
INTRODUCTION

The aquatic environment is crucial for the
continued survival of life on earth. However, an
intense activity in industrialization and agricultural
sectors has increased the levels of heavy metals in
aquatic environment1. Mining of metal ores and coal
are main contributors to heavy metal pollution by
discharging contaminated drainage into water
bodies2.

Copper is an essential micronutrient as it
is the essential component of numerous enzymatic
systems and liver proteins homocuprien and
heptacuprien3. Copper sulphate is used as an
agrochemical and in aquaculture for treatment of
bacterial and fungal diseases of fish. In spite of its
essential functions it can cause adverse
toxicological effects on fish if the dose increased to
be more than the permissible concentration limit.
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ABSTRACT

The metals are discharged into aquatic bodies from many sources, often at sublethal
concentrations.  The hazardous effect of sublethal concentrations (2 and 5 mgl-1) of copper sulphate on
liver histology of African catfish, Clarias gariepinus was analyzed histologically after 30 and 60 days of
exposure. The control group was also maintained simultaneously. The liver of  control group showed
normal histo-archetechture, while as copper sulphate exposed fish showed cytoplasmic vacuolation,
nuclear degeneration, focal areas of necrosis, hypertrophy of hepatocytes, pycnotic nuclei haemorrhage
and haemolysis due to rupture of blood vessels. This research reveals that copper sulphate has a
deleterious impact on liver histopathology of Clarias gariepinus, which could be a suitable biomarker
for environmental contaminations.
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The cupric copper (Cu+2) is most toxic state and is
most common than other oxidation states of copper
in aquatic bodies.

The liver plays not only important function
in the metabolism and excretion, but is a major site
for detoxification of xenobiotics chemicals and heavy
metals. Thus, liver is the primary target of toxic
substances which lead to histopathological changes
and malfunction of enzymes. Histopathological
assays provide a valuable screening method for
evaluation of fish health exposed to contaminates4,
both in laboratory 5 and field studies6, 7.

The present study aimed to evaluate the
histopathological changes induced by long-term
sublethal exposure of copper sulphate in the liver
of African catfish (Clarias gariepinus) under
experimental conditions.
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MATERIAL AND METHODS

Fish and experimental system
Healthy adult specimens of Clar ias

gariepinus (110-110g body weight, 18-20cm in
length) were collected from a single population
from local fish market at Bhopal and were brought
to the laboratory. They were kept in transparent
glass aquariums to observe any visible pathological
symptoms. Before introducing in the aquarium
fishes were treated with 0.1% KMnO4 solution to
obviate any dermal infection. Fishes were
acclimatized to laboratory conditions for a period
of 15 days. Copper sulphate (Ranbaxy, India) was
used for the preparation of concentrations (stock
solution) by adopting the dilution techniques. The
fishes were divided into three groups kept in three
glass aquariums (200l), group A and B were
treated with copper sulphate concentrations of 2
and 5 mg/l, respectively. Group C served as the
control and all the three groups were fed with
chopped meat once daily throughout the
experimental period.

Histological procedure
On the 30 and 60 days of the exposure of

two different sub-lethal concentrations of copper
sulphate, one fish form each exposed group and
control group were sacrificed by giving a sharp blow
on head and dissected out. Liver was removed and
washed in saline water to remove blood and fixed

in aqueous Bouin’s fixative for 24 hrs. They were
then dehydrated through graded series of ethanol
and embedded in paraffin wax (M.P. 58-680C).
Blocks were prepared and sectioned at a thickness
of 6-7 microns. The sections were deparaffinized in
xylene and stained with Ehrlich’s haematoxylin-eosin
(HE).  Histopathological changes induced by CuSO4

exposure in the liver were analyzed and
photographed under photomicroscope (Olympus)
along with control group.

RESULTS

Liver
Control group

The liver after 30 and 60 days exhibited
normal histology with polyhedral hepatocytes
containing centrally located spherical nucleus with
homogeneous deeply stained cytoplasm. In
between hepatic cells, bile passage can be
observed (Fig. 1)

Treated groups
2 mg of CuSO4/l after 30 and 60 days

After 30 days degeneration of hepatic cells
and blood congestion in vessels were observed.
Atrophy of hepatocytes was reported (Fig. 2). After
60 days of exposure cytoplasm appeared reticulated
and was mostly occupied by large vacuoles.
Hypertrophy of hepatic cells was clearly seen.
Haemorrhage and haemolysis was observed due

Fig. 2: Photomicrograph of T.S of Liver of
2 mg /l of copper sulphate intoxication after
30 days. (Haematoxylin/Eosin) 100 , showing

degeneration of hepatic tissue and
congestion in blood vessels

Fig. 1: Photomicrograph of T.S of Liver of
C. gariepinus of control group. (Haematoxylin/

Eosin) 100 X, showing normal polyhedral
hepatocytes with granular deeply stained

cytoplasm
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Fig. 3: Photomicrograph of T.S of Liver of 2 mg
/l of copper sulphate intoxication after 60 days.
(Haematoxylin/Eosin) 100X, showing reticulated
cytoplasm of hepatocytes with vacuoles,
hypertrophy of hepatocytes, Haemorrhage and

haemolysis of blood vessels

Fig. 4: Photomicrograph of T.S of Liver of 5 mg
/l of copper sulphate intoxication after 30 days.
(Haematoxylin/Eosin) 100X, showing nuclear
generation, pycnotic, eccentric nuclei with
irregular shape and necrosis of hepatic tissue

Fig. 5: Photomicrograph of T.S of Liver of
5 mg /l of copper sulphate intoxication after

60 days. (Haematoxylin / Eosin) 100X,
showing cytoplasmic vacuolation and

focal necrotic area

to rupture of blood vessels. Hepatocytes were
damaged around the blood vessels (Fig. 3)

5 mg of CuSO4/l after 30 and 60 days
After 30 days hepatocytic nuclei were

irregular in shape and become pycnotic. Shifting of
the nuclei towards the periphery of the hepatocytes
was seen (eccentric nuclei). Nuclear degeneration
was also noticed in few hepatocytes. Necrosis of
hepatic tissue and enlargement of bile passages
were prominent. Cell membrane of the hepatocytes
was reported to be ruptured and showing synctial
appearance (Fig. 4). Extensive cytoplasmic

vacuolation and focal necrotic areas were observed
after 60 days. (Fig. 5)

DISCUSSION

Histopathological studies are considered
as direct evidence referring to any adverse effect
on fish. Generally, the liver is considered as the
principle organ of biotransformation, accumulation,
excretion of toxic chemicals. Hepatocytes may thus
be expected to be the primary target of toxic
substances, providing an excellent biomarker of
aquatic pollution8, 9, 10, 11.

In the present study Clarias gariepinus fish
from control group showed normal  histo-
archetechture with polyhedral hepatocytes having
homogeneous deeply stained cytoplasm. Our
observations on control fish correspond with the
reports of researchers12, 13, 14.

The major histopathological abnormalities
identified within the liver in this study due to copper
sulphate exposure were nuclear degeneration,
cytoplasmic vacuolation and hypertrophy of
hepatocytes, haemolysis and rupture of blood
vessels, necrosis of hepatic tissue, which showed
a progressive histological distortion at varied CuSO4

concentrations and period of exposures which is in
agreement submission of15. The alterations in size
and shape of the hepatocyte nucleus can be
regarded as signs of increased metabolic activity
due to exposure of CuSO4

16.
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The rupture of blood vessels and
intravascular haemolysis observed may be
responsible for the cellular degradation and necrosis
in the liver17. Exposure of Oncorynchus mykiss to
copper sulphate was found to induce vacuolation
of hepatocytes, sinusoidal dilation and congestion
in the blood vessels of the liver18-20. Chronic copper
accumulation in the liver of fish causes hepatocytic
lysis, cirrhosis and ultimately death21. The
hypertrophy is an adaptive alteration of the
hepatocytes in response to exposure of toxins22.
The toxic effect of copper is related to its capacity
for catalyzing oxidative reactions, leading to the
generation of reactive oxygen species23. These
highly reactive compounds may also induce tissue
alterations and physiological derangement in fish24.

From our results, it can be concluded that
the liver histopathological changes in African catfish
(Clarias gariepinus) have been related to copper
sulphate concentrations and duration of its exposure
which can serve as biomarkers of environmental
pollution.
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