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Abstract 

In the present study, adult live specimens of edible freshwater catfish, Clarias batrachus were procured 

from local fish market at Hambran road, Ludhiana, Punjab from December 2016 to June 2017 and vital 

fish tissues (liver, muscle and kidney) were processed for heavy metal analysis and histopathological 

studies. The observations on histopathology revealed several hepatic lesions viz. Necrosis, infiltration of 

leukocytes, pyknosis and nuclear pleomorphism. Separation and degeneration of muscle fibres, atrophy 

of muscle bundles were well-noticed in muscle tissue. Renal alterations included, desquamation of renal 

epithelium, necrosis and disorganization of renal tubules. The results revealed that the content of toxic 

heavy metals (arsenic, chromium, cadmium, manganese and lead), which were beyond the permissible 

limits (WHO/FAO), might have caused the variations in histo-architecture of vital organs i.e. liver and 

kidney. However, the content of chromium and manganese exceeded the prescribed limits in muscle 

tissue which might have resulted in histological alterations. 
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1. Introduction 

The contamination of freshwaters with a wide range of pollutants has emerged as a serious 

environmental problem, worldwide [1, 2]. The rapid development of industry and agriculture has 

resulted in an increase in aquatic pollution with toxic chemicals, which has caused a 

significant environmental hazard in invertebrates, fish and humans [3]. Among aquatic 

pollutants, heavy metals being ubiquitous in nature, form a major stress related pollutant in 

aquatic bodies because of their non-biodegradable nature, toxicity, long persistence, ability to 

bio-accumulate and biomagnify in aquatic fauna [4, 5, 6]. These metal particulates enter the 

aquatic medium through effluents discharged from tanneries, textiles, metal finishing, mining, 

dyeing and printing industries, ceramic and pharmaceutical industries etc. [7]. Heavy metal 

contamination has devastating effect on the ecological balance of recipient environment and 

diversity of aquatic biota [8, 9]. 

Any metal or metalloid having relative atomic density more than 5 g/cm3 is considered as 

heavy metal [10]. They are categorized as potentially toxic (arsenic, cadmium, lead, mercury, 

etc.), semi-essential (nickel, vanadium, cobalt) and essential (copper, zinc, iron, manganese). 

Harmful effects of toxic metals can be observed even at very low concentrations when 

ingestion occurs over a long period of time, however, essential metals can produce toxic 

effects when their intake is excessive [11] . 

Among vertebrate aquatic fauna, fish are considered as one of the most indicative factors, in 

freshwater ecosystems, for the estimation of heavy metal pollution [12]. Fish are at a higher 

trophic level in the food web and can bioaccumulate large amounts of some metals particularly 

in liver, gills and kidney, upto concentrations several times higher than in the ambient water. 

Heavy metals are taken up through different organs of the fish because of the affinity between 

them [13]. Multiple factors including seasonal changes, exposure time, concentration of metals, 

physico-chemical parameters of water and metabolic activity of tissues might be the reason of 

significant augmentation of metals in different fish tissues [14, 15]. 

Histopathological changes have been widely used as a biomonitoring tool referring health 

status of fish exposed to environmental contaminants [16]. One of the great advantages of using 

histopathological biomarkers in environmental monitoring is that this category of biomarkers 

allows examining these specific target organs [17].  
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Fish liver is a good indicator of aquatic environmental 

pollution, where one of the important functions of the liver is 

to clean the pollutants from the blood coming from the 

intestine [18]. Also, it is the organ most affected by 

environmental contaminants in water, leading to 

histopathological changes in liver. However, kidney is a vital 

organ of body and its function is to maintain the homeostasis. 

It is not only involved in removal of wastes from blood but it 

is also responsible for selective reabsorption, which helps in 

maintaining volume and pH of blood and body fluid and 

erythropoieses [19]. Since a large volume of blood flows 

through the kidney, hence, it is a suitable organ for 

histological examination where lesions found in this organ 

can be useful as signs of environmental pollution [20]. Fish 

muscles are commonly analyzed for bioaccumulation of such 

toxic metals and pathological changes caused by it [21, 22]. 

These studies have been done for various reasons; many of 

them concerning food safety and public health interests where 

muscle tissues are generally the major edible portion of the 

fish [23]. 

Therefore, in the present study, heavy metal induced 

histopathological alterations were examined in different 

tissues (liver, muscle and kidney) of edible and commercially 

important catfish, Clarias batrachus procured from local fish 

vendors of Ludhiana, Punjab. 

 

2. Material and Methods 

2.1 Procurement of the fish 

Live specimens of adult freshwater catfish, Clarias batrachus, 

irrespective of size, weight and sex were procured from local 

fish market at Hambran road in Ludhiana city (30°56´N; 

75°52´S) during the period from December 2016 to June 

2017. Source of captured fish, as told by fish vendors, was 

freshwater bodies from different districts of Punjab State 

(India) and local fish ponds of Ludhiana city and Sutlej River.  

 

2.2 Analysis of heavy metals 

Heavy metals in fish were estimated using Inductively 

Coupled Argon Plasma Atomic Emission Spectrophotometer 

(ICAP-AES, Thermo iCAP-6300) as recommended by 

Yousafzai et al. [13]. The samples (liver, muscle and kidney) 

were processed for the estimation of eight heavy metals i.e. 

arsenic, cadmium, chromium, copper, manganese, nickel, lead 

and zinc. 

 

2.3 Histopathological studies 
Adult fish specimens were dissected and different tissues 

(liver, muscle and kidney) were removed, excised of fat and 

adhering tissues. The representative samples were carefully 

preserved in labeled sample bottles containing aqueous 

Bouin’s fixative for 24 hours. 

 

2.3.1 Tissue processing, sectioning and staining 
After complete fixation in aqueous Bouin’s solution for 24 

hours, the tissues were dehydrated in ascending series of 

ethanol, cleared in xylene and embedded in paraffin wax 

(melting point between 58-60 °C). 4-6µm thick sections were 

cut with the help of rotary microtome. 

After usual de-waxing with xylene followed by rehydration in 

descending series of ethanol, the sections were stained in 

haematoxylin, counterstained with eosin, dehydrated in 

ascending ethanol series, cleared in xylene and mounted in 

DPX [24]. The slides were observed under compound light 

microscope at 100X and 400X magnification and 

photomicrographs were taken using digital camera (Olympus 

CH20i).  

 

3. Results and Discussions 

3.1 Liver 

In the present study, the liver of catfish displayed several 

histomorphological alterations such as mild necrosis, 

pyknosis, cytoplasmic degeneration and infiltration of 

leukocytes (Fig 1A, B). Branching of blood vessels, 

aggregation of erythrocytes was also well-marked (Fig 1C). 

Severe nuclear alterations such as nuclear pleomorphism, 

nuclear degeneration and hypertrophy of nuclei were also 

noticed (Fig 1D, E, F). The alterations in histo-architecture of 

liver might have occurred due to the accumulation of heavy 

metals i.e. arsenic, cadmium, chromium, lead and zinc beyond 

the certified limits as shown in Table 1. 

Previous studies have demonstrated cause-to-effect links 

between exposure to pollutants and development of hepatic 

lesions and particularly, liver lesions in fish species are found 

to be effective. 

 
Table 1: Level of heavy metals (ppm) in different tissues (liver, muscle and kidney) of market catfish 

 

Tissues Elements Liver Muscle Kidney Permissible limits (WHO/FAO) 

Arsenic 3.13±0.24* 0.68±0.14 3.09±0.29* 1.00 

Cadmium 3.74±0.28* 0.24±0.06 4.45±0.42* 1.00 

Chromium 3.69±0.47* 2.103±0.43* 2.14±0.13* 0.05 

Copper 3.48±0.29 3.79±0.41 4.65±0.29 10.00 

Manganese 2.71±0.38 1.47±0.202 3.29±0.29 5.00 

Nickel 41.59±4.69 47.62±3.98 39.28±7.44 80.00 

Lead 11.12±1.37* 4.48±0.16 8.04±0.49* 5.00 

Zinc 67.78±2.78* 29.42±2.99 56.83±2.92* 50.00 

Values are Mean ± SE Values with* (in a column) reveal the concentrations of heavy metals above the certified limits. 
 

Biological markers of chemical exposures [25, 26]. The results 

of the present study are corroborated by the findings of 

Mahmoud and Abd El-Rahman. [27] Who noted similar hepatic 

variations in Clarias gariepinus and Mugil capito, inhabiting 

Manzalah Lake (Egypt) which included necrosis and 

degeneration of cells in C.gariepinus and hemolysis, 

haemorrhage and edema in M. capito. The alterations in liver 

of both the fish species might be the effect of pollutants which 

entered the lake with the drainage water as reported by Tayel 

et al. [28] the presence of necrosis is one of the most visible 

damages in tissues affected by pollutant [29]. The occurrence 

of necrosis is also the consequence of enzyme inhibition, 

damages in the cell membrane integrity and disturbances in 

the synthesis of proteins and carbohydrate metabolism [30]. 

Likewise, under laboratory conditions, Begum et al. [31] 

studied liver histology of C. batrachus after 28 days of 

exposure to sub-lethal concentrations of cadmium and 

chromium. Several degenerative changes such as atrophy of 

hepatocytes, shrunken and displaced nuclei, aggregation of 

nuclei and vacuolation of hepatocytes in cadmium-exposed 

fish, whereas, chromium-exposed fish showed alterations 

such as irregularly-shaped hepatocytes with pyknotic, 
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atrophied and necrosed nuclei. Morphological changes 

observed in the nucleus of hepatocytes are the evidence that 

this organelle can accumulate metals more intensely than 

other cellular organelles as proposed by Heath. [32] Similarly, 

Aly et al. [33] exposed C. garipinus (catfish) to acute lethal 

concentration of lead acetate for two weeks and found 

numerous histopathological alterations such as vacuolar 

degeneration, necrosis, hemolysis of erythrocytes and 

perivascular aggregations in liver tissue. Patnaik et al. [9] too, 

observed vacuolization, metal accumulation, many necrotic 

areas and pyknosis in the liver of Cyprinus carpio communis, 

following exposure to sub-lethal concentrations of lead and 

cadmium. Chavan and Muley. [34] Also, exposed C. carpio to 

sub-lethal concentration of lead acetate for 30 days and 

examined cytoplasmic vacuolation, intravascular haemolysis 

in blood vessels, focal necrosis, dilation and congestion in 

sinusoids and venules and cellular degeneration. 

 

3.2 Muscle 

Histological study of muscle tissue of catfish (C. batrachus) 

exhibited prominent alterations like degeneration of muscle 

fibres and many dystrophic changes (Fig. 2A, 2B). 

Aggregation of inflammatory cells, intercellular edema and 

separation of muscle bundles were also identified (Fig. 2C, 

2D). Atrophy of muscle bundles was also observed (Fig. 2E, 

2F).The results indicate that the alterations in muscle tissue of 

C. batrachus may probably be due to significantly high 

concentration of chromium and their accumulation beyond the 

prescribed limit in the muscle tissue (Table 1).  

 

   
 

    
 

Fig 1: Transverse sections of liver (catfish) stained with H&E: (A, B) showing MN (mild necrosis), PN (pyknotic nuclei), CD (cytoplasmic 

degeneration) and IL (infilteration of leukocytes) at 100X and 400X. (C) Liver showing BBV (branching of blood vessels), AER (aggregation of 

erythrocytes) and HP (heterogenous parenchyma) at 100X. (D, E, F) liver showing NP (nuclear pleomorphism), FN (focal area of necrosis) and 

PN (pyknotic nuclei), NA (necrotic areas) and ND (nuclear degeneration), PNA (pyknotic nuclei aggregation) and HN (hypertrophy of nuclei) at 

400X magnification. 
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Fig 2: Vertical sections of muscle (catfish) stained with H&E [A, B] Section showing DMF (degeneration of muscle fibres) and DC (dystrophic 

changes) at 100X and 400X, respectively. [C, D] Section showing AIC (aggregation of inflammatory cells), IE (intercellular edema) and SPMB 

(separation of muscle bundles) at 100X and 400X, respectively. [E, F] Section showing AMB (atrophy of muscle bundles), SE (severe edema) 

and DMB (degeneration of muscle bundles) at 100X and 400X magnification, respectively. 

 

   
 

   
 

Fig 3: T.S. of kidney (catfish) stained with H&E - (A, B) showing DSRE (desquamation of renal epithelium), IICS (increased inter-cellular 

spaces) between renal tubules and PN (pyknotic nuclei) at 100X and 400X magnification, respectively. (C, D) showing BN (balloon necrosis), 

SCN (single cell necrosis) and HR (hemorrhage), TS (tubular shrinkage), DORT (disorganization of renal tubules) and V (vacuolization) at 

100X magnification. (E, F) showing HS (hemosiderosis), N (necrosis) and PN (pyknotic nuclei) at 100X and 400X, respectively. 
 

Since, fish fauna is an important component of the food chain 

and effect of pollutants on them, in the due course, would 

have adverse impact on the nutritive value of fish and on man 

through its consumption. Our results on muscle histology are 

in consonance with the findings of Dhevakrishnan and 

Zaman. [35] Who found numerous pathological alterations, 

induced by Cauvery river pollutants in muscle tissue of Labeo 

rohita which included disorganization of muscle bundles, 

severe intra muscular edema and necrosis of muscle bundles. 

All these changes indicated the fish under high environmental 

stress, due to more polluted region receiving effluents from 

industrial complex. However, severe changes such as edema 

and splitting of muscle fibres are found in muscles of C. 

gariepinus collected from El-Rahawy drain (Egypt) which 

might have occurred due to the high heavy metal 

concentrations in water and their accumulation in fish muscles 
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[36]. Similarly, degeneration of muscle bundles along with the 

aggregation of inflammatory cells between them, focal areas 

of necrosis, vacuolar degeneration in muscle bundles and 

atrophy of muscle bundles have been noted in Tilapia zilli 

exposed to different pollutants in Lake Qarun [37]. 

Patnaik et al. [9] studied the same in C.carpio under laboratory 

conditions, following exposure to sub-lethal concentrations of 

lead and cadmium. The authors reported many remarkable 

changes such as separation of muscle bundles, intramuscular 

edema and marked dystrophy. The results of present study are 

also corroborated by the findings of Abbas and Ali [38], who 

noticed various histological variations such as, destruction 

and vacuolation in the muscle cells of Oreochromis species, 

following exposure to chromium.  

 

3.3 Kidney 

Kidney is an important organ for the maintenance of 

homeostasis with respect to water and salts, metabolic waste 

excretion from blood and partially for the metabolism of 

xenobiotics [16, 39]. The effect of pollutants on fish kidney has 

been studied in some species and the severity of damage 

observed depends on the sensitivity of the species to the 

substances released into the environment [40]. 

In the present work, histology of kidney of market catfish 

exhibited desquamation of renal epithelium, increased inter-

cellular spaces between renal tubules and pyknosis (Fig 3A, 

3B). Some renal tubules are characterized by balloon necrosis, 

single cell necrosis, hemorrhage, tubular shrinkage. Glomeruli 

showed disorganized blood capillaries and vacuolization (Fig 

3C, 3D). Hemosiderosis was also observed in renal tissue (Fig 

3E, 3F). The histopathological alterations noticed in the 

kidney may be correlated with accumulation of heavy metals 

such as arsenic, cadmium, chromium, lead and zinc recorded 

in the tissue beyond the prescribed limit by WHO/FAO as 

depicted in Table 1. 

The observations of present investigation are supported by the 

work of Mahmoud and Abd El-Rahman. [27] Who noted, 

degeneration, focal-necrosis, fibrosis in kidney tubules in the 

kidney of C. gariepinus and M. capito fish collected from El 

Manzalah Lake. These changes were attributed to the fact that 

kidney is one of the principal sites of detoxification in fish 

body as well as impaired blood supply due to toxic action of 

different pollutants in the lake, including heavy metals. 

Severe renal lesions were also reported by Tayel et al. [28] 

which included, disruption of tissue, hemorrhage and 

hemosiderosis in kidney of Mugil cephalus and M. capito, 

procured from Lake Manzala (Egypt). However, 

Dhevakrishnan and Zaman. [35] Recorded many pronounced 

histological variations such as, tubular shrinkage, 

degeneration of tubular epithelium, atrophy of renal tubules 

and formation of inter-cellular spaces in L. rohita, in response 

to Cauvery river pollutants. 

Our results are also supported by the findings of Shah et al. 
[41] who studied cadmium-induced histological damage in 

kidney of freshwater catfish (Heteropnuestes fossilis). The 

authors noticed an increase in structural deformities such as, 

necrosis, loss of lumen, disorganization of renal tubules and 

obliterated lumen which might be due to bioaccumulation of 

cadmium in kidney. Similarly, histopathological changes i.e. 

enlargement of renal tubules, desquamation of epithelial 

lining, hypertrophied nuclei, edema, dilation of renal tubules, 

severe necrosis, pyknotic nuclei, vacuolization, disorganized 

blood capillaries in glomerulus were induced in kidney of 

Channa punctatus following exposure to sub-lethal 

Concentration of zinc [42]. The authors suggested that 

bioaccumulation of zinc would probably impair the 

detoxification mechanism of renal tissue and cause 

histopathological alterations in it. Likewise, Rana et al. [43] 

noted various changes such as aggregation of inflammatory 

cells, dilation in capillary tubes of renal tubules and hemolysis 

in kidney of C. carpio, following exposure to chromium at 

sub-lethal concentrations. 

 

4. Conclusion 
In conclusion, severe histological alterations were observed in 

major target organs (liver, muscle and kidney) of C. 

batrachus, which could be attributed to the significant 

bioaccumulation of toxic heavy metals in these tissues beyond 

the prescribed limits of WHO/FAO. Hence, there is a 

substantial need to understand the metal accumulation and its 

toxicity of different metals in various fish species as it forms 

the major source of protein all over the world. There should 

be stringent laws and policies to check the discharge of 

industrial effluents in freshwater bodies so as to avoid the 

contamination of water resources. 
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