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Haematological and Histopathological Alterations in Anabas testudineus following Short-term Exposure to Lead nitrate







ABSTRACT 
Lead is a persistent aquatic pollutant that poses serious risks to fish health and ecosystem balance. This study examined the short-term effects of sub lethal Lead nitrate exposure on haematological indices, tissue morphology, cell viability, and coagulation dynamics in Anabas testudineus. The 96h LC50 value was established at 60.3 mg /L, and fish groups were exposed to two selected sublethal concentrations (15 mg/L and 30 mg/L) for durations of 3 and 7 days, respectively. Lead exposure significantly reduced red blood cell count, haemoglobin, and haematocrit values, indicating anaemia and disrupted erythropoiesis. White blood cell profiles showed increased total counts and neutrophil levels but reduced lymphocytes and monocytes, suggesting concurrent inflammatory responses and immune suppression. Histopathological analysis revealed dose-dependent lesions: renal glomerular shrinkage and tubular necrosis, hepatic vacuolation and sinusoidal congestion with necrosis, and gill alterations including epithelial hyperplasia, lamellar fusion and hypertrophy. Overall, Lead nitrate exposure caused systemic toxicity in A. testudineus, and the altered haematological and histopathological markers identified in the present study serve as valuable indicators for ecotoxicological monitoring of heavy metal contamination.
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1. INTRODUCTION
Industrial effluents contain suspended solids, pesticides, organic, inorganic and various toxic metal compounds (Swarup et al. 2006, Patra et al. 2007) which are major source of water pollution. The unregulated release of agricultural chemicals into water bodies has caused environmental problems to all classes of organisms in the aquatic habitat(Chai et al. 2017, Deng et al. 2017).Furthermore, fishes appear to be extremely sensitive bio-indicators of aquatic pollution and are being increasingly preferred as test species in toxicological screening of water systems. Anabas testudineus, a native freshwater teleost, was reported as having a higher capability to adapt to unfavourable environments, such as hypoxia, high salinity, low pH, environmental ammonia and contaminants(Davenport and Matin 1990, Klepper et al. 1992, Chew and Ip 2014). With this scenario, the present work is aimed to study the leucocytic profiles, blood chemistry and variations thereof in relation to pathological significance. Blood is a convenient and easily accessible liquid tissue, which can be used as a sensitive index in understanding various physiological processes in animals. Hence, clinical haematology and blood biochemistry offer the potential of a valuable tool in assessing fish health under specific circumstances like different pathological status and physiological response to environmental stressors. Lead is a toxic heavy metal that accumulates in fish tissues and causes severe physiological damage (Reichert et al. 1979). The present study investigates the haematological and histopathological effects of lead nitrate on the freshwater fish Anabas testudineus. Histopathology serves as an important diagnostic tool for detecting tissue damage caused by sublethal pollutants and provides early indications of toxic stress before mortality occurs (Sulekha and Mercy 2021, 2022). Haematological parameters are important for reflecting the pathophysiological status of a fish. These parameters have been widely used as indicators of disease or stress due to pollutants (Parmar and Shah 2020, Sinha et al. 2022, Muthukumaravel et al. 2023). The selected fish A.testudineus, is a very hardy fish, which can tolerate extreme conditions. It is widely seen in canals, lakes, ponds, swamps and inland water bodies of India, hence selected as biological indicators of ecotoxicological studies. Several studies have been carried out on the impacts of Lead nitrate on the haematology of different fish species (Mastan et al. 2008, Latif et al. 2014, Dutta et al. 2015, Abdel-Warith et al. 2020, Zulfahmi et al. 2021, Mahapatra et al. 2022, Sherif et al. 2024).
The gills, liver, and kidney are highly sensitive organs involved in respiration, osmoregulation, excretion, and detoxification (Evans et al. 2005). Alterations in these tissues reflect the toxic impact of contaminants such as lead nitrate. Due to its wide distribution, commercial value, year-round availability, and easy acclimatisation under laboratory conditions, Anabas testudineus is considered a suitable model organism for toxicity studies. Therefore, our short-term study focuses on evaluating the histological changes in the gill, liver, and kidney of fish exposed to different concentrations of lead nitrate to better understand its mechanism of toxicity.

2. MATERIAL AND METHODS
2.1 Specimen collection and maintenance
The “Climbing perch”, Anabas testudineus, locally known as koi, is an air-breathing freshwater fish commonly found in a wide range of aquatic habitats, including stagnant muddy ponds, canals, paddy fields, lakes, rivers, and jheels. Live and healthy specimens of A. testudineus were collected from a local fish farm in Kolkata for the present study. After collection, A. testudineus were transported live to the Post Department of Zoology, Maulana Azad College, University of Calcutta, and were kept alive for one week in glass aquaria (size: 0.75m x 0.44m x 0.45m; 5-6 fish per aquarium) under controlled laboratory conditions with continuous aeration at 25-30°C. In the meantime, fishes were fed with commercial fish pellets during the acclimatization period only. The water was renewed every alternate day to avoid the accumulation of unutilised food or metabolic waste products. 
2.2 Dose determination
The specimens of A. testudineus were exposed to different concentrations of lead nitrate and LC50 value was determined by Probit method (Finney 1964). The LC50 value for 96h was found to be 60.3 mg/L. Two sublethal doses were chosen as 15mg/L for Treated group 1 and 30mg/L for treated group 2 respectively.
2.3 Haematological determinations
Prior to blood collection, the weight (67.5 ± 2.5 g) and total length (12.5 ± 0.6 cm) of A. testudineus were measured respectively with a digital weighing machine and measuring scale. Free-flowing blood was collected by severing the caudal peduncle with a sterile sharp scissors without using anaesthesia. Blood smears were prepared from blood free from any anticoagulant. However, blood was collected in glass vial rinsed with 3.8 % sodium citrate (anticoagulant) for determination of Haematocrit (Ht) and Leucocrit (Lt) values. The measurements were made within 30 min of sampling.Different blood parameters viz. Total Leucocytic Count (TLC), Leucocrit (Lt), Total Erythrocytic Count (TEC), Haemoglobin (Hb) and Haematocrit (Ht) were determined following standard methods with some modifications (Blaxhall and Daisley 1973; Dacie and Lewis 1984). TLC and TEC were made by standard clinical method (with the help of improved Neubaur double Haemocytometer, Fein-OPTIK, Blankenburg, G.D.R.) using Hayem’s solution as diluting fluid. The haemoglobin content (g %) of blood was determined colorimetrically by Cyanmethaemoglobin method. The Ht and Lt values were estimated by microhaematocrit method (Wintrobe 1967) using microhaematocrit capillary tubes and a microhaematocrit centrifuge (3000 g for 25 min). For Differential count of WBC (DWBC %), the air-dried blood films were stained with freshly prepared Leishman stain and examined under Zeiss-Axiostar plus compound microscope. The percentage of leucocytes was calculated by counting 150 cells of uniform blood smears avoiding extreme edges.
2.4 Histopathological study
The head kidney, liver and gill from control and lead nitrated-treated fish groups were isolated, washed in saline, and fixed in 10 % buffered formalin for 12 h. Then, tissues were dehydrated in upgraded alcoholic series, immersed in cedar wood oil followed by embedding in molten paraffin (melting point: 56-58°C). Serial paraffin thin sections (5 μm) were cut using a rotary microtome. The tissue sections were stained with Haematoxylin and Eosin (HE) following standard protocol and mounted in Dibutylphthalate Polystyrene Xylene (DPX). Finally, the stained tissue sections were observed under a bright-field microscope.
2.5 Statistical analysis
All the statistical analyses were performed using t-test. Data are presented as mean ± standard error (± S.E). P-values of <0.05 were considered significant and P-values of <0.01 were considered highly significant.
3. RESULTS AND DISCUSSION
[bookmark: _Hlk166499934]Our findings revealed that lead nitrate exposure caused significant changes in erythrocytic parameters (Table 1) and most of the leucocytic parameters (Table 2).
3.1 Changes in erythrocytic parameters
RBC counts exhibited a dose-dependent decreasing trend with increasing concentrations of lead nitrate on both the 3rd and 7th days of exposure. In the present study, a significant reduction was observed in treated group 1 on both days, whereas treated group 2 showed a highly significant decline following both exposure periods (Table 1). The findings of our study are consistent with several other analyses in the sense that they also reported a significant decrease of RBC in different fish species when exposed to copper (Al-Akel et al. 2010), cadmium (Kang et al. 2005) and arsenic (Kumar and Banerjee 2016).Fazio (2019) stated that decrease in RBC count may impair the transport of nutrients and oxygen to cells, tissues, and organs, thereby leading to metabolic disturbances in fish. Dutta et al. (2015) reported that RBC and Hb in Channa punctatus decreased significantly due to increasing exposure to lead nitrate, which is consistent with our findings. Hemoglobin (Hb) levels showed a progressive decline with increasing concentrations of lead nitrate following 3 and 7 days of exposure. In the present investigation, treated group 1 exhibited a statistically significant reduction in Hb levels on both exposure days, whereas treated group 2 demonstrated a highly significant decrease after 3 and 7 days of treatment. According to Adakole (2012), the low level of Haemoglobin had an impact on the reduction of metabolism rate and energy utilization. This study revealed that exposure to lead nitrate causes a significant decline in Hb level in all treated groups compared to control groups in both exposure periods (Table 1). Exposure to other pollutants such as cadmium, arsenic, and lead has been reported to reduce the level of Hb in Oreochromis niloticus, Clarias batrachus and Channa punctatus (Dube and Magar 2013; Al-Asgah et al. 2015; Kumar and Banerjee 2016). Lead in the fish body disrupts Hb synthesis through the condensation of Glycine and Succinyl Co-Enzyme A, depression of aminolevulinate dehydratase (delta-ALAD), and disruption of Ferrochelatase (Schmitt et al. 2002). Lead can also improve the level of aminolevulinic acid (ALA) required in the synthesis of Hb. The increase in the ALA level might affect the formation of porphobilinogen and protoforfirin- 9, thus hampering the synthesis of Hb (Lamidi et al. 2020). Exposure to lead nitrate resulted in noticeable alterations in hematocrit (Ht) levels across the experimental groups. On the 3rd day of exposure, Ht values declined progressively with increasing concentration of the toxicant. In contrast, after 7 days, a slight elevation in Ht was recorded in treated group 2. Overall, both treated groups exhibited a significant reduction in Ht levels following 3 days of exposure. However, after 7 days, treated group 1 continued to show a significant decrease, whereas treated group 2 demonstrated a significant increase relative to the control group (Table 1). The values of Hb and Ht reflected the binding and distribution of oxygen in fish blood (Witeska 2013).

[bookmark: _Hlk166500005]Table 1. Changes in erythrocytic parameters in control and lead nitrate treated fish groups (1 and 2) of Anabas testudineus (Values shown are mean ± S.E; 5 fishes for each group).
 * significant (P < 0.05), ** highly significant (P < 0.01)
	DAYS OF EXPOSURE
	ERYTHROCYTIC PARAMETERS
	CONTROL GROUP
	TREATED GROUP 1
 (15 mg/L)
	TREATED GROUP 2 
(30 mg/L)

	



3
	TEC(× 106/ cmm)
	2.762
±
0.01
	2.662*
±
0.03
	1.378**
±
0.096

	
	Hb (g/100mL)
	12.86
±
0.36
	10.98*
±
0.15
	7.64**
±
0.36

	
	Haematocrit (Ht %)
	37.074
±
0.22
	30.486**
±
0.34
	26.788**
±
0.14

	



7
	TEC(× 106/ cmm)
	3.954
±
0.07
	3.306*
±
0.12
	2.646**
±
0.09

	
	Hb (g/100 mL)
	13.474
±
0.16
	12.398*
±
0.11
	11.02**
±
0.38

	
	Haematocrit (Ht %)
	49.222
±
0.27
	37.036**
±
0.07
	45.478**
±
0.15



3.2 Changes in leucocytic parameters
The exposure to lead nitrate at concentrations of 15 mg/L (treated group 1) and 30 mg/L (treated group 2) for 3 and 7 days resulted in a highly significant change in TLC (Table 2) of A. testudineus. The rising TLC reported in this study may indicate some resistance against infectious substances (da Silva et al. 2018). It has been reported that exposure to several heavy metals including manganese, zinc, and copper increased the TLC in different fish species (Raina and Sachar 2014, Sharma and Langer 2014, Kaviani et al. 2019). TLC plays an important role in cellular and immune responses against xenobiotic compounds (Abdel-Warith et al. 2020). The present study also revealed a significant increase in LT % in both treated groups compared to the control groups after both 3 and 7 days of exposure (Table 2). The increase was highly significant after 3 days of exposure in both treated groups, whereas after 7 days of exposure, the observed changes were statistically significant. Exposure to lead nitrate induced significant alterations in the differential leukocyte count (DWBC %) of  Anabas testudineus (Table 2). 
Table 2. Changes in leucocytic parameters in control and lead nitrate treated fish groups (1 and 2) of Anabas testudineus (Values shown are mean ± S.E; 5 fishes for each group).
 * significant (P < 0.05), ** highly significant (P < 0.01)
	DAYS OF EXPOSURE
	LEUCOCYTIC
PARAMETERS
	CONTROL GROUP
	TREATED GROUP 1
(15 mg/L)
	TREATED GROUP 2
(30 mg/L)

	3
	TLC(×103/cmm)
	189 ± 2.91
	381.85** ± 15.13
	575.8** ± 10.35

	
	Leucocrit (Lt %)
	1.826 ± 0.02
	2.22** ± 0.03
	2.542** ± 0.02

	
	
DWBC %

	NEU
	16.756 ± 0.82
	24.182** ± 0.48
	27.254** ± 0.71

	
	
	EO
	2.226 ± 0.13
	3.062* ± 0.17
	3.4** ± 0.2

	
	
	LL
	19.14 ± 1.7
	14.398* ± 1.15
	14.208 ± 0.7

	
	
	SL
	59.352 ± 1.28
	58.358 ± 1.48
	55.132* ± 0.28

	
	
	MO
	3.97 ± 1.07
	2.89 ± 0.29
	2.67 ± 0.44

	7
	TLC(×103/cmm)
	249.68 ± 11.89
	459.9** ± 7.89
	663.84** ± 7.19

	
	Leucocrit (Lt %)
	1.342 ± 0.015
	1.706* ± 0.0081
	1.458* ± 0.015

	
	DWBC %
	NEU
	12.5 ± 0.57
	26.114** ± 0.75
	20.928* ± 1.89

	
	
	EO
	1.652 ± 0.09
	2.504* ± 0.28
	2.628* ± 0.18

	
	
	LL
	9.872 ± 0.43
	14.246* ± 0.71
	9.5774 ± 0.34

	
	
	SL
	72.97 ± 1.27
	57.132** ± 0.98
	64.792* ± 1.77

	
	
	MO
	6.80 ± 1.09
	3.66 ± 0.57
	2.89 ± 0.29



Neutrophil and eosinophil percentages showed a significant increase in most treated groups compared with the control, suggesting activation of immune responses under lead-induced stress. However, a decline in neutrophil percentage was observed in the 30 mg/L group after 7 days of exposure when compared with the 3-day exposure group. Large and small lymphocytes exhibited variable responses following lead nitrate exposure. Large lymphocytes showed a significant decrease in the 15 mg/L group on day 3, whereas a significant increase was observed in the same group on day 7 compared to the control. Small lymphocytes decreased significantly in the 30 mg/L group on day 3 and in both treated groups on day 7. Monocyte percentages were reduced in all treated groups relative to the control, consistent with previous reports in toxicant-exposed fishes (Ghiasi et al., 2010; Soni et al., 2018). Since neutrophils, lymphocytes, and monocytes are involved in immune defence, antigen response, phagocytosis, and antibody production, the observed changes may indicate immunological stress and physiological adaptation following lead nitrate exposure (Wedemeyer 1981; Gross and Siegel 1983).

4.3 Histopathological analysis
4.3.1 Histopathology of Kidney
The kidneys of fish play an important role in maintaining osmotic homeostasis. Moreover, renal tissues receive large volumes of blood and serve as a major route of excretion for metabolites of various xenobiotics. Because renal tissues are continuously exposed to toxic chemicals, the risk of effects is high (Myers et al. 1993). In the control group, kidney histology revealed intact renal corpuscles with well-vascularized glomeruli, renal tubules, and hematopoietic cells (Fig. 1A). The renal tubules were lined predominantly by cuboidal and columnar epithelial cells and appeared oval or spherical in transverse sections. Exposure to 15 mg/L lead nitrate for 7 days induced mild nephropathological alterations, primarily manifested by slight glomerular shrinkage, suggesting the onset of renal impairment (Fig. 1B). Similarly, Singh (2012) reported adverse inputs such as shrinkage of the glomerulus, and dilation of the tubular lumen of common carp (Cyprinus carpio) exposed to dimethoate (EC 30%). Likewise, Bojarski et al. (2026) observed degenerative changes in the renal tubular epithelium of Cyprinus carpio following exposure to a nicosulfuron-based herbicide. Fish exposed to 30 mg/L of lead nitrate for same exposure period exhibited more severe renal damage. These alterations included moderate tubular necrosis and hypertrophy, accompanied by pronounced glomerular shrinkage (Fig. 1C). Fischer-Scherl et al. (1991) and (Neskovic et al. 1993) reported shrinkage of glomerulus, damaged and hypertrophied PCT, and loss of haematopoietic tissues in kidney after exposure to herbicides. The tubular necrosis and heterotrophy was also seen in recent research work with different toxicants (Akram et al. 2022, Naseem et al. 2022, Trivedi et al. 2022). Degenerative changes were evident in the proximal convoluted tubules (PCT), distal convoluted tubules (DCT), and collecting ducts. Furthermore, a significant reduction in hematopoietic tissue within the intertubular regions was observed, indicating severe disruption of normal renal structure and function.
4.3.2 Histopathology of Liver
Thecontrol group exhibited normal hepatic architecture, with well-defined hepatocytes and intact sinusoids (Fig. 2A). Histopathological examination of the liver in fish exposed to 15 mg/L lead nitrate for 7 days revealed marked alterations in hepatic architecture, including constriction and congestion of the hepatic sinusoids (Fig. 2B). Comparable hepatopathological alterations have been reported in fish exposed to various environmental contaminants. Akram et al. (2022) documented hepatic lesions in bighead carp exposed to different concentrations of triclosan, including congestion, cirrhosis, hemorrhage, karyorrhexis, karyolysis, nuclear hypertrophy, eccentric nuclei, and vacuolar fragmentation. Lead exposure also resulted in blood coagulation within the sinusoidal spaces and fusion of vacuoles, accompanied by degenerative changes in hepatocytes.Pronounced hepatocellular vacuolization displaced the nuclei toward the cell periphery, indicative of cellular stress (Fig. 2C). Mercuric chloride exposure on Channa punctatus also showed vacuolization, pyknosis and inflammation to some extent (Trivedi et al. 2022). Similar pathological alterations, including sinusoidal congestion and hepatocellular degeneration, have been reported in fish exposed to lead and other heavy metals, corroborating the present findings (Vinodhini and Narayanan, 2009; Khoshnood et al. 2011). Theseverity of histopathological alterations increased markedly in fish exposed to 30 mg/L lead nitrate for same exposure period. The hepatocytesexhibited extensive disruption of hepatocellular architecture, characterized by pronounced degeneration of hepatocytes, loss of cellular integrity, and intravascular blood coagulation (Fig. 2D). Extensive coalescence of cytoplasmic vacuoles was observed, resulting in substantial deterioration of the hepatic parenchyma (Fig. 2D). Furthermore, multiple necrotic foci were evident throughout the tissue, accompanied by widespread vacuolization and severe hepatocellular degeneration in areas surrounding constricted sinusoids (Fig. 2E). These severe histopathological changes align with findings from studies on other fish species exposed to high concentrations of lead, where similar hepatic damages were observed (Thophon et al. 2003, Mela et al. 2007).
Fish exposed to lead nitrate had several histopathological alterations, viz. congestion and construction of liver sinusoids and also it showing destruction of cell wall, blood coagulation, heavy metals caused serious impairments in the metabolic, physiological and structural systems. The histopathological changes observed in the liver of A. testudineus indicate that lead nitrate exposure results in significant hepatic damage. Lead is known to cause oxidative stress, which disrupts cellular integrity and function (Ebrahimi and Taherianfard, 2011). The congestion of liver sinusoids and coagulation of blood suggest impaired circulation within the liver, potentially leading to hypoxia and further cellular damage (Jiraungkoorskul et al. (2003). The vacuolization and degeneration of hepatocytes are indicative of lipid accumulation and metabolic disturbances within the liver, a common response to heavy metal toxicity(Gernhöfer 2001). Necrosis and cell wall destruction observed at higher lead concentrations reflect acute toxic effects, leading to loss of liver function and potentially fatal outcomes for the fish (Banaee et al. 2011). These findings highlight the hepatotoxic potential of lead nitrate and underscore the need for monitoring and regulating lead contamination in aquatic environments. The liver's role in detoxification makes it a primary target for heavy metal toxicity, and histopathological analysis serves as a crucial tool for assessing the impact of environmental pollutants on fish health (Hinton et al. 2018).

4.3.3 Histopathology of Gills
In the control group, primary and secondary gill lamellae are lined by flat epithelial cells and pillar cells (pc) surrounding the blood sinusoids (Figs. 3A and 3B). Fish group exposed to 15 mg/L lead nitrate for 7 days exhibited noticeable histopathological alterations in the gill tissue compared to the control group. Prominent lesions included epithelial hyperplasia (hp) and fusion of secondary lamellae (fs). Stalin et al. (2019) reported similar impact of chloropyrifos on Channa punctatus leading to fusion of lamellae, necrotic lamellae, lifting of lamellae epithelium, and mucoid metaplasia. In addition, epithelial hypertrophy (ht) and hypertrophy of the interlamellar regions were observed, indicating structural disruption of the respiratory surface (Figs. 3C and 3D). Severe pathological changes were evident in fish exposed to 30 mg/L lead nitrate after same exposure period. The gill tissue was characterized by marked epithelial hypertrophy (ht) and extensive loss of secondary lamellae, resulting in substantial impairment of normal gill architecture. Furthermore, abnormal sized cytoplasmic vacuoles and pronounced hypertrophy of the interlamellar spaces were observed (Fig. 3E).
Fish gills are the main respiratory organ for gaseous exchange, osmoregulation, excretion of nitrogenous waste products, and acid-base regulation (Evans et al. 2005) detoxification (Munshi and Hughes 1991). It is highly sensitive to many factors, including stress, and pollution (Uchida et al. 2000). Therefore, fish gills are considered to be the most appropriate indicator of water pollution. The toxicant crossed the barrier to the entrance and loosened the defence mechanism (Fernandes and Mazon, 2003). Proliferation of the epithelium increases the diffusion distance, thus affecting the exchange of gases, resulting in a decreased oxygen uptake capacity in fish gills (Nowak 1992). Hypertrophy was also reported by Nesković et al. (1996) and Jiraungkoorskul et al. (2003) which seemed to be the most common manifestation of cellular injury. Epithelial hyperplasia, lamellar fusion, and epithelial lifting serve as defence mechanisms that reduce the branchial superficial area in contact with the external surroundings. This mechanism increase the diffusion distance between pollutants and the bloodstream, thereby limiting the uptake of toxic substances and minimizing their adverse effects on the organism (Laurén and McDonald, 1985; Heerden et al., 2004).
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Fig. 1. Light micrographs of HE stained sections of Kidney of A. testudineus (both control and exposed to 15mg/L and 30mg/L of lead nitrate respectively after 7 days). A: Control kidney showing normal PCT (NT) under light microscopy, ×200; B: Fish treated with 15 mg/L lead nitrate showing shrunken glomerulus (SG), ×200; C: Fish treated with 30mg/L lead nitrate showing hypertrophied, slightly necrotic and damaged PCT (DT), ×200.
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Fig. 2. Light micrographs of HE stained sections of liver of A. testudineus (both control and exposed to 15mg/L and 30mg/L of lead nitrate respectively after 7 days). A: Section of control liver showing normal sinusoids (NS) with hepatocytes, ×200; B: Fish treated with 15 mg/L lead nitrate showing constriction of liver sinusoids (CT), ×200; C: Fish treated with 15 mg/L lead nitrate resulted congested liver sinusoids (CG), merged vacuoles and coalescence of vacuoles (CV) with degenerative changes of hepatocytes (DH), ×200; D: Fish treated with 30 mg/L lead nitrate showing destruction of cell wall, blood coagulation (CB) and congested liver sinusoids (CG), ×200; E: Fish treated with 30 mg/L lead nitrate showing coalescence vacuole (CB) and degenerative changes in hepatic parenchyma, coagulated blood (CB) and necrotic cells, ×200.
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Fig. 3. Light micrographs of HE stained sections of gills of A. testudineus (both control and exposed to 15mg/L and 30mg/L of lead nitrate respectively after 7 days). A: Gills of control fish showing normal structure of primary lamellae (pl), secondary lamella (sl) ×200; B: Gills of control fish showing pillar cells, × 400  (pc), C and D: Gill sections showing Epithelial hyperplasia (hp), fusion of secondary lamellae (fs), hypertrophy in interlamellar space (hi) and  epithelial hypertrophy (ht) in gills of A. testudineus exposed to 15 mg/L lead nitrate for 7 days, × 200; E: Secondary gill lamellae were lost having hypertrophy (ht), abnormal sized cytoplasm vacuoles (av) ,hypertrophy in interlamellar space in gill (hi) of A. testudineus exposed to 30mg/L lead nitrate for 7 days, × 200.
5. CONCLUSION

The present study demonstrated that short-term exposure to sublethal concentrations of lead nitrate produced measurable haematological and histopathological alterations in Anabas testudineus. Exposure to 15 mg/L and 30 mg/L lead nitrate for 3 and 7 days affected erythrocytic parameters, including total erythrocyte count, haemoglobin concentration, and haematocrit values. Changes in total leucocyte count, leucocrit, and differential leucocyte profiles further indicated physiological stress in exposed fish. Histological observations after 7 days showed dose-associated tissue alterations in the kidney, liver, and gills. The kidney showed glomerular shrinkage and tubular damage, the liver showed sinusoidal congestion, vacuolation, hepatocellular degeneration, and necrotic changes, and the gills showed epithelial hyperplasia, lamellar fusion, hypertrophy, and disruption of normal lamellar architecture. These findings suggest that haematological and histopathological parameters are useful indicators for assessing lead nitrate toxicity in freshwater fish. The study supports the use of A. testudineus as a bioindicator species for evaluating aquatic contamination by heavy metals.

Limitations
This study was limited to short-term exposure periods of 3 and 7 days and two sublethal concentrations of lead nitrate. Long-term exposure, recovery response, and bioaccumulation of lead in tissues were not evaluated. The study focused mainly on haematological and histopathological endpoints, while biochemical, molecular, oxidative stress, and genotoxic markers were not assessed. Details on replication, water-quality monitoring, and broader ecological relevance were limited. Future studies should include longer exposure durations, post-exposure recovery observations, tissue lead estimation, and additional biomarkers to provide a more complete understanding of lead nitrate toxicity in Anabas testudineus.
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