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Abstract: - Nitrite compound exerts environmental stress on fish. High levels of nitrite in water results in high 

stress levels leading to hyperventilation, elevated heart rate, increased blood pressure in fish. The present study 

was to evaluate the histopathological changes in liver exposed to nitrite toxicity during 7
th

, 14
th

, 21
st
 , 28

th
 , and 

35
th

 , days respectively. Morphological structure of liver of Cirrhinus mrigala was presented in (Ph. m. 8). In the 

control fish, the liver showed hepatic cells located with central nucleus and homogenous cytoplasm. During 

acute treatment the liver exhibit disintegration of parenchymal cells, extensive vacuolation of parenchymal 

hepatocytes, degenerative cell and organelles and lumen with necrotic cells (Ph. m. 9). During sublethal 

treatment liver showed enlargements of hepatocytes, disintegration of cell boundaries of intercellular spaces, 

nuclear degeneration with pyknotic nucleus were noticed at the end of 7
th

 day (Ph. m. 10). At the end of 14
th

 

day, disintegration of hepatocytes and necrosis of parenchymatous tissue noticed. The cell undergo necrosis or 

apoptosis. It is followed by karyorrhexis or fragmentation of the nucleus (Ph. m. 11). The above said structural 

changes were severe at the end of 21
st
 and 28

th
 , exposure period (Ph. m. 12, 13). Complete rupture of hepatic 

cells, vacuolar degeneration, intercellular edema, were observed at the end of the treatment period (Ph. m. 14). 
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I. INTRODUCTION 
Nitrite toxicity to fish depends on the rate of nitrite accumulation, temperature, duration of exposure 

and ability of detoxification (Jensen 2003), and also depends on large number of factors, the most important is 

water chemistry especially chloride concentration (Lewis and Morris, 1996; Svobodova et al., 2005b). Aquatic 

organisms are normal, adapted to relatively low levels of nitrite in natural ecosystem often and natural 

concentration of inorganic nitrogenous compounds usually are not elevated. Therefore high levels of nitrite, 

nitrate and ammonia, are derived from human activities, are in pain and the ability of aquatic animals to service, 

grow and reproduce, resulting in direct (acute or chronic) toxicity of these in the nitrogenous compounds. An 

elevated ambient nitrite concentration is a potential problem for fresh water fish since nitrite is actively taken up 

across the gills in competition with chlorides. It is also well known toxicant for fish as well as a disrupter of 

multiple physiological functions including ion regulatory and respiratory, cardiovascular, endocrine and 

excretory processes (Eddy and Williams, 1987; Camargo et al., 2005a, Jesnen 2003, Camargo et al., 

2005b).Nitrite is an intermediate component of nitrogenous compound and is a naturally occurring inorganic salt 

found in industrial effluent as a by product of corrosion inhibitors, production of explosives and used 

extensively in agriculture for crop fertilization. When used at low doses nitrite is toxic (Jensen 2003). 

Histological changes in animal tissues provide a rapid method to detect effects of irritants, especially chronic 

ones, in various tissues and organs (Bernet et al., 1999). The potential utility of biomarkers for monitoring both 

environmental quality and the health of organisms inhabiting in the polluted ecosystem has received increasing 

attention the last years. Fish are useful experimental models that have been widely used to evaluate the health of 

aquatic ecosystems and toxicologic pathology (Korkmaz et al., 2009). Histopathological analysis has already 

been tested and proposed as an efficient and sensitive tool to the monitoring of fish health and environmental 

pollution in natural water bodies (Teh et al., 1997; Steniford et al., 2003). Histopathology is an important 

component of several measures of fish health and histopathological markers have been recommended for field 

application, more often as a generalized, nonspecific response to several stressful stimuli (Teh et al., 1997).  

In fish among various organs liver plays an important role in vital functions in basic metabolism and it is the 

major organ of accumulation, biotransformation, and excretion of contaminants in fish (Wu et al., 2008). 

Histopathology of fish liver is a monitoring tool that can provide an assessment of the effects of environmental 

stressors on fish populations, and it was proposed to be one of the most reliable (Hinton and Lauren, 1990; 

Fernandes et al., 2008). Brusle et al. (1996) stated that fish liver histology could serve as a model for studying 

the interactions between environmental factors and hepatic structures and functions. Changes in liver histologic 

structure testify the development of cirrhosis or lipoid degeneration of liver (Moiscenko, 2005). Battacharya et 

al. (1975) in Clarias batrachus and Konar (1970) in Labeo rohita observed histopathological changes in liver like 
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liver cord disarray, vacuolization and necrosis of liver treated with endrin, industrial pollutants and sevin, 

respectively. Pane et al. (2004) observed a significant contraction of the lamellar vasculature following 

tributylin compounds and nickel. Histological changes in liver of Oreochromis mossambicus exposed to 

cadmium and zinc shows hyalinization, hepatic vacuolation cellular swelling and congestion of blood vessels 

(Van Dyk et al., 2007). Pathological findings in the liver of fish exposed to mercury include lipid peroxidation 

with enhanced content of ceroid/lipofucsin, necrosis, increased number and size of macrophage aggregates or 

alterations in cytoplasmic organization (Meinelt et al., 1997; Oliveira-Ribeiro et al., 2002). Similar results have 

also been reported by many authors (Rabito et al., 2005; Venkateshwara Rao, 2006; Coimbra et al., 2007; 

Korkmaz et al., 2009). 

 

II. MATERIALS AND METHODS 
Histopathological profiles of liver were studied by the methods Pearse (1968), Roberts (1978) and 

Humason (1979). The changes in physico-chemical characteristics, such as temperature, pH, Dissolved oxygen, 

alkalinity, hardness, salinity, calcium and magnesium of experimental water were recorded throughout the 

experimental period. Freshwater fish Cirrhinus mrigala, weighing 5.0-6.0 gm and measuring 7-8 cm were 

collected from Tamilnadu fisheries development corporation limited, Aliyar fish farm, Aliyar, Tamilnadu, India. 

Fish of same age and size which hatched from the same lot of eggs were collected, the age of fish being 2 to 3 

months old.  They were safely brought to the laboratory in well packed polythene bags containing aerated water 

and stocked in a large cement tanks (36’ x18’x19’). Fish were acclimatized for about 20 days before the 

commencement of the experiment. During acclimatization period, fish were fed with ad libitum, with rice bran 

and ground nut oil cake in the form of dough once in daily. Water replaced every 24h after feeding in order to 

maintain a healthy environment for the fish. This ensures sufficient oxygen supply for the fish and the 

environment is devoid of any accumulated metabolic waste. The feeding was withheld for 24h before the 

commencement of the experiment and to keep the specimens in the same metabolic state. The fish were 

introduced into glass aquarium (26’x18’x18.5’) cm which was washed thoroughly and maintained in the 

laboratory. Separate circular plastic tubs of 50 litres of water capacity were taken and different concentrations of 

nitrite were added. 10 healthy fishes were introduced into each tub. A control tub (no toxicant) with 50 litres of 

water and 10 fishes were also maintained. Three replicates were maintained for each concentration groups. The 

mortality/ survival of fish in control and nitrite treated tubs was recorded after 24h and the concentration at 

which 50% mortality of fish occurred was taken as the median lethal concentration (Lc50) for 24h. Sublethal 

values were found to be 28.31 ppm. For histopathological studies fish were treated with nitrite and various steps 

were followed for this study. Fixation, washing, dehydration, clearing, infiltration, embedding, sectioning, 

staining. 

 

FIXATION 

            The kidney were dissected out from the control and nitrite treated fish were cut into bits of 1 to 2 cm in 

diameter. These tissues were immediately put in Bouin’s fluid for 24h to avoid post-mortem changes and 

shrinkage during further process like dehydration, embedding and sectioning. 

 

WASHING 

         After fixation the tissues were taken and the excessive fixative was removed by transferring the tissues to 

50% alcohol (to prevent interference with subsequent process). 

 

DEHYDRATION 

          In dehydration process the tissues were put into alcohol series like 30%, 50%, 70%, 90% and absolute 

alcohol and duration of 30 min. was given in each alcohol series. To ensure complete removal of water from the 

tissues a minimum of two or three changes were given in absolute alcohol at an interval of 30 minutes. 

 

CLEARING 

           During clearing alcohol was replaced from the tissues by using a clearing agent xylene. The tissues were 

kept in xylene for about 30 min to 1h until they become transparent. 

 

INFILTRATION 

           During infiltration the tissues were kept in a paraffin embedding bath (metal cups filled with paraffin at 

58-60
0
C). Then the tissues were transferred directly from xylene to molten paraffin. A minimum of three 

changes were given in paraffin wax with 30 minutes duration in each. 
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EMBEDDING 

         For embedding, L blocks were filled with molten paraffin wax. Then the tissues were placed with proper 

orientation. After embedding process, the blocks were kept in water overnight to ensure complete solidification. 

Finally, blocks were removed for sectioning. 

 

SECTIONING 

         Tissues were cut with 7µ thickness using a rotator microtome. Then the sections were spread on a glass 

slide using egg albumin as an adhesive. After complete spreading, the sections were placed in an oven overnight 

at 37
0
C and the sections were taken for staining. 

 

III. STAINING 
            During staining paraffin wax from the sections was removed by dewaxing using xylene. Then the 

sections were hydrated by immersing in descending grades of alcohol (absolute alcohol, 90%, 70%, 50%, 30%) 

for about 1-2 min. in each. Then, the sections were stained in Heidenhain’s iron 

haematoxylin stain for 2 to 5 min, washed in tap water until the sections become bluish black in colour and then 

stained in 1% Eosin. 

          For destaining, 1% iron alum was used. The sections were dehydrated through ascending grades of 

alcohol (30%, 50%, 70%, 90%, absolute alcohol) for about 5 sections in each. Subsequently, the sections were 

cleared in xylene and mounted permanently with cover glass using DPX mountant. The histological results of 

gills of fish from control and nitrite treated were given as photomicrographs in appropriate places in the text. 

 

IV. RESULTS 
Morphological structure of liver of Cirrhinus mrigala was presented in (Ph. m. 8). In the control fish, 

the liver showed hepatic cells located with central nucleus and homogenous cytoplasm. During acute treatment 

the liver exhibit disintegration of parenchymal cells, extensive vacuolation of parenchymal hepatocytes, 

degenerative cell and organelles and lumen with necrotic cells (Ph. m. 9). During sublethal treatment liver 

showed enlargements of hepatocytes, disintegration of cell boundaries of intercellular spaces, nuclear 

degeneration with pyknotic nucleus were noticed at the end of 7
th

 day (Ph. m. 10). At the end of 14
th

 day, 

disintegration of hepatocytes and necrosis of parenchymatous tissue noticed. The cell undergo necrosis or 

apoptosis. It is followed by karyorrhexis or fragmentation of the nucleus (Ph. m. 11). The above said structural 

changes were severe at the end of 21
st
 and 28

th
 , exposure period (Ph. m. 12, 13). Complete rupture of hepatic 

cells, vacuolar degeneration, intercellular edema, were observed at the end of the treatment period (Ph. m. 14). 
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V. DISCUSSION 
Liver being the main organ of various key metabolic pathways, toxic effects of chemicals usually 

appear primarily in the liver (Benli et al., 2008). The organ most associated with detoxification and 

biotransformation process is the liver, and due to its function, position and blood supply (Van der Oost et al., 

2003). It is also one of the organs most affected by contaminants in the water (Rodrigues and Fanta, 1998). 

Stentiford et al. (2003) and Stehr et al. (2004) observed that toxicopathic liver lesions in fish species are 

effective biological markers of chemical exposures. In the present study during acute and sublethal treatment the 

liver of Cirrhinus mrigala showed various alterations such as irregular shaped nuclei, nuclear hypertrophy, 

nuclear vacuolation and vacuolization of the hepatocytes. Similarly, cytoplasm and nuclear degeneration were 

also noticed. Anomalies, such as irregular shaped hepatocytes cytoplasmic vacuolation and nucleus in a lateral 

position, close to cell membrane, were described in the Siluriform corydoras and Paleatus contaminated by 

organophosphates pesticides (Fanta et al., 2003). Histological response in zinc exposed specimens with the most 

prevalent histological characteristics identified being hyalinization of hepatocytes, increased vacuolation 

associated with lipid accumulation, congestion of blood vessels, and cellular swelling (Hinton and Lauren, 1990; 

Van Dyk et al., 2007). The hexavalent chromium exposure exhibited marked degenerative changes in the liver 

tissues (Mishra and Mohanty, 2008). The presence of necrosis is in the fact one of most visible damages in 

tissues affected by a pollutant (Rabitto et al., 2005; Mela et al., 2007). Pacheco and Santos (2002) described 

increased vacuolization of the hepatocytes as a signal of degenerative process that suggest metabolic damage, 

possibly related to exposure to contaminated water. 

Non-neoplastic lesions, such as cellular and nuclear polymorphism have been considered as an initial 

toxicopathic lesion resulting from exposure to toxic agents (Stentiford et al., 2003). Hepatocellular necrosis has 

been observed as most pronounced in fish collected in contaminated ecosystems and was considered as  

response to metal exposure (Olojo et al., 2005). According to Schmalz et al. (2002) the presence of necrotic 

areas in liver of Fundulus heteroclitus exposed to mercury and other heavy metals was related to the increase of 
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an inflammatory response and formation of MMCs. Au (2004) reported that histopathological lesions in liver 

are not specific to pollutants; nevertheless there are numerous reports of histo-cytopathological changes in liver 

of fish exposed to a wide range of organic compounds and heavy metals (Braunbeck, 1998; Jimenez-Tenorio et 

al., 2007). Agents that produce liver injury can be placed in two broad categories (Klatskin, 1969), those agents 

that produce toxic hepatitis and those that produce drug-induced hepatitis. According to Plaa (1980), the 

substance that produce toxic hepatitis have the following common characteristics: (1) they produce a distinctive 

lesion, (2) the severity of the lesions seems to be related to the dose administered (3) while quantitive 

differences in potency can be found among individuals, generally the same lesion can be produced in all 

individuals and (4) they usually appear after a predictable, usually brief, latent period. The factors which are 

involved in liver injury are biotransformation of toxicants, alteration of hepatic blood flow and potentiation of 

hepatotoxicity. The occurrence percentages of the histopathological changes in the livers are more widespread 

(Ayas et al., 2007). 
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