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			Abstract | This study was focused on fish health assessment in relation to sex and season via haematological variations and serum biochemical constituents of Labeo rohita from Kotri Barrage near Jamshoro, Sindh, Pakistan. Fish samples (100 specimens for each sex) were collected during two seasons i.e., summer: March to May, 2017 and winter: November, 2017 to January, 2018. Haematological characteristics of the fish specimens were considered season and sex wise separately. Results showed that erythrocytes (2.09 × 106 to 2.26 × 106), leucocytes (164.90 × 103 to145.55 × 103) and haemoglobin (10.34 g/100 ml to 7.06 g/100 ml) concentration were significantly higher in male fish during summer and winter than that of female. In female fish, erythrocyte sedimentation rate (ESR) in summer and winter season was found higher (7.3 mm/h to 2.56 mm/h). Thrombocytes, neutrophils, lymphocytes, eosinophil and monocytes did not show any significant difference in their counts of male and female fish during summer and winter season. Important serum constituents like protein, cholesterol and glucose were also assessed and it was reported that serum glucose was found more in male than female fish, while in male protein and cholesterol were high in female in summer. In winter season, female fish showed low level of cholesterol, though protein and glucose remained high. Based on the serum biochemical constituent data, it was concluded that male L. rohita were healthier than the female fish in terms of blood parameters.
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			Introduction 

			Fish imitate to situation of water quality and pollution since they existed at the lowest level of food chain of aquatic bodies. They can obtain and retain chemicals like heavy metals and pesticides through submissive phenomena so pollutant in their environment can be identified. Fish consume greater amount of algae, phytoplankton and different aquatic plant infected with pesticide, which consequently lead these chemicals to gradually accumulate in tissues and organs of fish. Metabolism can regulate little amount of these chemicals while remaining one get bio-accumulated in the organs and organs system of fish. Humen living near water bodies use water for decontamination and waste removal of society. Biological and physical processes affecting water quality cause water pollution leading to deleterious influences on health and composition of aquatic sources (Ambreen and Javed, 2018; Tahir et al., 2021). Enhanced amount of toxic substances and pollutants in fresh water have threatened numerous freshwater flora and fauna including fish. Likewise, it is detrimental for human health causing disorders and fourteen thousand deaths on daily basis (Reddy and Behera, 2006). Direct emission of domestic and industrial wastes into water bodies without any processing leads to water contamination. Various pollutants like heavy metals, pesticides, herbicides, radioactive matter and corrosive material are causing pollution of water bodies. Change in the physicochemical parameters of aquatic sources influence the metabolism and homeostasis of aquatic life and disturbance in food web consequently (Pisa et al., 2015; Tahir et al., 2021). 

			Haematological and serological parameters are significant for measurement of pathophysiological condition of fish. These parameters extensively used as indicators of infection or stress caused by contaminants because haematological profile exhibit the internal body situation before any prominent disease identification (Ali and Rani, 2009). Gills, skin or alimentary canal mainly absorbs different pollutants so they can diffuse into other organs and tissues ultimately affecting physiological and natural phenomena of fish (Banaee et al., 2008; Tahir et al., 2021). Gills are the most affected organs due to pollutants as these are entirely exposed organs to water. Entrance of toxicants in body is done through gills so consumption of oxygen increases. As a result, it is significant parameter to observe any toxic stress in aquatic environment (Panigrahi et al., 2014). Accumulation of surplus constituents into the aquatic sources may cause alterations in the physicochemical and biological features leading to the ecological disparity (Yadav et al., 2018a). Effluents containing pesticide and heavy metals contributed greatly to water pollution creating threat for aquatic life (Gbemi and Bemigho, 2009; Denson et al., 2003; Jenikins et al., 2003; Gupta and Mishra, 2012; Yadav et al., 2018b; Tahir et al., 2021). Occurrence of pesticides in water bodies caused by various ways but three important routes were assessed owing to which it found its significant way to aquatic systems (Kosygin et al. 2007; Sarkar et al., 2008; Tahir et al., 2021). These significant paths include water pathways, organic substrates like vascular hydrophytes, branches, mosses, algae, leaf litter and inorganic substrates comprising materials from sediments with different sizes (Murthy et al., 2013; Tahir et al., 2021).

			It is well known that haematological and serum biochemical changes are termed as pre-requisite to determine the health status of fish before and after stocking (Ghaffar et al., 2018, 2019). These changes may be due to seasonal stress, food deficiency and certain environmental factors that directly or indirectly affect the well-being of the fish (Narejo et al., 2001; Ghaffar et al., 2015a, 2016, 2018, 2019). The blood factors like counts of red and white cells, content of haemoglobin, rate of sedimentation of red cells and haematocrit could be deviated in sexes, duration of life and certain water factors (Ezzat et al., 1974; Fernandes, 2003; Kohanestani et al., 2013; Ghaffar et al., 2015b, 2018). The fish Labeo rohita locally known as (Rahu) from the cyprinidae family and order cypriniformes is usually found in variety of sweet water environments of this sub-continent (Rahman 1989; Ghaffar et al., 2015b, 2018). It is very tasty and extensively recognized fish of the area despite this no commencement to explore for determining its haematological and serum investigations from Kotri Barrage, Sindh, Pakistan. This fish has been prized for culturing in ponds on extensive scale.

			Few isolated reports on its haematology are available from elsewhere Bangladesh and India (Narejo et al., 2001). The present investigation was initiated to furnish some information regarding abundance and health status of this economically important fish, Labeo rohita that will be helpful for enhancing annual production in Kotri Barrage in summer and winter seasons, keeping in view that blood parameters play important role in understanding physiology of the fish (Ghaffar et al., 2018, 2019).

			 

			Materials and Methods

			Collection and preservation of blood

			Blood samples were collected monthly during summer (March to May, 2017) and winter (November, 2017 to January, 2018) from 100 specimens for each sex, having size ranged between 28.0 to 38.0 cm and 400 to 510 g from Kotri Barrage near Jamshoro, Sindh. The blood was obtained by piercing fish caudal vein by using pasteurized disposable syringe. Subsequently, blood was moved to a vial comprising an anticoagulant of 3.60 % sodium citrate (EDTA). For serum analysis, the blood stored without EDTA containing tubes for allowing the clot blood and separated serum by centrifuge machine at 350 rpm in the lab. 

			Determination of haematological factors

			For blood cell studies, the area of caudal fin was sterilized with swab of alcohol (70 %) to save from the contamination the pricking of needle was soaked with prior to collection of blood and also soaks the area of pricking of needle with alcohol (70%) swab. The neubauer’s double haemocytometer was used with Shaw’s fluids to determine counts of red and white blood cells. The Packed Cell Volume (PCV) and ESR were determined according to the methods suggested by Barnhart (1969). The blood sample tube was put in an extraordinary shelf in upright position for one hour and the ESR was explained through the estimation of distance which erythrocytes had residues from top of the tube and the outcome was communicated in mm/h. The blood sample tube was then rotated in haematocrit rotator at 3000 rpm for thirty minutes (Siddiqui and Naseem, 1979; Ghaffar et al., 2018). The hemoglobin percentage in blood was assessed by using Sahli’s haemocytomete. The erythrocyte counts, hemoglobin fixation and haematocrit values were determined as indicated by Daice and Lewis (1977). Differential cell checks were produced using the slight blood films arranged on glass slides following assortment of the blood tests, which were air dried, stained with Wright and Giemsa stain (Chinabut et al., 1991), washed in running faucet water and dried followed by mounting in Canada amber. The stained blood smears were subsequently examined by using microscope. An aggregate of 100 leucocytes were included under haematological varieties in L. rohita magnifying instrument at × 45 for each example and the rates of various kinds of leucocytes were properly determined.

			Analysis of serum constituents 

			Blood serum biochemical constituents like glucose, protein and cholesterol were carried out through the recommended methods (Fawcette and Scott, 1960; Henry, 1968; Annino, 1976; Ghaffar et al., 2015a, b, 2018, 2019). The analysis was done at PCSIR Laboratories Complex Karachi.

			Results and Discussion

			 

			Hematological research of fish has gained great significance because these factors were used as an effective and sensitive index for evaluation of physiological and pathological alteration caused by contamination of aquatic sources. Hematological parameters therefore considered as important tool for identifying performance status of an animal (Ali and Rani, 2009). Pesticides usually made relatively rapid alterations in hematological parameters of fish (Pisa et al., 2015; Rezania et al., 2018; Tahir et al., 2021). Therefore, haematologic index may be used efficiently for observing the health and retort of fish and aquatic organisms to different toxic constituents exhibiting environmental position of the territory (Pimpao et al., 2007). Rios et al. (2002) studied that blood parameters in fish got affected by features like gender, oldness, mass, propagative stage, health, seasonal dynamics, water temperature, feature of environmental, nutrition and stress (Hrubec et al., 2008).

			 

			In the present study, haematological parameters were investigated to assess the health of the fish collected from Kotri barrage, Sindh. All haematological parameters were found to be in normal range. Table 1 gives significantly different haematological limits and serum examination of male (M) and female (F) L. rohita. The leucocytes (M: 164.90±69.91×103) (F: 154.38±15.43×103), erythrocytes (M: 2.37±0.12×106) (F: 1.38±0.05×106), haemoglobin level (M: 10.3±4.50 g/100ml) (F: 7.7±1.05 g/100ml) and ESR (M: 1.3±3.0 mm/h) (F: 7.1±5.36 mm/h) showed that male specimens of the fish exhibited high counts of erythrocytes, leucocytes and hemoglobin as compared to those of the female fish in summer season. In addition, female L. rohita were had higher ESRs in summer days. Furthermore, It was also noted that the concentration of glucose in serum was higher in male specimens than females during summer season.

			The variation of these factors during winter was found to be non-significant among the sexes and as well as in serum analysis of L. rohita from Kotri Barrage, near Jamshoro (Table 2). 

			The blood smears showed that fishes remained healthy in summer and winter season as the nuclei in the blood cells were found in central position (Figures 1 and 2).

			Table 1: Total length, total weight, and haematological profile comprising serum biochemical constituents of male and female Labeo rohita during summer season from Kotri Barrage near Jamshoro, Sindh.

			
				
					
					
					
				
				
					
							
							Parameters 

						
							
							Male L. rohita 

						
							
							Female L. rohita

						
					

					
							
							Total length (cm)

						
							
							31.13 ± 2.59

						
							
							36. ± 11.27

						
					

					
							
							Total weight (gm)

						
							
							450 ± 1.04

						
							
							490 ± 1.02

						
					

					
							
							Hb (g/100 ml)

						
							
							10.34 ± 4.50

						
							
							7.68 ± 1.05

						
					

					
							
							ESR (mm/h)

						
							
							1.31 ± 3.0

						
							
							7.13 ± 5.35

						
					

					
							
							TEC (x106)

						
							
							2.37 ± 0.12

						
							
							1.38 ± 0.05

						
					

					
							
							TLC (x103)

						
							
							164.90 ± 69.91

						
							
							154.38±15.43

						
					

					
							
							PCV %

						
							
							24.07 ± 7.97

						
							
							21.78 ± 2.59

						
					

					
							
							MCV (µm) 

						
							
							123.29 ± 28.47

						
							
							121 ± 28.47

						
					

					
							
							MCHC %

						
							
							40.73 ± 20.99

						
							
							45.23 ± 8.32

						
					

					
							
							Differential count %

						
					

					
							
							Thrombocytes 

						
							
							29.10 ± 10.90

						
							
							30.20 ± 4.80

						
					

					
							
							Neutrophils

						
							
							2.00 ± 0.50

						
							
							1.50 ± 0.50

						
					

					
							
							Lymphocytes

						
							
							66.20 ± 8.80

						
							
							65.50 ± 8.50

						
					

					
							
							Eosinophil

						
							
							1.50 ± 0.50

						
							
							1.55 ± 0.45

						
					

					
							
							Monocytes

						
							
							1.20 ± 0.60

						
							
							1.25 ± 0.75

						
					

					
							
							Serum analysis

						
					

					
							
							Glucose mg/dl

						
							
							205.15 ± 0.85

						
							
							203.85 ± 0.15

						
					

					
							
							Protein mg/dl

						
							
							10.47± 0.53

						
							
							10.74 ± 0.26

						
					

					
							
							Cholesterol mg/dl

						
							
							126.50 ± 1.50

						
							
							125.35 ± 0.65

						
					

				
			

			Values are the mean of four samples with standard deviation ±SD.

			Table 2: Total length, total weight, and haematological profile comprising serum biochemical constituents of male and female Labeo rohita during winter season from Kotri Barrage near Jamshoro, Sindh.

			
				
					
					
					
				
				
					
							
							Parameters 

						
							
							Male L. rohita 

						
							
							Female L. rohita

						
					

					
							
							Total length (cm)

						
							
							 35.5 ± 2.50 

						
							
							 39.3 ± 1.70 

						
					

					
							
							Total weight (gm)

						
							
							500.0 ± 10.0 

						
							
							560.8 ± 20.20 

						
					

					
							
							Hb (g/100 ml)

						
							
							7.07 ± 1.62

						
							
							6.82  ± 1.34

						
					

					
							
							ESR(mm/h)

						
							
							2.27 ± 0.13

						
							
							2.56  ± 0.68

						
					

					
							
							TEC (x106)

						
							
							1.39 ± 0.11

						
							
							1.29  ± 0.31

						
					

					
							
							TLC (x103)

						
							
							148.5 ± 18.9

						
							
							140.4  ± 16.51

						
					

					
							
							PCV %

						
							
							23.5 ± 7.97 

						
							
							 22.8 ± 2.59 

						
					

					
							
							MCV (µm) 

						
							
							120.4 ± 28.47 

						
							
							122.6 ± 28.47 

						
					

					
							
							MCHC %

						
							
							 41.2 ± 20.99 

						
							
							 44.6 ± 8.32 

						
					

					
							
							Differential count %

						
					

					
							
							Thrombocytes 

						
							
							 29.90 ± 1.20 

						
							
							 30.2 ± 2.80 

						
					

					
							
							Neutrophils

						
							
							 1.5 ± 0.50 

						
							
							1.5 ± 0.45 

						
					

					
							
							Lymphocytes

						
							
							 65.80 ± 11.20 

						
							
							65.50 ± 10.70 

						
					

					
							
							Eosinophil’s

						
							
							1.5 ± 0.50 

						
							
							1.5 ± 0.50 

						
					

					
							
							Monocytes

						
							
							1.30 ± 0.70 

						
							
							1.3 ± 0.5 

						
					

					
							
							Serum analysis

						
					

					
							
							Glucose mg/dl

						
							
							201.20 ± 0.80

						
							
							202.40 ± 0.60

						
					

					
							
							Protein mg/dl

						
							
							9.45 ± 0.55

						
							
							9.90 ± 0.10

						
					

					
							
							Cholesterol mg/dl

						
							
							127.40 ± 0.60

						
							
							126.60 ± 0.40

						
					

				
			

			Values are the mean of four samples with standard deviation ±SD.
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			Figure 1: Photomicrograph of normal blood smear of male (a) and female (b) Labeo rohita during summer season from Kotri Barrage near Jamshoro, Sindh.
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			Figure 2: Photomicrograph of normal blood smear of male (a) and female (b) Labeo rohita during winter season from Kotri Barrage near Jamshoro, Sindh.

			Similar observations have been reported by Narejo et al. (2002) from Bangladesh in M. armatus and commented that the erythrocytes, concentration of haemoglobin, haematocrit, packed cell volume (PCV) and neutrophil counts were found to be high in males in contrast to female in the months of summer up to breeding season and females have significantly higher values in (ESR), (TLC) and thrombocyte count during summer. In winter the non-significant variation observed between the two sexes. Siddique and Naseem (1979) and Ghaffar et al. (2018) while working on hematology of the same fish Rahu declared that male had high values of in that of female due to development of gonads. Gupta and Mishra (2012) analyzed deviation of blood factors during different seasons in Clarias gariepinus. Haematological indices revealed that deviation was observed in the counts of red blood cells, MCV and MCHC factors in various seasons. Kori et al. (2009) recorded haematological analysis in Clarias gariepinus raised in dissimilar concentrations of potassium permanganate and noted the values of red blood cell count low in high concentration of potassium permanganate. Mohan and Dhanapalan (2015) published review on calculation blood factors and biochemical indices of serum in three fish species from Cauvery River. Shakoori et al. (1996) reported health aspects of herbivore, omnivore and carnivore fishes on the basis of food habit. According to Narejo et al. (2001), the ratio between RBCs and WBCs was significantly high due to reduced levels of WBC throughout this research. Such variances may be credited to the physical adaptation of fishes to their living circumstance and nourishing protocol, which affects the energy breakdown and subsequently affects fish health. Serum biochemical constituents are generally used for checking fish maturity stages and observing any significant alterations in water quality and connected soil environmental parameters. The findings of the above authors accords with the present investigations.

			Conclusions and Recommendations

			It was found that that serum glucose concentration was significantly high in male fish than female one. Erythrocytes, leucocytes and hemoglobin concentrations remained high in male fish, Labeo rohita during summer season. However, females showed high counts of ESR in summer season. Although, it was also noted.
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Fish Health Assessment in Relation to Sex and Season: Haematolog-
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Abstract | This study was focused on fish health assessment in relation to sex and season via haematological
variations and serum biochemical constituents of Labeo rohita from Kotri Barrage near Jamshoro, Sindh,
Pakistan. Fish samples (100 specimens for each sex) were collected during two seasons i.e., summer: March
to May, 2017 and winter: November, 2017 to January, 2018. Haematological characteristics of the fish
specimens were considered season and sex wise separately. Results showed that erythrocytes (2.09 x 10°
to 2.26 x 10°), leucocytes (164.90 x 10° t0145.55 x 10°) and haemoglobin (10.34 g/100 ml to 7.06 g/100
ml) concentration were significantly higher in male fish during summer and winter than that of female.
In female fish, erythrocyte sedimentation rate (ESR) in summer and winter season was found higher (7.3
mm/h to 2.56 mm/h). Thrombocytes, neutrophils, lymphocytes, eosinophil and monocytes did not show any
significant difference in their counts of male and female fish during summer and winter season. Important
serum constituents like protein, cholesterol and glucose were also assessed and it was reported that serum
glucose was found more in male than female fish, while in male protein and cholesterol were high in female in
summer. In winter season, female fish showed low level of cholesterol, though protein and glucose remained
high. Based on the serum biochemical constituent data, it was concluded that male L. rohita were healthier
than the female fish in terms of blood parameters.
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Introduction retain chemicals like heavy metals and pesticides
through submissive phenomena so pollutant in their

Fish imitate to situation of water quality and environment can be identified. Fish consume greater
pollution since they existed at the lowest level of amount of algae, phytoplankton and different aquatic
food chain of aquatic bodies. They can obtain and plant infected with pesticide, which consequently
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