver and gills of BPA exposed fish. Our results are supported by previous literature reported by Afzal et al. (2022). In the current study, low levels of antioxidant enzymes in different organs could be due to the excessive formation of free radicals caused by BPA exposure, leading to abnormal functioning and disturbing the antioxidant mechanism. There is a decline in the activity of antioxidant enzymes, which is related to tissue dysfunction and the increased consumption of energy to deal with oxidative stresses (Braz-Mota et al., 2015).

			The histological examination is an excellent biomarker to observe the impact of different environmental stressors on aquatic and terrestrial animals (Khoshnood et al., 2010; Mahmood et al., 2023). Gills are an excellent biomonitoring organ for evaluating the impacts of pollutants in aquatic environments due to their high absorption rate and direct interaction with water. It is essential organ for regulating ions and respiration (Vigliano et al., 2006). According to the current study, histological changes in gill tissues, as rupturing of primary and secondary gill lamellae, cell swelling, as well as necrosis were observed in BPA treated groups. No changes were observed in BPA free group. Previously reported the same findings on gill changes in fish exposed to BPA (Jabeen et al., 2021). Similar observations were reported on Catla catla and Cyprinus carpio (Faheem et al., 2016). The liver of fish serves as the primary organ responsible for the process of detoxification of environmental pollutants, including bisphenol A. Therefore, alterations observed in the liver of aquatic organisms, such as fish, can serve as excellent indicator of aquatic pollution (Moon et al., 2012). In this study, L. rohita exposed to bisphenol A showed moderate to severe changes in liver, including pyknotic nuclei formation, cluster nuclei formation, cell necrosis and sinusoidal spaces, while no changes were seen in control fish. Changes in liver tissues with sinusoidal spaces and cluster nuclei formation are due to the destruction of structural proteins. The hepatic vein and hepatic artery are responsible for supplying blood to the dorsal aorta. However, the presence of obstruction in the hepatic vein may block the flow of blood. The blockage of the hepatic vein may lead to cell damage and necrosis. Similar changes were also described by Faheem et al. (2016). Same changes were reported in the liver tissues of Oreochromus spilurus after BPA exposure (Abdulla Bin-Dohaish, 2012). The kidneys of fish are the primary osmoregulatory and hematopoietic organs. Histological changes in kidney tissues can serve as an indication of environmental contamination (Cengiz, 2006). Histological examination showed alterations in the kidneys of L. rohita after exposure to BPA, such as dilated and elongated renal tubules, cluster nuclei formation, sinusoidal spaces, and cell swelling (edema). Faheem et al. (2016) reported the same findings in fish exposed to BPA.

			Genotoxic examination via comet assay is a reliable, suitable and extensively used method to measure DNA damage in various cells of aquatic and terrestrial animals (Ghaffar et al., 2021). According to current study, results showed significant rise in % DNA damage in blood erythrocytes of L. rohita under alkaline conditions. Akram et al. (2021) reported the same findings in fish exposed to BPA, describing the genotoxic potential of BPA in bighead carp and zebrafish (Lombó et al., 2019). In this investigation, a significant rise in olive tail moment (OTM) was observed in erythrocytes of exposed fish. The basic molecular and cellular pathways of the genotoxic potential of PBA are still unknown. However, the genotoxicity caused by BPA has been primarily related to oxidative damage and lipids peroxidation which may directly induce DNA changes (Gassman, 2017).

			Conclusion

			The current study concluded that bisphenol A causes lethal effects on erythrocytes and different important tissues of Labeo rohita. Histological examination showed different degenerative effects in the soft tissues of the kidney, liver and gills of fish after BPA exposure. Bisphenol A also causes genotoxic alterations in erythrocytes of L. rohita. Furthermore, bisphenol A causes oxidative damage by increasing ROS content and TBARS level and decreasing the amount of antioxidant enzymes (peroxidase, catalase, reduced glutathione, and superoxide dismutase) in the kidney, liver and gills of L. rohita in a dose dependent way.
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ABSTRACT

Bisphenol A (BPA) is an aquatic contaminant, exerting adverse effects on aquatic organisms especially fish.
Therefore, current research was conducted to assess the deleterious effects of bisphenol A on antioxidant
system, oxidative stress content, genotoxicity and histological alterations in Labeo rohita. Four fish groups
(A-D) were setup. Group A was control and groups B—D were exposed to three different amounts of BPA
for twenty-one days. Results showed significant increase in oxidative stress content such as TBARS
(thiobarbituric acid reactive substance) and ROS (reactive oxygen species) and decreased antioxidant
enzymes such as POD (peroxidase), GSH (reduced glutathione), SOD (superoxidase dismutase) and CAT
(catalase) in exposed fish. Comet assay showed DNA damage in erythrocytes. Histological examination
revealed that BPA causes various degenerative effect in soft tissues of liver, kidney and gills of L. rohita.
The current investigation concluded that bisphenol A induces harmful effects by disrupting the physiology
of some important organs and histological alteration in various tissues of exposed fish.
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INTRODUCTION

Bisphenol A (BPA) is an environmental stressor and is
a plastic making chemical that has been extensively
used to make different kinds of plastic materials
(Stefan-van Staden ef al., 2014). People of all ages are
continuously exposed to BPA because of its widespread
use in the synthesis of plastic beverage and food products
and food can coatings (Eid ef al., 2015). It is one of the
world’s most manufactured compounds due to rising
plastic product demand. BPA is a toxic compound and a
number of studies concerning its toxicological effects on
vertebrates and invertebrates have been reported (Almeida
et al., 2018). Therefore, the use of BPA in manufacturing
different kinds of materials has now been banned in many
developed countries (Moreman ef a/., 2017). Because of
this, several functional analogues of BPA have introduced
the market across the world but it is still the most widely
used chemical in developing countries (Eladak er al.,
2015). BPA was found in more than 90% of urine samples
from humans, indicating widespread exposure. The liver
quickly conjugates and excretes it in the urine (Vandenberg
et al., 2010). Numerous adverse effects including a rise in
body weight, accumulation of lipids in different tissues,

Genotoxicity
leptin variations, alterations in estradiol and osteocalcin
levels, as well as pancreatic functioning were reported.
It also causes diabetes, cardiovascular abnormalities, and
liver enzyme variations (Eid er al., 2015). BPA poses a
potential threat to humans and other animals, especially
aquatic organisms. Urban sewage, discharge from the
petrochemical industries, and leachate from landfills are
all potential sources of BPA exposure (Tsai, 2006). The
amount of BPA in water samples has been found to be
between 4.4 and 8000 ng/L in Europe, Asia and North
America (Xu et al., 2018). So, it is problematic for aquatic
animals to escape the toxic effects of BPA. Among all
aquatic animals, fish are extremely susceptible to various
kinds of pollutants, including bisphenol A, which enters
the body through various absorbing sites such as gills, skin,
and the oral cavity and gets accumulated into different
body organs, especially the liver, kidney, and gills, causing
disruption in biochemical and physiological processes
(Mantecca ef al., 2006). Because of the hazardous
effects of BPA on aquatic life including fish, it has been
widely used in recent years for testing aquatic toxicity.
Fish are frequently used as biological markers to assess
the condition of aquatic environments because of their
biological responses. Earlier studies about the sublethal
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