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ABSTRACT: Environmental pollution is the major problem in the global context. Environmental pollution refers to
contamination of ecosystem by pollutants. Heavy metals are the major pollutants of the ecosystem. One of the major
environmental problems is the contamination of aquatic ecosystem by heavy metals as they enter into the food chain and
cause ecological damage. Cadmium is one of the most toxic heavy metal that causes adverse effect on the organisms.
Aftering entering into body cadmium tends to accumulates in the organs like kidney and liver. The main objective of
present study is to find the cadmium induced histological damage and alterations in biochemical parameters in the
kidney of fresh water catfish H.fossilis. Fishes were exposed to cadmium for 15, 30 and 45 days and the histological
damage and biochemical alterations were observed. The findings of this study indicate that cadmium is toxic and cause
histological damage to kidney. Disorganization of epithelial cells and Haemopoietic tissue, loss of tubular lumen and
dislocation of nuclei were among the major structural damage in kidney. Cadmium induced oxidative damage by
increasing lipid peroxidation and the value of LPO increased with the increase in the exposure period of cadmium.
Cadmium exposure also caused decline in Reduced glutathione level of kidney. The decline in GSH increased with
increase in exposure period. We conclude that cadmium induced structural damage is attributed to decrease in GSH and
increased LPO in kidney of fresh water catfish H.fossilis.
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INTRODUCTION
Environmental pollution is continuously increasing day by day and causing adverse effect on the organisms.
Among all type of pollutions aquatic pollution is of great importance because water is the essential constituent
of life. Water pollution directly or indirectly affects all the living organisms including human beings. Heavy
metals are considered as major aquatic pollutants. Heavy metal contamination may have adverse effect on
ecological balance of organism and diversity of aquatic organism (Ashraj, 2005; Vosyliene and Jankaite,
2006; Farombi et al., 2007). Cadmium is one of the toxic heavy metal that causes adverse effect on the
organisms (Eisler 2000; Nordberg et al., 2007). Cadmium is introduced into the environment through mining,
plastic industry, leather industry, unregulated and untreated waste disposal etc.

Once enter into the body cadmium tends to accumulate into the organs primarily in kidney and
liver ( Chowdhary et al., 2004; Ural et al.,2012 and Umen et al.,2013). Cadmium exposure induced
histological changes in kidney of fishes (Bilal et al., 2011) and cause renal damage (Romeo et al., 2000;
Shukla and Gautam, 2004; Kumar et al., 2009 and Vesey, 2010). Cadmium can affect biochemical parameters
and is known to cause the oxidative damage by producing reactive oxygen species (Bagchi et al.,2000; Shi et
al.,2005;Kim et al.,2010). Cadmium is also reported to alter the reduced glutathione (GSH) level (Kovarova
et al., 2009; Jia et al., 2011).
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MATERIAL AND METHODS
Animal and Treatment
Heteropneustes fossilis a fresh water species of air sac catfish has been used for the present study. The fishes
of approximately 15.5±2 cm length and 20±2 g weight were used. The fishes were first treated with 0.01%
KMnO₄ solution to make them free from dermal infections. Then the fishes were acclimatized to laboratory
conditions for 15 days. Acclimatized fishes were divided into four groups.

Group I- Control

Group II- Treated with Cdcl₂ for 15 days

Group III- Treated with Cdcl₂ for 30 days

Group IV- Treated with Cdcl₂ for 45 days

Fishes were daily fed with dried and chopped prawns at the rate of 30 mg/fish/day. Water of all aquaria was
changed on every 4th day and solution of Cdcl₂ was added afresh. Aquaria water was daily aerated for
30min.The Lc₅₀ value of Cdcl₂ for catfish was 50.41 mg/lit. Experimental concentration of the metal was 0.20
mg/lit.Fishes from all the experimental groups were dissected on completion of respective experimental
periods and kidneys were taken out and processed for histological and biochemical studies.

HISTOLOGY
For histological observations kidneys were fixed in alcoholic Bouin’s solution for 24 hrs. Tissue was then
dehydrated through graded alcohols, cleared in xylene and embedded in paraffin wax. Sections of 6µ were cut
and stretched on albumenized glass slides and double stained with heamatoxylin and eosin.

LIPID PEROXIDATION ASSAY
For lipid peroxidation assay TBARS test described by Ohkawa et al., (1979) was used. LPO was determined
by measuring thiobarbituric acid reactive substance (TBARS) in terms of malonaldehyde equivalent (MDA)
using the molar extinction coefficient of 1.56 x 105 min-1.cm-1 . Kidney tissue was homogenized in 50 mM
phosphate buffer (pH 7.7), centrifuged at 3,000 rpm for 15 min and the supernatant was used for the assay. 0.1
ml supernatant was mixed with 0.2 ml of 8.1% sodium dodecyl sulphate (SDS), 1.5 ml of 20% glacial acetic
acid, and 1.5 ml of 0.8% thiobarbituric acid (TBA). Then test tubes containing reaction mixture were shaken
on vortex mixture and heated at 95 °C for 60 min in a water bath and then cooled under tap water before
mixing with 1 ml distilled water and 5 ml mixture of n-butanol and pyridine (15: 1). The reaction mixture was
centrifuged at 2,200 rpm for 10 min. The upper organic layer was isolated for the measurement of TBARS
value based on absorbance at 532 nm. The results were expressed as nM TBARS/mg protein.

REDUCED GLUTATHIONE (GSH) ASSAY
GSH acts as an important antioxidant. GSH was measured by DTNB (Dithiobis) as described by Jollow et al.,
(1974) that involves the spectrophotometric assessment of the 5-thio-2-nitrobenzoate in the presence of
NADPH and glutathione reductase. Briefly, kidney tissue was homogenized in 0.5 M ice cold metaphosphoric
acid and centrifuged for 15 min at 16,000 rpm at 4 ºC. The 0.5 ml supernatant was mixed with 4 ml of ice cold
0.1 mM solution of 5,5’-dithiobis (2-nitrobenzoic acid) (DTNB) in 0.1 M phosphate buffer (pH 8.0) and the
optical density was observed at 412 nm . A standard calibration curve was prepared using GSH.

RESULTS
Effect of cadmium on histology
kidney of control group (Fig.1) shows normal histological structure having large no. of uriniferous tubules
with clear lumen, haemopoietic tissue and glomeruli. Mild structural damage was seen after 15 days treatment
of cadmium (Fig.2). The proximal kidney tubules were seen with obliterated lumen and damaged epithelial
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cells. Distal tubules show uneven damage with reduction in lumen. An increase in structural deformities was
noticed in kidney after 30 days of exposure (Fig. 3). The epithelial lining was damaged showing necrotic
condition. In majority of tubules lumen was obliterated and many tubules were seen without lumen.
Haemopoietic tissue was scattered. As the exposure period increased to 45 days the fishes exhibited more
pronounced structural damage in tubules (Fig. 4). Many distal tubules lost their identity with loss of lumen
and appeared as solid balls and exhibited necrosis of epithelial cells. Haemopoietic tissue was also damaged
and disorganized.

Fig. 1 kidney of control fish showing normal histological architecture. (x 400)

Fig.2 showing reduction in tubular lumen in kidney after 15 days exposure of cadmium chloride. (x 400)

Fig.3 showing damaged epithelial lining obliterated lumen and some tubules without lumen in kidney after 30
days of exposure of cadmium chloride. (x 400)
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Fig.4 kidney tubules lost their identity after 45 days of exposure of cadmium chloride. (x400)

Effect of cadmium on lipid peroxidation
The value of LPO in control kidney was 1.491 nm TBARS/mg protein. After the 15 days exposure the value
of LPO increased to 2.603 nm TBARS/mg protein which gradually increased with the increase in the
exposure period of cadmium. In 30 and 45 days cadmium treated kidney the values of LPO were 4.090 and
10.784 nm TBARS/mg protein, respectively (Fig. 5).

Fig.5 showing value of LPO in Cd treated kidney after  15, 30 and 45 days.

Effect of cadmium on GSH
In all the cadmium treated groups significant decline in GSH level was found in the kidney. The GSH value of
control group was 91.333 mg/gm tissue weight. In 15 days treated group the reduction in the value of GSH
was noticed and it was found to be 88.667 mg/g tissue weight. Which further decreases to 20 mg/g after
exposure of cadmium for 30 days.  After 45 days maximum reduction in GSH was noticed the value being 6
mg/g (Fig.6).
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Fig.6 showing value of GSH of kidney after treatment of cadmium for 15, 30 and 45 days.

DISCUSSION
Cadmium is a heavy metal which is toxic to the living organisms. Cadmium is known to cause several
histological changes in the organisms. Several researchers found that Cd is capable of causing structural
damage to kidney of fish. Rostmi Bashman et al. (2000) observed necrosis and hyaline degeneration of
tubules due to cadmium toxicity. Cadmium caused damage to haemopoietic tissues, elongation of tubules and
degeneration of glomerulii (Gernofer et al., 2000 and Veiga et al., 2002) is also on record. Formation of
clusters and lumps in haemopoietic tissue, deshaping of uriniferous tubules and narrowing of tubular lumen
has also been reported by Ahmed et al., (2011).

The results presented in this study also show histological changes in kidney due to cadmium exposure. After
15days of Cd exposure proximal kidney tubules were seen with obliterated lumen and damaged epithelial
cells. Reduction in lumen was seen in distal tubules also. An increase in exposure time of Cd to 30 and 45
days caused further increase in structural damage of kidney. Many tubules were seen without lumen and lost
their identity and appear as solid balls. Many tubules exhibited necrosis of epithelial cell.  Haemopoietic
tissue was also damaged and disorganized.

Cadmium is known to cause oxidative damage and inducing oxidative stress in animals (Kim
et al., 2010). Several researchers reported that cadmium is capable of producing free radicals and alter the
antioxidant defense mechanism of body and stimulates the peroxidation of lipid membrane (Knight and
Voorhees, 1990 and Novelli et al. 1999). Oner et al. (1995) reported significant increase in lipid peroxidation
in cortical region of kidney after Cdcl₂ administration. Cadmium induced oxidative stress by increasing LPO
and altering antioxidant status is also on record (Uchida et al., 2004; EL-Demerdash et al., 2004). Metwally
and Fouad (2008) found significant increase in LPO due to cadmium toxicity. Significantly higher level of
LPO has been reported in higher concentrations of cadmium, copper, lead and zinc exposed Mugil cephalus
fish (Rajkumar and Milton, 2011). The present study also shows significant increase in the value of lipid
peroxidation (LPO) after the exposure of cadmium in the kidney of the catfish. The value of LPO increases
with the increase in exposure period.

GSH participates in normal cell metabolism and acts as radical scavengers (Dekant et
al.1994). Decrease in the GSH activity under stress of cadmium (Rajkumar and Milton, 2011) has been
reported in the past. Previous studies showed alterations in GSH level due to cadmium treatment (Kovarova et
al., 2009; Cao et al., 2010; Jia et al., 2011). Present study in kidney also shows significant decrease in the
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value of GSH. This decline in GSH value of kidney increased with the increase of cadmium exposure from 15
to 45 days.

CONCLUSION
The findings of this study revealed that cadmium exerts toxic effect on the histology of kidney of H.fossilis.
Exposure of cadmium caused noticeable damage to histological architecture of kidney tissues which was
found to increase with the increase in the exposure period. Disorganization of epithelial cells and haepoietic
tissue, dislocation of nuclei and loss of tubular lumen were among the major structural changes in cadmium
treated kidney. Cadmium induced decrease in Reduced glutathione activity caused oxidative damage by
increasing lipid peroxidation (LPO) which in turn resulted in increase oxidative stress. Thus, cadmium
induced structural damage is attributed to decrease in GSH and increased lipid peroxidation in the kidney of
H.fossilis.
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