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ABSTRACT
African catfish, Clarias gariepinus were exposed over 60 days period to different sublethal concentrations(2.0 and 5.0 mg/l)
of copper sulphate to observe histopathological alterations in gills. Control group was maintained simultaneously. The gills
showed marked alterations in the epithelia in response to copper sulphate exposure. There were fusion of three to four
secondary gill lamellae, edema, lifting of lamellar epithelia and hyperplasia of gill epithelium.Long-term exposure to high
concentration caused hypertrophy of lamellar epithelial cells, aneurysms (telangiectasia) and haemorrhage due to rupture of
lamellar epithelium of gill filaments. The toxic responses evaluated from histology of gills of C. gariepinus exposed to copper
sulphate can serve as potential biomarkers for assessment of copper toxicity in environmental biomonitoring.
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INTRODUCTION
Human destructive influence on the aquatic environment is in the form of sublethal pollution which results in chronic
stress conditions that have negative effect on aquatic life. The main source of freshwater pollution can be attributed to
discharge of untreated waste, dumping of industrial effluent and run-off from agricultural fields. Stress response is
characterized by physiological changes and effect of pollutants on fish is assessed by acute and chronic toxicity tests.
Copper is an essential trace metal in small concentrations for several fish metabolic functions. Copper forms an
essential part of variety of enzymes (free radical defence) and liver proteins homocuprien and heptacuprien [1]. It is
also used as fungicide, algaecide and herbicide and in municipal water treatment systems [2].
Despite the essential role of copper in a number of vital biochemical processes, the metal is known to induce several
histopathological changes in gills when present in higher concentration in water [3, 4]. Copper accumulation in organs
of animals of polluted water bodies [5, 6] leads to generation of free radicals which causes the biochemical and
morphological alterations in them [7, 8]. The effect of copper sulphate on fish has been studied comprehensively and
some species have been found to be more susceptible to copper than others [9, 10, 11]. Clarias gariepinus was used for
this experiment because of its hardy nature and economic importance. Hence, this study was undertaken to examine
the effect of different sublethal copper sulphate concentrations on histological aspects of gills of African catfish,
Clarias gariepinus (Burchell, 1822).
MATERIALSAND METHODS
Adult specimens of fish, Clarias gariepinus of weight and length measuring 100-110 gm and 18-20 cm respectively
were obtained from the local fish market of Bhopal and brought to the laboratory. The fish were kept in the glass
aquarium to observe any visible pathological symptoms. Before introducing in the aquarium fish were treated with
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0.1% KMnO4 solution to obviate any dermal infection. Fish were acclimatized to laboratory conditions for a period of
15 days. Both control and treated fish were fed with chopped meat once daily.
Pentahydrate copper sulphate (Ranbaxy, India) was used for the preparation of various concentrations (stock solution)
by adopting the dilution techniques. The fish were divided into three groups kept in three transparent glass aquariums
(200 L), groupAand B were treated with copper sulphate concentrations of 2 and 5 mg/l respectively, while as group C
served as the control. In order to maintain the constant concentration of copper sulphate water was changed after 5
days during the experimental period.
Histological Procedure
On the 30 and 60 days of the exposure of two different sublethal concentrations of copper sulphate, one fish from each
exposed group and control group were sacrificed by giving a sharp blow on head and dissected out. Gills were
removed and washed in saline water to remove blood and fixed in aqueous Bouin's fixative for 24 hrs. They were then
0
dehydrated through graded series of ethanol and embedded in paraffin wax (M.P. 58-68 C). Blocks were prepared and
sectioned at a thickness of 6-7 microns. The sections were deparaffinized in xylene and stained with haematoxylineosin (HE). Changes induced by CuSO4 exposure in the gills were analyzed and photographed under
photomicroscope (Olympus) along with control group.
RESULTS
Control group
The gills after 30 and 60 days possess double rows of filaments or primary lamellae from which arise perpendicularly
the secondary lamellae. The epithelium is composed of pavement cells. Chloride and mucus cells are present between
secondary lamellae (Fig. 1).

Figure 1. Photomicrograph of T.S of gills of C. gariepinus of control fish. (Haematoxylin Eosin) 100 X, showing normal
aspect of the gill with filament and distinct separate secondary gill lamellae.

Treated groups
2mg/l of CuSO4 after 30 and 60 days of exposure
The histopathological alterations observed after 30 days were lifting of lamellar epithelium and edema in the
filamentary epithelium (Fig.2) while as lamellar disorganization, swollen and fusion of secondary gill lamellae tips
were noticed after 60 days of exposure (Fig. 3).

Fig 2. Photomicrograph of T.S of gills of 2 mg /l of copper sulphate intoxication after 30 days. (HaematoxylinEosin)280 X,
showing lifting of lamellar epithelium and edema.
Fig 3. Photomicrograph of T.S of gills of 2 mg/l of copper sulphate intoxication after 60 days. (Haematoxylin Eosin) 280 X,
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5 mg/l of CuSO4 after 30 and 60 days of exposure
Proliferation of filamentary epithelium was observed which resulted in fusion of 3 to 4 secondary gill lamellae,
hypertrophy and hyperplasia of lamellar epithelium were also noticed after 30 days (Fig.4). After 60 days severe
histopathological alterations were found including complete fusion of secondary gill lamellae (Fig 5), lamellar
aneurysm (telangiectasia) and haemorrhage due to rupture of lamellar epithelium (Fig. 6).

Fig 4. Photomicrograph of T.S of gills of 5 mg/l of copper sulphate intoxication after 30 days. (Haematoxylin Eosin) 280 X,
showing hyperplasia and hypertrophy of lamellar epithelium.

Fig 5. Photomicrograph of T.S of gills of 5 mg/l of copper sulphate intoxication after 60 days. (Haematoxylin Eosin) 280 X,
showing fusion of secondary gill lamellae due to proliferation of epithelium.

Fig 6. Photomicrograph of T.S of gills of 5 mg/l of copper sulphate intoxication after 60 days. (Haematoxylin Eosin) 280 X,
showing lamellar aneurysm and epithelial rupture with haemorrhage.

DISCUSSION
There are many routes for the entry of heavy metals into the body of fish, namely oral ingestion, absorption through
gills [12], general body surface and gastrointestinal tract. After absorption the metal makes its way into the target
organ, where it produces various types of disturbances. The gills carry out the functions of respiration, osmoregulation
and excretion, remain in contact with external environment and is particularly sensitive to changes in the quality of
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water are considered to be the primary target of the contamination[13, 14, 15, 16] . In the present study Clarias
gariepinus from control group shows normal structural organization of gills while as treated groups shows
histopathological alterations namely epithelial lifting, edema in the filament, fusion of lamellae, epithelium
proliferation, haemorrhage and lamellar aneurisms.
The lifting of lamellar epithelium could be serve as a defence mechanism, because separation of epithelium of the
lamellae increases the distance across which heavy metals must diffuse to reach the blood stream [17,18]. The lifting
of lamellar epithelium is probably due to severe edema [19, 20].Cell proliferation which results in hyperplasia is one
of the major histological change observed in fishes exposed to copper sulphate is reported by several authors [21, 22,
23] and which leads to lamellar fusion observed in the present study. Hyperplasia of gill epithelium would not only
decrease the surface area available for oxygen diffusion [24] but would increase the oxygen distance between water
and blood [25] which in turn could cause tissue hypoxia [26].
The present findings suggested that gill histopathological alterations are due to toxicity of copper sulphate. Thus, it
can be concluded that alterations in gill histology can serve as a potential biomarker of heavy metals and will be
helpful in the understanding the toxic mechanism of copper in aquatic system.
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