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ABSTRACT
Indian flying barb, Esomus danricus, a teleost fish commonly inhabiting fresh waters of northern India, was exposed to
three sublethal doses of 0.005, 0.0025 and 0.001 µgl-1 Cu for 28 days and the histological sections of liver, stained by
haematoxylin-eosin, were observed under light microscope. Liver showed several reactions including necrosis, fat filled
cytoplasm/ foamy hepatocyte cytoplasm, lymphocytic infiltration, portal triaditis and extensive degeneration of cytoplasm.
Higher doses of exposure had more severe effects on the liver.
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INTRODUCTION
Copper (Cu) is recognized as one of the major
environmental pollutants and produces toxic effects in
living organisms (Solomon and Lowery, 1993). It is a trace
metal essential for the human body and for many enzyme
systems. However, excessive exposure to high
concentrations of Cu can result in adverse health effects.
The maximum contaminant level of Cu in drinking water
is 1.3 mgL−1 (USEPA, 2002). Its persistence in the
environment and rapid uptake and accumulation in the
food chain contributes to its potential hazards. The risk of
Cu in the environment, especially in fish was observed by
Vutukuru et al., 2005. Cu is used in various industries like
textile, tanneries, paints, battery, laundry, copper ware and
piping for water distribution systems and find their way
into water bodies. The bottom sediments of aquatic
ecosystems often become reservoirs of such xenobiotics. It
is, therefore, very likely to affect the biota in general and
fishes in particular. In the present study, the Indian flying
barb, Esomus danricus (Hamilton-Buchanan), a common
teleost fish species of North India and economically
important both as ornamental and food fish is used for
histopathological studies. Exposure of fish to chemical
contaminants is likely to induce a number of lesions in
different organs (Bucke et al., 1996) including liver
(ICES, 1997). The monitoring of histological changes in
fish liver is a highly sensitive and accurate way to assess
the effects of xenobiotic compounds in field and
experimental studies. Heavy metals can either increase or
decrease hepatic enzyme activities and can lead to
histopathological hepatic changes, depending on type and
concentration, fish species, length of exposure and other
factors (Paris-Palacios et al., 2000). In the present study,
the liver of Indian flying barb is examined because it plays
a primary role in the metabolism and excretion of
xenobiotic compounds with morphological alterations
occurring due to toxicants (Rocha and Monteiro, 1999).

MATERIALS AND METHODS
Fish and experimental system
Fishes of similar length (46.77 ± 4.30 mm) and weight
(0.86 ± 0.16 g) were collected from unpolluted, freshwater
ponds near Assam University campus, Barak valley, South
Assam, India (Das and Gupta, 2009). They were
acclimatized under laboratory conditions seven days prior
to experimentation. Temperature, pH, hardness and
dissolved oxygen under laboratory condition were 29°C,
6.8, 30 mg l-1 and 5.5 mg l-1 respectively. Stock solution of
Cu was prepared from CuCl₂.2H₂O (Merck, Germany)
and serial dilutions were prepared using chlorine free tap
water as per dilution techniques (APHA, 2005). Static-
with-renewal acute toxicity tests were conducted with ten
fish in each graded concentration and 96 hours LC50 value
was found to be 0.01 µgl-1 in a prior study (Das and Gupta,
2010). Three sub lethal test concentrations viz., 0.005,
0.0025 and 0.001 µgl-1 Cu were selected for inducing
histological changes in fish liver.
Histology
Ten fish for each concentration of test chemical were kept
separately in three litres of toxicant treated media for 28
days. Food was given during the study period. Test water
was renewed every 24 hrs. After 28 days of exposure, fish
were sacrificed and liver were removed immediately and
kept in 10% Formalin, as fixative, for 24 h, dehydrated,
embedded in paraffin and sections cut at 5 µm thickness
and stained with Harris Haematoxylin and Eosin. Changes
induced by treatment in the liver tissues were
photographed and analyzed by light microscope at 10X
eye piece magnification and 40X objective magnification
{Olympus (model U-CMAD3) with Camera attachment of
Samsung (model SDC-313B)}.

RESULTS
On analysis of control liver (Fig. 1) of Esomus at 40X
magnification, a normal architecture was observed and
there were no pathological abnormalities. The hepatocytes
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present a homogenous cytoplasm and a large central or
subcentral spherical nucleus. The qualitative liver
histology in fish exposed to expose to 0.005µg l-1 of Cu
for 28 days, liver showed widespread ‘piecemeal’
necrosis. Portal triaditis with inflammatory portal tract
infiltration could be also be seen. Hepatic cells showed
fatty accumulation and central nucleus with fat filled
cytoplasm/ foamy cytoplasm were observed (Fig. 2). In
fish exposed to 0.0025µgl-1 Cu for 28 days, showed focal

lymphocytic infiltration, that is, chronic inflammatory
lymphocyte cells in portal triad. Extensive portal triaditis
with fibrosis was also well marked (Fig. 3). Liver of fish
exposed to 0.001µgl-1 of Copper for 28 days showed focal
fatty changes. The effect observed is less severe compared
to the higher doses of Copper (Fig. 4).In the liver,
histological changes observed were more pronounced in
fish exposed to higher Cu concentrations.

FIGURE 1: T.S of Control liver (400X) FIGURE 2: T.S of Liver exposed to 0.005µg l-1 Copper
(400X)

FIGURE 3: T.S of Liver exposed to 0.0025 µg l-1 Copper
(400X)

FIGURE 4: T.S of Liver exposed to 0.001µg l-1 Copper
(400X)

DISCUSSION
Histopathological investigations are a sensitive tool to
detect direct effects of xenobiotics and toxic chemicals
within target organs of fish (Schwaiger et al., 1996). Liver
of Indian flying barb is a relatively large organ. The colour
of liver is usually reddish brown. But at certain time of the
year it may be yellow colored or even off white. The liver
is located in the anterior abdomen. The liver being an
organ for metabolizing and eliminating toxicants shows
visible abnormalities in the treated organism. Functional
changes are known to be reflected in structural changes of
hepatocytes Schwaiger et al., 1996; Couch, 1975; Meyers
and Hendricks, 1982) which in turn can be used as

biomarkers to trace environmental pollution caused by
chemicals (Arias et al., 1988). In the present study, liver of
Esomus exposed to sublethal doses of Cu showed several
reactions including fatty changes in hepatocytes, liver cord
disarrangement, nuclear pycnosis and extensive
degeneration of cytoplasm, which are characteristic
abnormalities in fishes exposed to toxicants and well
supported by many workers(McCarthy and Shugart,1990;
Pourahamad and O'Brien, 2000) for metals, who found that
chronic metal accumulation in the liver of fish causes
hepatocyte lysis, cirrhosis and ultimately death. Studies in
Cyprinus carpio also showed a variety of changes in the
liver, resulting from exposure to copper sulphate (Varanka
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et al., 2001). Studies have shown that long-time ingestion
of water containing Cu greater than the maximum
contaminant level can lead to liver damage (Zietz et al.,
2003). Cu is also known to impair glycolysis in freshwater
fish, Labeo rohita (Radhakrishnaiah et al., 1992). Copper
also acts as an enzyme activator as it is incorporated into
enzymes like cytochrome oxidase, superoxide dismutase
(USEPA, 1987) The activity of these enzymes is
dependent on the adequate supply of metal but excess
copper can also inhibit the activity of enzymes. Copper
due to its redox potential generates oxidative stress
causing free radicals, which damages cellular components
like lipids by causing lipid peroxidation, DNA and
proteins (Vutukuru et al., 2005). Liver, along with gill and
kidney, are the main sites of metallothionein (MT)
production and metal retention (Gupta et al., 1991).  One
of the main reasons for the increased presence of Cu in
these organs is their capacity to accumulate this metal by
induction of the metal binding protein, MT, which is
believed to influence the uptake, distribution and toxicity
of Cu by binding to it (Klavercamp et al., 1984). The
present study, thus, establishes the tissue damaging effects
of Cu.

CONCLUSION
Thus, although copper is an essential metal, it is extremely
harmful to fish even at low doses.

REFERENCES
APHA (2005) Standard methods for the examination of
water and wastewater. 21st Edn., Washington, DC:
American Public Health Association, AWWA, WPCP.

Arias, I.M., Jacoby, W.B., Popper, H., Schachter, D., and
Schafritz, D.A. (1988) The Liver: Biology and
Pathobiology. Raven Press, New York.

Bucke, D., Vethaak, D., Lang, T., and Mellergaard, S.,
(1996) Common Diseases and Parasites of Fish in the
North Atlantic. Training Guide for Identification,
International Council for the Exploration of the Sea
Techniques in Marine Environmental Sciences:
Copenhagen.

Couch, J.A. (1975). Histopathological effects of pesticides
and related chemicals on the liver of fishes; in The
Pathology of Fishes. Ribelin, W. E. and G. Migaki (eds.),
pp 559-584, The University of Wisconsin Press.

Das, S. and Gupta, A. (2009) Biometrics and growth
features of Esomus danricus (Hamilton-Buchanan), from
Barak Valley, South Assam. J. Inland Fish. Soc. India, 41,
81-83.

Das, S. and Gupta, A. (2010) Acute toxicity studies on
Indian flying barb, Esomus danricus (Hamilton-
Buchanan), in relation to exposure of heavy metals,
Cadmium and Copper. J. Env. Res. and Dev, 4, 705-712.

Gupta, S., Athar, M., Behari, J.R. and Srivastava, R.C.
(1991) Cadmium mediated induction of cellular defense

mechanism: a novel example for the development of
adaptive response against a toxicant. Ind Health, 29:1–9.

ICES (International Council for the Exploration of the
Sea) (1997) Special Meeting on the Use of Liver
Pathology of Flatfish for Monitoring Biological Effects of
Contaminants, International Council for the Exploration of
the Sea: Copenhagen.

Klavercamp, J.E., McDonald, W.A., Duncan, D.A. and
Wagenann, R. (1984) Metallothionein and acclimation to
heavy metals in fish: a review; in Contaminants effects on
fisheries. Cairns, V.W. Hodson, P.V. and J.O. Nriagu
(eds.), pp 99-113, Wiley, New York.

McCarthy, J.F. and Shugart, L.R. (1990) Biomarkers of
Environmental Contamination. Lewis Publishers, Chelsea.

Meyers, T.R. and Hendricks, J.D. (1982) A summary of
tissue lesions in aquatic animals induced by controlled
exposures to environmental contaminants,
chemotherapeutic agents, and potential carcinogens.
Marine Fisheries Review, 44.1-17.

Paris-Palacios, S., Biagianti-Risbourg, S. and Vernet, G.
(2000) Biochemical and (ultra) structural hepatic
perturbation of Brachydanio rerio (Teleostei, Cyprinidae)
exposed to two sublethal concentrations of copper
sulphate. Aquat. Toxicol. 50, 109-124.

Pourahamad, J. and O'Brien, P.J. (2000). A comparison of
hepatocyte cytotoxic mechanisms for Cu2+, and Cd2+.
Toxicol. 143, 263-273.

Radhakrishnaiah, K.., Venkataramana, K.., Suresh, A. and
Siva Ramakrishna, B. (1992) Effects of lethal and sub-
lethal concentrations of copper on glycolysis in liver and
muscle of freshwater teleost fish, Labeo rohita. J. Environ.
Biol, 13, 63-68.

Rocha, E. and Monteiro, R.A.F. (1999) Histology and
cytology of fish liver: A review, in Ichthyology: Recent
research advances. Saksena, D.N. (ed.), pp 321-344,
Science Publishers, Enfield, New Hampshire.

Schwaiger, J., Fent, K., Stecher, H., Ferling, H. and
Negele, R.D. (1996) Effects of sublethal concentrations of
triphenyltinacetate on raibow trout (Oncorhynchus
mykiss). Arch Environ Contam Toxicol, 30:327-334.

Solomon, E. I. and Lowery, M. D. (1993) Electronic
structure contributions to function in bioinorganic
chemistry. Science, 259, 1575 –1581.

USEPA: United States Environmental Protection Agency
(1987) Health Issue Assessment: Copper p.3, EPA/600/8-
97/001.
USEPA:United States Environmental Protection Agency
(2002) List of Contaminants and their MCLs.
http://www.epa.gov/safewater/mcl.html#mcls.



Cu induced liver damage in fish

166

Varanka, Z., Rojik, I., Varanka, I., Nemcsók, J. and
Ábrahám, M. (2001) Biochemical and morphological
changes in carp (Cyprinus carpio L.) liver following
exposure to copper sulfate and tannic acid. Comp.
Biochem. Physiol.128C, 467-478.

Vutukuru, S. S., Suma, Ch., Madhavi, K.R., Juveria,
Pauleena, J.S., Rao, J.V. and Anjaneyulu, Y. (2005)
Studies on the Development of Potential Biomarkers for

Rapid Assessment of Copper Toxicity to Freshwater Fish
using Esomus danricus as Model. Int. J. Environ. Res. Pub
Health, 2, 63–73.

Zietz, B., Vergara, J. D. and Dunkelberg, H. (2003) Cu
concentrations in tap water and possible effects on infant’s
health-results of a study in Lower Saxony, Germany.
Environmental Research, 92, 129–138.


