


Role of hematological and biochemical parameters as indicators of seasonal stress in Labeo rohita from diverse aquatic environment




ABSTRACT
	Biochemical and muscle parameters of Labeo rohita collected from two distinct aquatic habitats Ganga River and Bhimsen Pond. Fish of similar age and weight were selected, and the study was conducted during the summer, rainy, and winter seasons. Blood samples were collected by cardiac puncture and used for hematological and biochemical analyses. Hematological parameters including Hemoglobin (Hb), Total Erythrocyte Count (RBC), Total Leucocyte Count (WBC), and Hematocrit (HCT) were estimated using standard protocols. Serum was separated and analyzed for protein, glucose, cholesterol, and triglycerides. Additionally, muscle tissue samples were homogenized and analyzed for protein, glycogen and lipid content. Statistical analysis was performed using ANOVA, and a p-value < 0.05 was considered significant. The results showed significant seasonal fluctuations in hematological parameters. Highest valueswere found in summer and lowest in winter. Hb levels in river fish decreased from 7.86 g/dl in summer to 5.46 g/dl in winter (p = 7.98E-06). Similarly, RBCs, WBCs, and HCT also declined significantly with season. However, serum biochemical parameters (protein, glucose, cholesterol, and triglycerides) and muscle biochemical parameters (protein, glycogen, and lipid) did not reveal statistically significant seasonal variations (p > 0.05).Decreasing trends were found from summer to winter. This study highlights that hematological indices are more sensitive indicators of seasonal physiological responses in Labeo rohita than serum or muscle biochemistry, and such fluctuations may be influenced by environmental changes across seasons.
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1. INTRODUCTION
Labeo rohita, commonly known as Rohu, is a major freshwater carp species widely cultured in India. It is highly valued for its rapid growth, adaptability, and nutritional quality. As a key species in polyculture systems, Labeo rohita plays a vital role in Indian aquaculture and contributes significantly to inland fish production (FAO, 2020). Estimation of hematological, serum, and biochemical parameters is crucial for evaluating the physiological and health status of fish (Hrubec and Smith, 2000). These values can vary significantly depending on environmental conditions, water quality, and habitat type (Kori-Siakpere and Ubogu, 2008). In particular, fish reared in pond water often experience different stress levels, nutritional inputs, and exposure to pollutants compared to those inhabiting natural river systems. River water fish are typically exposed to more dynamic and natural ecosystems, which may influence their metabolic and immune responses differently than cultured pond fish. Comparing these parameters in Labeo rohita from river and pond environments provides insight into how habitat influences fish health, growth, and adaptability. Such comparative studies are crucial for optimizing aquaculture practices and understanding the ecological impact of different aquatic habitats on fish biology. Physicochemical parameters also play a crucial role in regulating the physiology of fish in various climatic conditions (Verma, 2019; Hemprabha and Arya, 2025).
Hematological parameters in fish are influenced by multiple factors, including sex, reproductive status, environmental conditions, age, stress, habitat, temperature, and species type (Blaxhall, 2006; Prakash and Verma, 2018; Singh and Pandey, 2023). It is also influenced by different insecticides, pesticides and heavy metals, which come from different sources in rivers and ponds (Shukla and Arya, 2017; Verma and Prakash, 2018; Prakash and Verma, 2020a; Masih, 2021; Kumar, 2022; Singh et al., 2023). Besides, arsenic also influences the different aspects of physiology of fish (Verma and Prakash, 2019; Prakash and Verma, 2020b). Hematology serves as a crucial biomarker in various scientific fields like environmental monitoring, toxicology, risk assessment, and health evaluations (Naz et al., 2021). The study of hematological parameters is often based on the fish's species, age, health, and habitat (Patriche et al., 2011; Kumar et al., 2019). Both hematological and biochemical values help assess the metabolic and physiological state of fish (Ullah and Li, 2019). An increase in white blood cells (WBCs) usually indicates infection, stress, or tissue damage, while a decrease can reduce the fish’s ability to fight disease.
Serum biochemical parameters, including glucose, proteins, and specific enzymes, are frequently used to assess the metabolic status of fish. Glucose levels in the serum can reflect the stress levels and energy metabolism of fish, while total serum proteins, albumin, and globulin concentrations provide insights into the nutritional and immunological status (Hrubec and Smith, 1996). The level of lipids in fish is particularly relevant for understanding their energy reserves and nutritional state (Mohanty and Nayak, 2010). Present studies are essential for fish welfare, enhancing growth performance, and ensuring sustainable fish farming. It also provides baseline data useful for environmental monitoring and toxicological research in the aquatic ecosystem.
2. MATERIAL AND METHODS
2.1. Collection of Fish
Healthy Labeo rohita of similar size and weight were collected from two different habitats, the Ganga River and Bhimsen Pond of Kanpur. Live specimens were carefully transported to the laboratory in well-aerated containers to minimize stress during transit. The fish were then maintained in a well-aerated aquarium under controlled laboratory conditions at the Department of Zoology, Dayanand Girls’ P.G. College, Kanpur. For the study, five fish were randomly selected from each sampling site (river and pond). Before sampling, the fish were acclimatized to laboratory conditions to ensure stabilization of physiological parameters.
2.2. Sample collection
Blood was collected by cardiac puncture with a heparin-coated 25 gauge × 0.5-inch needle, attached to a 2 ml syringe in heparinised tubes/ EDTA anticoagulant vials to prevent clotting of blood for hematological analysis, and in normal tubes also to allow clotting for Biochemical analysis. The hematological parameters estimated were Total Erythrocyte Count (RBC), Total Leucocyte Count (WBC), Haemoglobin (Hb), and Hematocrit.
The RBC count is determined by the Hemocytometer. A small amount of blood is diluted with a diluent, Hayem’s solution, and the number of RBCs is counted under a microscope according to the method of Dacie and Lewis (2001). Similarly, WBCs are counted using a hemocytometer after dilution of the blood with Turk’s solution. The cells are visualized and counted under a microscope (Blaxhall and Daisley, 1973). Hemoglobin is measured by Sahli’s haemoglobinometer to estimate haemoglobin percentage (Hb%). PCV is measured using the microhematocrit centrifugation method (Wintrobe, 1974).
2.3. Serum parameters
For serum collection, blood is drawn aseptically from the caudal vein using a sterile syringe and allowed to clot in non-heparinized tubes at room temperature for 1–2 hours. The samples are then centrifuged at 3000 rpm for 10–15 minutes, and the clear serum is separated and stored at –20°C for further analysis (Hrubec and Smith, 2000). Biochemical analysis of fish serum involves estimation of various metabolic and enzymatic parameters. Total protein is commonly estimated using the Lowry method (Lowry et al., 1951). Glucose levels are determined using the glucose oxidase–peroxidase (GOD-POD) method (Trinder, 1969), and cholesterol levels by the cholesterol oxidase–phenol aminoantipyrine (CHOD-PAP) method (Allain et al., 1974). Triglyceride level was measured by Fossati and Prencipe (1982).
2.4. Sample preparation for biochemical parameters 
For biochemical analysis, the fish was dissected, and then the muscle tissues were sliced and freeze it. Freeze-dried muscle tissue homogenized to powder form. 2 gm tissues were taken for protein, Glycogen, and lipid determination. Protein determination was done by Lowery et al, and glycogen by Kemp et al. (1954), while lipid content was estimated by using the Soxhlet apparatus following the method of Bligh and Dyer (1959).
2.5. Statistical analysis
The study followed a factorial completely randomized design (F-CRD) in three replications with two sources of fish, that is, pond and river (factor A). Three seasons: summer, winter, and rainy (factor B). All statistical analyses were performed using MS Excel 2010. All results express a mean ± standard deviation (SD). Data are statistically analyzed using ANOVA to compare river and pond water fish. A p-value of less than 0.05 is considered statistically significant.
3. RESULT AND DISCUSSION
The findings of the present study were analyzed and summarized in Tables 1-3 and the results revealed significant differences among seasons and habitats, highlighting the effectiveness of these parameters as biomarkers of seasonal stress in fishes. Blood parameters of river and pond fish exhibited marked seasonal variations, as presented in Table 1. Hemoglobin (Hb) levels were highest during summer (7.86 ± 0.50 g/dl in river fish and 8.42 ± 0.383 g/dl in pond fish), indicating enhanced oxygen-carrying capacity required to meet increased metabolic demands in warmer temperatures. These values declined during the rainy season (6.76 ± 0.51 in river fish and 7.06 ± 0.456 in pond fish) and were lowest in winter (5.46 ± 0.99 and 5.74 ± 0.151, respectively), likely due to reduced metabolic activity and oxygen requirement in colder conditions. Orun et al. (2003) and Pradhan et al. (2012) conducted research and found similar results in the past.
White blood cell (WBC) counts followed a similar trend, being highest in summer (6.7 ± 0.28 and 6.92 ± 0.389 in river and pond fish, respectively), slightly reduced in the rainy season (5.48 ± 0.25 and 5.76 ± 0.304), and lowest in winter (4.94 ± 0.40 and 5.16 ± 0.304). This seasonal fluctuation in WBCs may reflect the immune response to environmental stress and pathogen load, which varies with temperature and water quality (Kori-Siakpere et al., 2005). Shah and Altindag (2004) conducted a study on tench (Tinca tinca L.) and exposed to lethal and sublethal concentrations of mercury. Our findings corroborate with their results in the control measure.
Red blood cell (RBC) counts also showed significant seasonal changes, peaking in summer (2.172 ± 0.18 in river fish and 2.26 ± 0.200 in pond fish), decreasing in the rainy season (1.774 ± 0.15 and 1.84 ± 0.123), and reaching their lowest in winter (1.334 ± 0.10 and 1.43 ± 0.083) (Das et al., 2006). The hematocrit (HCT) values, which represent the volume percentage of red blood cells, mirrored this pattern, being highest in summer (32.266 ± 0.98% in river fish and 32.50 ± 1.08% in pond fish), moderately reduced during the rainy season (30.812 ± 0.70% and 31.42 ± 0.484%), and lowest in winter (25.456 ± 0.82% and 25.59 ± 0.887%). Guijarro et al. (2003) observed seasonal differences in all four hematological parameters were statistically significant, with p-values well below 0.001, indicating a strong influence of temperature and seasonal environmental changes. These results highlight the physiological adaptability of fish to seasonal shifts, with higher hematological values in warmer seasons supporting increased metabolic activity, while lower values in winter reflect reduced physiological demand. Pond fish generally exhibited slightly higher values than river fish, suggesting that more stable environmental conditions in ponds may support better physiological status. Alterations in hematological values may occur due to stress, environmental changes, or infections, making them useful tools for evaluating the health status of fish in aquaculture systems. Goel et al. (2022) conducted a research trial on Channa punctata for a hematological study. They reported the impact of pyrethroid, showing a decreasing trend in the increase of pyrethroid concentration. However, in the control measure, they found similar results.

	Table 1: Blood parameters of river and pond fish

	Blood parameters
	Summer
	Rainy
	Winter
	P- value

	
	River
	Pond
	River
	Pond
	River
	Pond
	River
	Pond

	Hb (g/dl)
	7.86±0.50
	8.42±.383
	6.76±0.51
	7.06±.456
	5.46±0.99
	5.74±.151
	7.98E-06

	2.194E-07

	WBCs (106/mm3)
	6.7±0.28
	6.92±.389
	5.48±0.25
	5.76±.304
	4.94±0.40
	5.16±.304
	0.000005
	0.0003012

	RBCs (106/mm3)
	2.172±0.18
	2.26±.200
	1.774±0.15
	1.84±.123
	1.334±0.10
	1.43±.083
	0.000006

	4.132E-05

	HCT (%)
	32.266±0.98
	32.50±1.08
	30.812±0.70
	31.42±.484
	25.456±0.82
	25.59±.887
	5.929E-08

	3.722E-06


Values are mean ± SD; (n=5), P<0.05
3.1. Serum parameters
The seasonal variation in serum biochemical parameters like protein, glucose, cholesterol, and triglycerides of river and pond fish showed noticeable trends, though the differences were statistically non-significant (Table 2). In summer, serum protein levels were higher in pond fish (4.9 ± 4.53 g/dl) compared to river fish (4.35 ± 0.39 g/dl), with a gradual decline observed during the rainy and winter seasons. A similar decreasing trend was noted by Mahdi et al. (2006) and Jan et al. (2012), who reported that protein levels decline during winter due to reduced feeding and metabolic rates in colder environments. However, in the present study, statistical analysis revealed no significant differences (p > 0.05), indicating that fish may regulate serum protein levels efficiently across seasons.
Serum glucose levels were highest in summer (52.43 ± 5.03 g/dl in river fish and 53.13 ± 4.70 g/dl in pond fish) and decreased progressively during the rainy and winter seasons. This decline may be associated with reduced food intake and energy expenditure in colder conditions, which is consistent with findings by Palanisamy et al. (2011), who reported lower glucose levels in fish during winter. Ferri et al. (2022) conducted research on Mediterranean Scorpaenidae species and found same trend. Despite this, the seasonal variations in glucose were not statistically significant (p = 0.9018 and 0.9821), suggesting that glucose levels are maintained within a stable physiological range.
Similarly, serum cholesterol levels showed a seasonal decrease from summer (191.86 ± 7.02 g/dl in river fish and 192.4 ± 6.15 g/dl in pond fish) to winter (147.16 ± 4.23 and 148.1 ± 2.63), which may be related to reduced lipid metabolism at lower temperatures. This pattern aligns with the observations of kumar et al. (2019), who reported lower cholesterol levels in winter due to slower metabolic processes in Labeo rohita. However, statistical analysis again indicated no significant differences (p > 0.05).
Triglyceride levels also followed a declining trend from summer to winter (river fish: 260.63 ± 34.05 g/dl to 195.6 ± 3.25; pond fish: 263.0 ± 31.24 g/dl to 196.2 ± 2.34). The seasonal decrease in triglycerides may reflect reduced dietary lipid intake and energy requirements during colder months, which is supported by the findings of Ganeshwade et al. (2015). Kol and Heque, (2023), conducted work on freshwater fishes (Wallago attu and Cirrhinusmrigala) and found same results. Nonetheless, these variations were statistically non-significant (p = 0.9903 and 0.9947), indicating minor seasonal influence on triglyceride levels.
In conclusion, although serum protein, glucose, cholesterol, and triglyceride levels showed a decreasing trend from summer to winter in river and pond fish, the variations were not statistically significant. This suggests that fish may possess effective physiological mechanisms to maintain serum biochemical homeostasis across different seasons.
Table-2 Serum parameters of River and pond fish
	Serum parameter
	Summer
	Rainy
	Winter
	P- value

	
	River
	Pond
	River
	Pond
	River
	Pond
	River
	Pond

	Protein (g/dl)
	4.35±0.39
	4.9 ±4.53
	3.40±0.31

	3.9±3.7
	2.27±0.32

	2.2±2.83
	0.860034

	0.562993

	Glucose (g/dl)
	52.43±5.03
	53.13±4.70
	42.9±2.35
	43.3±1.80
	35.73±3.15
	36.03±2.70
	0.9018
	0.98206

	Cholesterol (g/dl)
	191.86±7.02

	192.4±6.15
	170.63±7.85

	174.1±4.14
	147.16±4.23

	148.1±2.63
	0.95502

	0.996749

	Triglycerides (g/dl)
	260.633±34.05
	263.0±31.24
	235.866±5.02
	236.4±4.15
	195.6±3.25
	196.2±2.34
	0.990296
	0.994706



Values are mean ± SD; (n=5), P>.05
3.2. Biochemical parameters
Data of Table 3 revealed that seasonal variation in biochemical parameters-protein, glycogen, and lipid content-in the muscle tissue of river and pond fishes reveals important physiological responses to changing environmental conditions. Protein content was observed to be highest during the summer season in both rivers (15.83 ± 0.65 mg/g) and pond fish (17.13 ± 0.60 mg/g), with a gradual decline during the rainy (13.2 ± 0.85 and 13.36 ± 1.05 mg/g) and winter seasons (11.43 ± 0.40 and 12.16 ± 0.25 mg/g). This decline in protein content may be attributed to reduced feeding activity, increased metabolic demands, and the mobilization of proteins for reproductive processes during colder months. Our results corroborate with the findings ofSingh et al. (2016) and Doloi and Basumatari (2020). Jan et al. (2012) reported seasonal fluctuations in Schizothoraxesocinus, noting the highest protein levels in summer and the lowest during winter due to spawning-related catabolism. Mahdi et al. (2006) also highlighted this seasonal trend, associating it with energy redistribution during reproductive cycles.
Glycogen content followed a similar seasonal pattern, being highest in summer (7.96 ± 0.80 mg/g in rivers and 7.5 ± 0.36 mg/g in pond fishes) and declined through the rainy (5.23 ± 0.92 and 4.96 ± 0.20 mg/g) to the winter season (3.83 ± 0.35 and 3.73 ± 0.20 mg/g). This trend likely reflects the fish’s use of stored carbohydrates for energy during periods of environmental stress and reduced food intake. Ganeshwade (2015) found a steady decrease in glycogen levels in Labeo calbasu from January to October, with peak values in early months and minimal levels during late autumn and winter. A similar seasonal depletion of glycogen was observed in Mystus cavasius by Ganeshwade et al. (2016), supporting the idea that glycogen is a readily mobilized energy source during unfavorable conditions.
Lipid content, essential for long-term energy storage, also exhibited seasonal variability. It was highest during summer (9.85 ± 0.35 and 9.5 ± 0.30 mg/g), decreased in the rainy season (8.1 ± 0.36 and 7.53 ± 0.30 mg/g), and reached the lowest levels in winter (4.166 ± 0.35 and 3.73 ± 0.20 mg/g). The sharp decline during winter may be due to increased metabolic demands and limited feeding opportunities, leading to the mobilization of lipid reserves. Abidi and Khan (2007) observed similar seasonal lipid fluctuations in freshwater fishes, and Reddy and Rao (1992) reported lipid depletion during colder months, attributing it to energy use under stress conditions. Arya and Shukla (2018) reported that chromium toxicity revealed significant impact on biochemical parameters on freshwater fish. Without any treatment their results showed close conformity with present findings.


	Table-3 Biochemical parameters of river and pond fish

	Biochemical parameters
	Summer
	Rainy
	Winter
	P-value

	
	River
	Pond
	River
	Pond
	River
	Pond
	River
	Pond

	Protein (mg/g)
	15.83±0.651
	17.13±0.603
	13.2±0.854

	13.36±1.06
	11.43±0.40

	12.16±0.252
	0.959
	0.557

	Glycogen (mg/g)
	7.96 ± 0.80
	7.5 ± 0.36
	5.23±0.92
	4.96±0.20
	3.83±0.35
	3.73±0.20
	0.853
	0.9216

	Lipid (mg/g)
	9.85±0.35
	9.5±0.3
	8.1±0.36
	7.53±0.30
	4.166±0.35
	3.73±0.20
	0.978
	0.996


Values are mean ± SD; (n=5), P>0.05
Although the seasonal differences in protein, glycogen, and lipid content were not statistically significant (P > 0.05), the biological relevance of these variations highlights the adaptive physiological strategies employed by fishes to cope with changing environmental and reproductive demands. These findings underscore the influence of seasonal cycles on fish metabolism and nutritional status, which is crucial for fisheries biology and aquaculture management.
4. CONCLUSION
The study aimed to evaluate seasonal fluctuations in hematological, serum biochemical, and muscle biochemical parameters of Labeo rohita collected from two different aquatic habitats, Ganga River and Bhimsen Pond. The findings clearly demonstrated that hematological parameters, including hemoglobin, red and white blood cell counts, and hematocrit, exhibited significant seasonal variation. These values were generally higher during summer and progressively declined through the rainy and winter seasons. This indicates that hematological indices are highly sensitive to seasonal environmental changes and serve as effective biomarkers of physiological stress in fish. In contrast, serum biochemical parameters such as protein, glucose, cholesterol, and triglycerides, along with muscle protein, glycogen, and lipid content, followed a declining trend from summer to winter but did not show statistically significant variations. However, the biological relevance of these changes suggests adaptive metabolic responses to environmental stressors, feeding behavior, and reproductive cycles. Fish from pond environments consistently exhibited slightly higher physiological values compared to river fish, likely due to more stable environmental conditions in the pond habitat. Overall, the study highlights that hematological parameters are more reliable indicators of seasonal stress and fish health than serum or muscle biochemistry. These findings contribute valuable insights for fish health monitoring, aquaculture management, and ecological assessments of freshwater habitats.
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