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Gill, liver, Kidney histopathological changes in Rohu (Labeo rohita) fingerlings reared in filtered and wastewater of RO
 (Reverse Osmosis) system 

Abstract: The present study was designed to analyze the histopathological effect of Reverse Osmosis (RO) filtered and wastewater of water purifier in fish gill, liver and kidney. In the present investigation, Rohu, L. rohita was reared for 45 days in three types of water namely- Ground water (Control), RO filtered water and RO wastewater and analyzed the effect of above treatment in histopathology (gill, liver and kidney). The result revealed that the histological appearance such as primary gill lamellae, secondary gill lamellae and Cartilaginous cell (CC) of gill was not normal as compared to control. The histopathological effect in liver (hepatocyte and sinusoid) showed normal in control as compared to RO and wastewater, in the kidney (glomerulus structure, density of hematopoietic tissue, renal tubule such as proximal tubules and distal tubules) was showed normal as compared to RO water and RO Wastewater that was appeared as shrunken and degeneration of renal tubule etc. These results conclude that the wastewater and RO filtered water may not be suitable for fish culture as compared to ground water. 	Comment by User: Add the fundamental problem of this study to the beginning of the abstract. State the number of samples used in this study.
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1. Introduction 	Comment by User: Include the fundamental and general issues of this study in the introduction.
	Fishes have ability to adapt changes in water quality (Poikilothermic). India is the second-largest producer in the world in the terms of total fisheries and aquaculture production. According to FAO, 2022 the year wise (2010, 2015 and 2020) production of Labeo rohita was 1.13, 1.78 and 2.48 million tonnes respectively. Carps and other freshwater fish make up the majority of aquaculture production, which provides about 88 per cent of farmed fish (FAO, 2022). Fish health can therefore serve as a good indicator of the water quality of the aquatic ecosystem (Fazio, 2019). 
	 Histopathological examination of fishes is widely acknowledged as a trustworthy technique for illness diagnosis and for evaluating the acute and long-term effects of toxicant exposure at the cellular level (Hinton et al., 2018). According to Asenuga et al. (2022) Histopathology is a useful tool for identifying and localizing the toxic effects of chemicals, however, these are typically not specific effects to the given class of substances or individual substances. Only a few researches have been done on the histopathological effects of sewage treatment work effluent in freshwater fish (Burkhardt-Holm et al., 1997). Histological markers are frequently utilized in fish health studies because they can find out information on the long-term and sub-lethal effects of xenobiotic compounds on organs as well as the level of stress. As reliable indicators of altered and polluted environments, they are frequently utilized in research on polluted aquatic ecosystems. The most often utilized histological indicators are gills, liver, kidney and skin for understanding fish health status (Raskovic et al., 2013). More contaminated water brings more histopathological changes in L. rohita (Sultana et al., 2016). 
	In fishes, gills are the main organ for regulating osmotic pressure, excretion, and breathing. Gills in fishes are located likewise side of the head or inside a gill-covering operculum and are made up of finger-like filaments that are linked to a cartilaginous gill bar. The lamellae, which protrude from each filament are composed of numerous, delicate structures resembling leaves, each of which contains a minuscule number of capillaries and a thin larger of respiratory epithelium (Winkaler et al., 2001). According to Fanta et al. (2003), gills are commonly recognized as a trustworthy biological marker of pollutant levels and thus are useful for assessing the effect on the environment. One of the first sign of ionic toxicity is respiratory distress. Since they serve as models for research on their environmental impact, gills are typically thought regarded as a good indicator of water quality. According to Velmurugan (2007) gills are the main point of entry for any pollutants.
	Liver is the largest organ outside the gastrointestinal tract. The fish liver serves a variety of purposes, including cleansing, the vitellogenin creation, in addition to the storage and macronutrients (Carbohydrates, Proteins and Fats) digestion. Nutrients, contaminants, poisons, pathogens and microbes are only a few various biotic and abiotic factors that might affect the structure and metabolism of the fish liver. The liver is split into lobes in body cavity of the majority of teleost fish, and they are reddish-brown (Brusle and Anadon, 1996). In field and experimental research, analyzing histopathological changes in the fish liver is a very precise and reliable method of determining the effects of xenobiotic substances. 
	The kidney of fish is a complex collection of tissues made up of four visually and functionally diverse structures that make up the endocrine, reticuloendothelial, haematological and digestive systems. Among the first organs to be impacted by water pollutants is the teleostean kidney (Thophon et al., 2003). The fish kidney has many functions like-urine production and filtering of a large quantity of blood, it is the major route of excretion for various xenobiotics (Blazer, 2000). The majority of post-branchial blood is received by the kidney and therefore renal lesions might be good indicators of environmental pollution. In freshwater teleost fish, the kidney's fundamental role is to remove much of the water entering through the gills. The blood-forming (haematopoietic) tissue of teleosts is found in the body's kidney intertubular and the head kidney lymphoid tissue (Takashima and Hibiya, 1995). The anterior portion of the kidney of teleosts, called the head kidney, is made up of lymphoid tissue and almost entirely consists of immature and mature blood cells. It also has very few tubules (Genten et al., 2009). The haematopoietic tissues are surrounding the renal corpuscles and tubules (nephrons) in the posterior kidney (Van Dyk, 2006). The massive glomerulus and encircling bowman's capsules make up the renal corpuscle.
	Histopathological procedures are quick and practical, approaches for evaluating the stress response to xenobiotics. Changes in cytology and histopathology offer a clear record of the impacts of stress. Stress-induced persistent or irreversible biochemical and sub-cellular malfunction results in cell damage. Stressed cells frequently go through permanent structural and metabolic changes, which alter the animal's physiology. Even when the toxicant exposure has stopped, several histological alterations continue to exist. The current study's objective was to evaluate the severity of histopathological changes in the liver, gill, and kidneys following exposure to filter and wastewater from a reverse osmosis (RO) system. The liver was chosen for the investigation because it is a key organ in the metabolism and excretion of xenobiotics. The primary respiration system of fish, the gills are the target for numerous aquatic contaminants and one of the organs most severely impacted due to their proximity to the aquatic environment. This is why the study concentrated on gills. The gills have been extensively employed as a bio-indicator not only to identify ion toxicity but also for studies of many other contaminants (Parashar and Banarjee, 2002). As the essential organ for detoxification and elimination of hazardous compounds circulating in the bloodstream, the kidney was also decided for the study (Klavercamp et al., 1984).  
	L. rohita (Rohu) were selected as the experimental fish in the present study due to its rapid growth, high sustainability, tolerance at high stocking density and survival ability in oxygen-depleted water. Therefore, an economically important fish species, L. rohita were chosen for present study which constitutes about 35% of total Indian major carps (IMCs) production in India. The study aimed to evaluate the histopathological effects of RO filtered and wastewater in the gill, liver and kidney of L. rohita fingerlings. 
2. Materials and methods
2.1 Fish collection 
	L. rohita fingerlings collected from Baba Matasya Hatchery, Mutlupur, Bandra, Muzaffarpur, Bihar located at 26o01’31oN and 85o36’40oE. A total of 300 fishes were caught from nursery pond by drag net. The average body weight 6.0 ± 2.0 gm and average length was 9.0 ± 2.0 cm. Fishes were transported to Hatchery complex of College of Fisheries, Dholi, Dr. Rajendra Prasad Central Agriculture University, Pusa, Samastipur, Bihar, in aerated large plastic bags. The geographical location of College of Fisheries, Dholi is situated at 25.990 Latitude, 85.590 longitudes, with an elevation of 54.51±32 m and accuracy 4.9 m. The transported fishes were treated with KMnO4, before treating fish, plastic bags were kept in tanks for temperature acclimatization, then allowed to acclimatize for 5 days in the disinfected cemented tanks, filled with tap water. The fish were monitored every day. No, any symptoms of illness were observed during the study period. Before setting the trial, signs of sickness and infection were looked for (Obiekezie, 1988), and only healthy fishes were thought to be suitable for the experiment.	Comment by User: Record the weight of the sample and state whether it is uniform.
2.2 Experimental design
The experiment i.e. consists of three groups, each group have four replicates T1 control group (groundwater), T2 (RO filtered water) and T3 (RO waste water), 12 plastic rectangular tanks of 150 L capacity were arranged to meet four replicates for each treatment i.e. 3T x 4R = 12 and each replicate had 20 fingerlings of Rohu (Labeo rohita), tanks covered with perforated lids. The histopathological analysis of liver, kidney and gill were done at every 15th day (0-day, 15th day, 30th day, and 45th day). RO water and RO wastewater were collected from commercial water purifier, certified company named Aemric, an ISO 9001: 2008. During experiment, the physico-chemical parameters of water in experimental tanks - Temperature, pH, dissolve oxygen, alkalinity and free carbon dioxide, ammonia, nitrite and total hardness, were assessed.
[bookmark: _Toc81341513]		Histological sections of liver, kidney and gill tissues were aseptically removed and put in Davidson’s alcohol formalin acetic acid fixative. The following steps were performed to get the tissues slides (Roberts, 2012). The tissues were placed in the fixative of at least 20 times the volume of the tissues. The tissues were dehydrated in graded alcohol and blocks were prepared after impregnating with molten wax. The alcohol present in the tissues was cleared using three changes of xylene, paraffin wax was melted at 60oC overnight to ensure proper infiltration and blocking of the tissues. Blocks were prepared using the paper boats. Sections of 5μm thickness were cut by using the semi-automatic rotary microtome (Omega-India) and the ribbons were made and expanded in warm water (maintained at 45℃) to spread evenly. For staining, the stains used were Harris Alum Hematoxylin and Eosin yellowish. Then the slides were observed under microscope (Olympus Corporation, Model No.-CX31RTSF) for assessing changes at the tissue level.
3. Results & Discussion	Comment by User: Present the results obtained for each treatment (T1, T2, and T3) by listing the variables and their corresponding observations to make it easier for readers to understand your work.
3.1 Histopathological observation of L. rohita fingerlings
3.1.1. Gill Histology
	The control group showed a normal structure of gills showing normal primary gill lamella (PGL) and secondary gill lamella (SGL) with normal cartilaginous cells (CC). The fishes reared in RO water for 15 days showing knob-like swelling in primary gill lamella (PGL) and showing little swelling in cartilaginous cells (CC) and showing fusion of PGL. The fishes reared in RO water for 30 days de-generated Secondary Gill Lamella (SGL) and Cartilaginous Cell (CC) and dilation of primary and secondary gill lamellae, loss of architecture and severe disorganization were identified including knob like structure at the end of gill lamella. The fish reared in RO water for 45 days degenerated Secondary Gill Lamella (SGL) and enlarged Cartilaginous Cells (CC). The dilation of primary and secondary gill lamellae, loss of architecture and clubbing of gill lamella were recorded and knob-like structures at the end of gill lamella are very prominent.
The fish reared in wastewater for 15 and 30 days have degenerated PGL and SGL that is well documented and is seen very clearly and the cartilaginous cells were disorganized. The dilation of primary and secondary gill lamellae, loss of architecture of gill lamella was recorded. The control group showed a normal structure of gills having normal PGL and the SGL, however it was normal cartilaginous cells. Fishes reared in wastewater for 45 days, degenerated PGL and SGL were well documented and seen very clearly and the cartilaginous cells were enlarged and disorganized. The clubbing of primary and secondary gill lamellae, loss of architecture of PGL was recorded.
[image: C:\Users\Lenovo\Desktop\RO WATER GILL.tif]
Fig-1. Microscopic photographs of histopathological lesions in gill of fish reared in RO water. (a) 0 day gill with normal structure of PGL (Primary Gill Lamellae), SGL (Secondary Gill Lamellae), CC (Cartilaginous Cell) (b) 15 days gill with SPL (Swelling in primary Gill Lamellae), SCC (Swelling of Cartilaginous Cell), FSGL (Fusion of Secondary Gill Lamellae) (c) 30 days gill with KPGL (Knob like structure of Primary Gill Lamellae) (d) 45 days gill  (clubbing of gill lamellae) and ECC (Enlargement of Cartilaginous Cells). (Magnification: a, c =10x and b, d = 40)

	
Fig-2. Microscopic photographs of histopathological lesions in gill of fishes reared in RO waste water. (e) 0 day gill with normal structure of PGL (Primary Gill Lamellae), SGL (Secondary Gill Lamellae), CC (Cartilaginous Cell) (f) 15 days gill with DPGL & SGL (Degeneration of Primary Gill Lamellae & Secondary Gill Lamellae), DCC (Degeneration of Cartilaginous Cell), FL (Fusion of Lamellae) (g) 30 days gill showed same structure as 15 days (h) 45 days gill FL (Fusion of gill Lamellae) and ECC (Enlargement of Cartilaginous Cells), LA (Loss of Architecture). (Magnification: e =10x and f, g, h = 40x).

4.2.2. Liver Histology 
	The H/E (Hematoxylin/Eosin) sections of liver of control fish showed normal architecture of liver tissue with hepatocytes arranged in a cord-like fashion. The sinusoidal spaces were normal in appearance. Sinusoids were seen emerging from the blood sinuses and containing blood cells and Kupffer's cells. The hepatocytes were normal with polygonal shape, abundant eosinophilic cytoplasm and dark basophilic centrally rounded vesicular nucleus. There was no sign of any kind of necrosis or inflammation in fishes reared in RO water for 15, 30 and 45 days. Liver tissue of fish also showed almost normal appearance of hepatic parenchymal cells with little features of degeneration and prominence of dense nuclei marginating towards sinusoids. No necrosis of any kind and sinusoidal spaces was seen. The fishes reared in wastewater for 15 and 30 days showed degeneration of liver parenchyma with small fat globules. Nuclei are pushed towards sinusoids and exhibited necrotized condensation of chromatin. The fish liver also showed normal architecture of liver tissue except pyknosis of hepatocyte nuclei at many places and few necrotic patches of parenchymal cells. The sections of liver of ground water reared fishes showed normal architecture of liver tissue with hepatocytes. The sinusoidal spaces were normal in appearance. Sinusoids were seen emerging from the blood sinuses. The hepatocytes were normal with polygonal shape, abundant eosinophilic cytoplasm and dark basophilic centrally rounded nucleus. The sections of liver of 45 days waste water reared fish showed normal architecture of liver tissue with hepatocytes. The sinusoidal spaces appeared normal. Liver tissue of fish also showed almost normal appearance of hepatic parenchymal cells with little features of degeneration and prominence of dense nuclei towards sinusoids.


Fig-3. Microscopic photographs of liver of fishes reared in RO water. (i) 0 day liver with normal architecture and normal Hepatic Cell (HC), (ii) 15 days liver showed no necrosis and with normal Sinusoids (S) (iii) 30 days liver showed same structure as 15 days (iv) 45 days liver showed normal appearance and had Vacuolation (V). (Magnification: i =10x and ii, iii, iv = 40x).
	

Fig-4. Microscopic photographs of liver of fishes reared in RO waste water. (v) 0 day liver with normal architecture and normal hepatic cell (vi) 15 days liver showed signed of Pyknosis (P) (vii) 30 days liver showed signs of pyknosis and Necrosis (N) (viii) 45 days liver showed normal sinusoid with dense nuclei towards them (Magnification: v =10x and vi, vii, viii = 40x)
4.2.3. Kidney Histology
	The kidneys of control fishes showed normal Glomerulus (G) and Tubule (T) and no marked histological changes have been noticed in the kidney of the specimens. In 15 days RO water reared fishes, the kidney showed noted shrunken Glomerulus (G) and vacuolated blood cells in the glomerular tuft. The 30 days reared fishes in RO water, the kidney showed no dilation of the lumina of renal tubules. The renal tubules are seen to be fragmented out and suffer necrosis at this stage. The 45 days reared fishes in RO water, the kidney showed noted shrunken. Glomerulus (G) and vacuolated blood cells and large spaces created in the matrix tissue. 
	In the 15- and 30-days reared fishes in RO waste water, the kidney showed noted shrunken Glomerulus (G) and vacuolated blood cells in the glomerular tuft and large spaces created in the matrix tissue. The dilation of the lumina of the kidney tubules and renal tubules are seen to be fragmented out and suffer necrosis. The 45 days reared fishes in RO waste water, the kidney showed noted shrunken Glomerulus (G) and vacuolated blood cells in the glomerular tuft, and large spaced created in the matrix tissue and generated tissue seen. The dilation of the lumina of the kidney tubules and necrosis of tubules are observed in the present investigation. Renal tubules are seen to be fragmented out and suffer necrosis at this stage. 

Fig-5. Microscopic photographs of histopathological lesions in RO water reared fish’s kidney (A) 0 day kidney with normal structure of glomerulus and Renal Tubules (RT) (B) 15 days kidney showed shrunken Glomerular structure (G) (C) 30 days kidney showed no dilation of the lumina of Renal Tubules (RT) (D) 45 days kidney showed noted Degenration of Glomeruli (DG) and vacuolated blood cells. (Magnification: A, B, C, D = 40x)
	 


Fig-6. Microscopic photographs of histopathological lesions in RO waste water reared fish’s kidney (E) 0 day kidney with normal structure of glomerulus and Renal Tubules (RT) (F) 15 days kidney showed shrunken Glomerular structure (G) and Renal Tubules (RT) (G) 30 days kidney showed no dilation of the lumina of Renal Tubules (RT) and Bowman’s Space (BS) (H) 45 days kidney showed noted Shrunken and Degenerated Glomerulus (SDG) and vacuolated blood cells. (Magnification: E, F, G, H = 40x).

		According to Nero et al. (2006) the fishes were exposed to oil-sands process affected water which contain naphthenic acids, ions, and polycyclic aromatic hydrocarbons and found similar histopathological changes in gill such as clubbing and fusion of SGL (secondary gill lamellae) due to proliferation of the epithelial cell at base an tip of SGL. According to Bernet et al. (2004) the histological changes in the gill of the brown trout reared in treated sewage mixed with river water showed hypertrophy and hyperplasia of epithelial cells with alterations in them, Dua and Kaur (2014) witnessed similar findings during the rearing of Channa punctatus in wastewater from industrial drains and household sewages. Upon the histopathlogical analysis of the test specimens from 15th and 30th day the liver tissues had signs of single cell necrosis, pyknotic nuclei and dilation of hepatic sinusoids in the 15th day specimen. In the 30th day specimen, vacuolation and melano-macrophages were seen. There were also instances of necrotic hepatocyte and increase in number and size of Kupffer’s cell in the treated wastewater reared Brown trout (Bernet et al., 2004). The similar results was found by Nero et al. (2006) when fishes were exposed to oil-sands process affected water that contain naphthenic acids, ions, and polycyclic aromatic hydrocarbons and the histopathological changes were found in liver such as a mild vacuolation of hepatocyte, lymphocytes and macrophages. Kaur and Dua (2014) found some histological alterations in the wastewater reared Channa punctatus. The 15th‑ day specimens showed damaged tubules and Bowman’s capsule’s space extension. The 30th day specimen had glomerular contraction with the cell of tubular lumen witnessing hypertrophy. There was also occurrence of pyknotic nuclei in the hematopoietic tissue. According to Bernet et al. (2004) the Brown trout reared in treated wastewater had deposits in tubules and interstitial tissue, thickening of Bowman’s capsule and proliferation in tubules.
5. Conclusion 
		The histopathological analysis for various treatment were carried out and it showed that the gill tissue of fishes that were reared in RO water showed a knob like structure at the end of gill lamella but the fishes that were reared in waste water showed the cartilaginous cell to be disorganized and there was clubbing of primary and secondary gill lamellae and there was loss of architecture of PGL and SGL. The histopathological effect in liver (hepatocyte and sinusoid) showed normal in control as compared to RO water and waste water. The glomerulus structure, density of haematopoitic tissue, renal tubule such as proximal tubules and distal tubules were found to be normal as compared to RO water and in case of waste water the same structures appeared as shrunken and degeneration of renal tubule was seen.
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