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Abstract: Nickel chloride, heavy metal widely used in industries was investigated in the present study for histopathological studies in 
silver carp (Hypophthalmichthys molitrix).  Fish were exposed for 10, 20 and 30 days in sublethal concentration of nickel 5.7 mg/l. 
The histopathological changes were studied in the gill, liver, intestine and kidney of the nickel treated freshwater fish H. molitrix. The 
nickel showed a tissue specific alteration in the tissues. Mucus proliferation, fusion of the gill lamellae and hypertrophy of gill tissues 
were observed. Lack of normal palisade arrangement was followed by necrosis in hepatocytes. Degeneration of blood vessels, 
vacuolation, hypertrophy, pyknotic nuclei and lesion were observed in liver tissues. Degeneration of tubular cells, hyperplasia was 
observed in kidney tissues. 
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Introduction 
 

In the recent years, industrial development and 
agricultural process have resulted in the increased levels of 
toxic metals in the environment, although relatively high 
concentrations can also occur naturally (Lopez Alonso et al., 
2002). Nickel is introduced into the hydrosphere by removal 
from the atmosphere, by surface run-off by discharge of 
industrial and municipal waste, and also following natural 
erosion of soils and rocks (Babukutty and Chacko, 1995). Ni 
has not been considered a broadscale global contaminant; 
however, ecological changes, such as a decrease in the 
number and diversity of species, have been observed near Ni-
emitting sources (IPCS, 1991; Papachristou et al., 1993). Fresh 

water levels of Ni are typically about 1-10 µg l-1 in unimpact 
areas (USEPA, 1980; Eisler, 1998; Chau and Kulikovsky-
Cordeiro, 1995). Ni concentrations in highly contaminated fresh 

waters may reach as high as several hundred to 1000 µg l-1 
(Eisler, 1998). 
 

 Histopathology is used to study the impact of toxic 
materials as it provides the real picture of the toxic effects of 
xenobiotics in vital functions of a living organism. Toxicants 
produce pathological changes on fish such as necrobiotic in the 
liver, tubular damage of kidney and gill lamellar abnormalities 
(Ramalingam, 1985). The gill lesions in fish induced by 
toxicants are mediated through inflammation on central 
regulatory systems (Part et al., 1982). Chromium induced the 
marked ultrastructural alterations in the microridges, swelling of 
primary and secondary gill epithelia, oedema and fusion of 
secondary lamellae and degeneration of epithelial cells of the 
catfish, Saccobranchus fossils (Khangarot and Tripathi, 1990).  
 

 Histopathological studies with light microscopy and 
electron microscopy are necessary for the description and 
evaluation of potential lesions in aquatic animals exposed to 
various toxicants (Meyers and Hendricks, 1985). Present study 

was aimed to analyze the impact of nickel induced 
histopathological changes in the different tissues like gill, liver, 
intestine and kidney of the freshwater fish Hypophthalmichthys 
molitrix. 

 

Materials and Methods 
 

Healthy specimens of H. molitrix measuring 5.5 ± 0.5 
cm length and 6.0 ± 1.0 g weight were collected from Poondy 
reservoir near Chennai and brought to the laboratory in well- 
aerated containers. The specimens were reared in the 
laboratory using glass aquaria containing dechlorinated tap 
water. Fish were fed ad libitum with artificial food (Santhanam et 
al., 1981). The fish were acclimatized to the laboratory 
conditions for 15 to 20 days prior to experimentation. LC50 
concentration and sublethal concentration were derived for 
nickel based on APHA (1992). Twenty fishes were exposed to 
10, 20 and 30 days a trough containing 10 liters of water having 
sublethal concentration of nickel 5.7 mg/l. After 10, 20 and 30 
days fish were taken out, sacrificed and the portions of gill, liver, 
intestine and kidney were excised out. The tissues were fixed in 
Bouin's fluid and further processed (Gurr, 1959). The slides 
were screened for histopathological changes and were 
microphotographed. 

 

Results and Discussion 
 

Structure of gill in H. molitrix consists of highly vascular 
plate like structures called primary and secondary lamellae. The 
secondary lamellae are equally spaced and have long columnar 
structures with intact cellular layer, attached at their bases with the 
primary lamellae and are free at their distal ends. The normal 
secondary lamellar epithelium is simple consisting of a thin single 
or double sheet of epithelial cells, blood vessels and a row of 
pilaster cells (Fig. 1). Toxic effects are often due to physical 
changes in the tissue at the cellular or ultra structural levels and 
can only be speculated upon, unless they are visualized. 
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 Heavy metal nickel enters the blood circulation of the 
fish through the gill or mucous epithelium of the mouth and finally 
finds their way into different tissues of the body where they affect 
normal metabolism. In H. molitrix, the dissolved heavy metal Ni 
causes irritation to the gill during respiration. Gill is the primary site 
of osmoregulation and respiration in aquatic vertebrates. It is the 
main target organ, which gets affected easily when the organism 
is exposed to dissolved heavy metal. 
 

 The gill of the fish H. molitrix treated with Ni after 10 
days of exposure minimum changes were observed. The infused 
secondary lamellae were thinner compared to their control. The 
epithelial cells were seen in between the fused secondary 
lamellae. In 20 days treated fish, pronounced changes like 
distortion of secondary lamellae, hypertrophy of gill filament and 

hyperplasia of epithelial surface were noticed. In fish treated up to 
30 days, the changes observed in the gill of H. molitrix were 
severe erosion and degeneration of gill epithelium and 
aggregation of blood corpuscles. Fusion of the boundary of the 
secondary lamellae increased with exposure periods (Fig. 1). 
The mechanism of toxicity of Ni is likely similar to that of other 
transitional metals such as Cu, Cd, Co, and Pb and could be 
related to its activity in enhancing lipid peroxidation, a widely 
accepted general mechanism for cellular injury and death 
(Halliwell and Cross, 1994; Ne`ve et al., 1995; Carter, 1995; Lin 
et al., 1996). 
 

            Many aquatic pollutants are assayed for their deleterious 
effects on the cellular ultra structure of the gill epithelium 
(Bunton and Poynton, 1991; Sathe et al., 1997). Wenkuan et al.,

 
 

 
 

Fig. 1: Histopathological lesions in Hypophthalmichthys molitrix exposed to nickel at different durations.  
a) Control gill; PL- Primary lamellae, SL- Secondary lamellae.  
b) 10 days treated gill; SLF- Secondary lamellae fusion. 
c)  20days treated gill; DS- Distortion of secondary lamellae, HT-Hypertrophy, HP-Hyperplasia. 
d) 30 days treated gill; ES- Erosion of secondary lamella, AB- Aggregation of blood corpuscles. 
e) Control liver; H-Hepatocyte. 
f) 10days treated liver; DBV- Degeneration of blood vessels, HT- Hypertrophy. 
g) 20 days treated liver; V- Vacuolisation , DBV- Degeneration of blood vessels, N- Necrosis. 
h) 30days treated liver; APN- Accumulation of pyknotic nuclei, N- Necrosis. 

Continued to next page…. 
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i) Control intestine; ML- Mucous layer, CE- columular epithelium. 
j) 10 days treated intestine; RE- Reduction of epithelial cells, NEC- Necrosis. 
k) 20 days treated intestine; RML-Rupture of muscular layer,NP-Necrosis were prominent; EV-Erosen of villi. 
l) 30 days treated intestine; L- Loss of longitudinal, VA- vacuolization, HC- Histolysis of columular cells. 
m) Control kidney; G-Glomeruli, UT- Uriniferous tubules. 
n) 10days treated kidney; HT-Hypertrophy, HP-Hyperplasla, HL-Haemolysis. 
o) 20 days treated kidney; V- Vacuolization, KL-Karyolysis. 
p) 30days treated kidney; RC- Ruptured cell, PY- pyknotic nuclei.  
 
(1994) reported on the gill histopathology of H. molitrix infected 
with dactylogyriasis; the various histological changes were 
observed. Nath and Kumar (1989) exposed tropical fresh water 
perch (Colisa fasciatus) to approximately 14 mg Ni l-1 in hard 
water (172 mg l-1 as CaCO3) and observed massive damage to 
gill architecture. Huges and Perry, 1976; Huges et al., 1979 
found that among cadmium, chromium and nickel, only nickel 
had a concentration-dependent deleterious effect on the 
diffusing capacity of the gill and its ability to function in gas 
exchange. High contents of suspended solids present in the 
electroplating effluent might have caused the mortality, by 
blocking the gills of the experimental fish as reported by Kondal 
et al. (1984). 
 

Renal and hepatic histopathological responses can 
provide valuable information regarding the sublethal chronic 
effects associated with contaminant exposure in fish (Hinton et 

al., 1992; Schwaiger et al., 1997; Bernet et al., 1999).  Liver is 
the center for metabolism and detoxification in piscine body. 
The occurrence of hepatocellular congestion and necrosis 
observed in the liver of the treated fish. On chronic exposure to 
Ni the liver exhibited several pathological changes. It is linearly 
proportional to exposure period and concentration of metal. After 
10 days of Ni treatment, degeneration of blood vessels, 
vacuolization and hypertrophy were observed. The hepatocytes 
appeared swollen after treatment for 20 days. The liver showed 
acute inflammation including rupturing of hepatocytes, necrosis, 
vacuolization of tissue and degeneration of blood vessels. At the 
end of 30 days exposure, the liver tissue had lost the 
cytoplasmic density and appeared opaque in many areas. 
Accumulation of pyknotic nuclei, degeneration of vacuoles, and 
necrosis with sinusoidal lesions was the maximum alterations 
observed (Fig. 1). Reductions in the size of fish liver (Bunton and 
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Poynton, 1991) have been reported. Zhou et al. (1999) revealed 
that the ultrastructural changes in the liver were characterized 
by severe enlargement of hepatocytes. Climbing perch 
(Anabas testudineus) exposed to water borne Ni exhibited focal 
necrosis chracterised by hepatocytes with altered nuclear 
positioning and pycnotic nuclei ruptured hepatocytes and loss 
of cord structure (Jha and Jha, 1994). 
 

The intestine in the control fish had a normal lining of 
simple mucoid columnar epithelium, which is visible as long 
folds with submucosa overlying the folds having eosinophilic 
granule cells, and is limited by dense mucosa and fibroblastic 
layer. In H. molitrix treated with Ni for a period of 10 days, 
necrosis of epithelial cells and reduction in the length of the 
intestinal folds were obvious. On 20 days of exposure, 
flattening of intestinal folds, rupture of muscular layer, reduction 
of villi and necrosis were prominent. In 30 days treated fish, 
changes, like degeneration of peritoneal lining, the loss of 
longitudinal, vacuolization, histolysis of columnar cells and 
reduction of villi were the other marked changes (Fig. 1). 
Histopathology of intestine in caged and feral freshwater fish 
revealed lifting of columnar epithelium of villi and hyperplasia as 
responses constituting the defence mechanisms of fish when 
exposed to the toxicants (Tuvikene et al., 1999).  
 

The kidney plays a principal role in the accumulation, 
detoxification, and excretion of Ni and is considered to be a 
target organ for Ni toxicity (WHO, 1991; Eisler, 1998). The most 
marked histological alterations were observed in posterior 
kidneys of white fish fed high dose diets, indicating that kidney 
may be a target organ for Ni toxicity (Ptashynski and 
Klaverkamp, 2002). In the control fish, the trunk kidney involved 
in excretory functions is formed by a large number of nephrons 
each having a renal corpuscle. The corpuscle is the proximal part 
of the tubule, which consists of two parts, a glomerulus and a 
capsule. The histopathological abnormalities in kidney of H. 
molitrix were time dependent. The kidney of fish treated with Ni 
for 10 days, exhibited tubules with hyperplasia and 
hypertrophic nuclei and haemolysis of erythrocytes. In fish after 
20 days of exposure the tubules were seen with 
cytoplasmolysis, karyolysis and vacuolization. At end of 30 
days treatment, ruptured cells, syncytical condition and 
pyknotic nuclei with aggregation of nuclei were seen due to the 
damage of plasma membrane. The glomerulus structure was 
disruptured, and the convoluted and uriniferous tubules are 
enlarged. 
 

 The evidence of nephrotoxicity indicated by changes 
such as pyknotic nuclei, microvacuole degeneration, shrinkage 
of glomeruli, swelling, and necrosis of the tubular epithelium in 
the second proximal tubule were reported by Casillas et al. 
(1983), these changes closely agree with the present findings. 
The most striking effect in kidney of metal treated fish was the 
enlargement of the lumen in the proximal and distal tubules due 
to hypertrophy. Disruption of the tubular cells resulted as the 
kidney had been induced to function actively under pollution 
stress to eliminate the toxicants. The results of these studies 

may provide guidance to selection of tissues to be considered in 
the field biomonitoring efforts designed to detect the 
bioavailability of Ni and early-warning indicators of Ni toxicity in 
fish. 
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