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Abstract 
 

Industrial pollutants occupy prime position as they release heavy metals into 
the water. Heavy metals pose a serious threat to the aquatic life because of 
their greater toxicity and persistence to accumulate in organisms. Cadmium 
and its compounds have a wide variety of uses including structural materials in 
constructions auto mobiles, aircrafts and the production of metal alloy, glass, 
ceramic, rubber pharmaceuticals and water proofing textiles. The aqueous 
cadmium is recognized as the principal toxicant to fishes and their exposure 
resulted in decreased oxygen consumption in fish. Indian major carp Catla 
catla is an important cultured fish species due to its fast growth and economic 
value. The present study is proposed to assess the cadmium toxicity (20ppm 
CdNP/kg) on the histopathological changes in the liver and kidney of fish C. 
catla. The CdNP exposed liver tissues showed parenchymal cells arc, 
degeneration of hepatocytes, dialted intra hepatic spaces, distinct vacuoles and 
pyknosis and cytoplasmolysis, necrosis were the maximum alterations 
observed in 30% sub lethal concentration. After CdNp exposure, kidney 
tissues showed severe disorganization of tubules, reduction in glomerulus, 
dilation of Bowman’s space, degeneration of epithelial cells lining the renal 



 
1914 S. Sangeetha1, S. Deepa rani and V.Padma priya 
 

tubules and focal necrosis with hemorrhage among the renal parenchyma were 
observed. The overall results showed that severe damage caused by the 
toxicity of CdNP exposure which affecting the biodiversity of organisms in 
aquatic environment. 
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1. INTRODUCTION 
 
Freshwater ecosystem has been polluted by continuous discharge of waste water from 
industries, human dwelling and agricultural practices. The wastewater contains 
various amounts of chemical substances, such as pesticides, fertilizers and industrial 
pollutants. These chemical substances are accumulated in large quantities of water. 
Industrial pollutants occupy prime position than the others, as they release heavy 
metals into the aquatic environment. Heavy metals pose a serious threat to the aquatic 
environment because of their greater toxicity and persistence to accumulate in 
organisms through food chain amplification. Cadmium and its compounds have a 
wide variety of uses including structural materials in constructions auto mobiles, air 
crafts and the production of metal alloy, glass, ceramic, rubber pharmaceuticals and 
water proofing textiles. The presence of cadmium in water found to be in different 
forms among fish species considerable differences in sensitivity to metals have been 
reported. 
 
More than one hundred million people are at high risk of elevated Cadmium exposure, 
mainly via drinking water, as well as by the air born metalloid in the areas with coal 
burning and industrial emissions. Consumption of the cadmium through contaminated 
fishes collected from the polluted waters might also contribute to bioaccumulation of 
cadmium in human beings. Hence it is of immense importance to know the cadmium 
induced damages in the different organ systems of fishes used for human 
consumption. Levels of cadmium are higher in the aquatic environment than in most 
areas of land as it is fairly water-soluble and may be washed out of arsenic bearing 
rocks [1]. Cadmium, a heavy metal universally present in the environment and is the 
most significant pollutant of aquatic systems, has been widely known to cause 
deleterious effects to life. Cadmium accumulation is an environmental problem 
worldwide due to the large number of contaminated sites that have been identified, 
particularly in Asia. Cadmium contamination in drinking water has become a 
significant concern in Bangladesh, West Bengal, India, China, Mongolia, Nepal, 
Cambodia, Myanmar, Afghanistan, Korea, and Pakistan [2]. It has also been reported 
to contaminate marine environments [3], freshwater environments [4] and 
groundwater [5]. 
 
Fishes play an important role in the monitoring of water pollution because of the 
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sudden death of fish indicates the heavy pollution and the effects of exposure to sub 
lethal levels can be measured in the terms of biochemical, physiological and 
histological responses of the fishes [6, 7]. Fishes are primary aquatic vertebrates using 
gills for respiration. Changes of water qualities such as pH dissolved O2, toxicity, 
amount of pesticides, and toxic compounds. Those are some of the major causes of 
respiratory distress to fish with relatively high level of environmental stressors. 
Histological studies have been considered as the tool for evaluating the toxic effects in 
target organs of fish in laboratory experiments and in the field experiments [8, 9,10]. 
The present study was undertaken to investigate the acute toxicity of cadmim 
nanoparticle (CdNP) widely detected in the aquatic environment due to natural effects 
and anthropogenic activities, in freshwater fish Catla catla. 
 
2. MATERIALS AND METHODS 
 
2.1. Collection of experimental animal 
 
Catla catla (10.0 ± 0.52 cm in length and 11.0 ± 1.2 g in weight) were purchased from 
Poondi lake, Thiruvallur dist, Tamilnadu, India. Fishes of both sexes were maintained 
in cement aquaria (each 100 liters capacity), where they received un-chlorinated 
continuous gentle flow of water from a deeply sunk bore well within College campus. 
All the fishes were acclimated for at least two weeks and fed with libitum fish diet in 
a laboratory conditions at the ambient, uncontrolled temperature of 28 ± 2⁰C under 
the 12h:12h (light:dark) conditions. The fish were starved 24 h prior to the start of the 
experiments in order to avoid metabolic variations due to diet, if any. Significant sign 
of stress or unusual behavioural criteria were not observed in the control fishes 
throughout the acclimation and test period. During the acclimatization the fishes were 
fed with feed daily in the evening uneaten feed was removed, next day morning 
followed by 100% water exchange. 
 
2.2. Acute toxicity test 
 
The acute semistatic toxicity test was carried out according to the standard 
methodology for this kind of study such as those of the Food and Agriculture 
Organization (FAO) [11, 12] and the American Public Health Association [13]. 
Fishes were acclimatized for 14 days. Semistatic toxicological bioassays were carried 
out for 96 hrs. A series of six different concentrations such as 20,40,60,80, 100 and 
120 ppm of Cadmium nanoparticle (CdNP) suspension of 100nm in size (Sigma and 
Co) was mixed intraperitonially per kg of fish weight. Three replicates of at least 10 
animals were exposed to the above-stated concentrations. The criteria to determine 
death was the complete absence of movement once the animals were gently touched 
with a glass rod. Mortality was recorded every 24 h, a period of time after which dead 
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fishes were removed. The experimental conditions (temperature, salinity, and pH) of 
the toxicity test were similar to those found in the environment during the period. A 
probit analysis was used to estimate the concentration and 95% confidence limits of 
CdNP that kills 50% of the exposed fish (LC50). 
 

Figure 1: LC50 analysis of Catla catla exposed to Cadmium Nanoparticles 
 

 
 
 
2.3. Cadmium nanoparticle treatment 
 
After, standardization of LC50 value, a single concentration of 20ppm/kg of body 
weight was used for further experiments. Major Indian carp Catla catla was 
acclimatized in tanks and the temperature was maintained at 27°C. Water was 
changed daily and aquaria were cleaned thoroughly, and Fishes were fed commercial 
fish feed. After acclimatization, healthy adult male and female fishes with a 
homogeneous size (width 14-16cm, weight 200-300g) were selected for control and 
Cadmium nanoparticle (20 ppm/kg / weight) treatment. The acute exposure lasted for 
5 days. During the experiment, fishes were fed and dead animals were removed in 
time. 
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2.4. Histopathological study 
 
Fishes were exposed to Cadmium nanoparticles at 20 ppm for 5 days. Sampling was 
done on the every 24 hr of exposure; two fishes in each group were sacrificed. The 
liver and kidney of representative fishes from each test and control group were 
dissected out and fixed in Davidson’s fixative for 24hrs. The preserved tissues were 
processed by a routine histological method, dehydrated in alcohol series and 
embedded in paraffin wax. They were cut into sections of 6 mm thickness by a rotary 
microtome (Weswox, MT1090:1090A, India). The thin sections of the tissues were 
stained by haematoxylin and eosin for observation by the Nikon Bright field 
transmission microscope with Koechler illumination and automatic exposure unit was 
used. 
 
2.5. Scanning electron microscopic analysis 
 
Three to six small pieces of 1 mm2 in size of the liver and kidney tissues of both male 
and female were taken and fixed in 2.5% glutaraldehyde in 0.1 % phosphate buffered 
saline (pH 7.4) for about 12 h and the fixed samples were immersed in a series of 
ethanol (10%, 25%, 50%, 75% and 100%) for dehydration and coated with gold. All 
samples were examined with Scanning Electron Microscope (SEM) (Hitachi S3400, 
Japan) 
 
3. RESULTS 
 
3.1. Toxicity assessment of CdNP on Catla catla 
 
The LC50 value of CdNP of Catla catla was assessed to be 50ppm/Kg body weight. It 
is important mentioned here that toxicity of a CdNP is governed by many factors like 
water temperature, purity of the toxin and life stage of an organism etc., Hence, 
further studies were carried out with a dose of 20ppm CdNP/kg of body weight of 
fish. 
 
3.2. CdNP induced morphological changes of Catla catla 
 
The fish, Catla catla was pale white in body in the control group throughout the 
experiment. The body colour changed from original pale white to dark colour in 
cadmium treated fish. The fish maintained in freshwater behaved normal as usual. But 
when the fish was exposed to cadmium, erratic swimming, abnormal posture, 
disbalance, sluggishness, imbalance in posture, increase in surface activity, opercular 
movement, gradual loss of equilibrium and spreading of excess of mucus all over the 
surface of the body were observed. 
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3.3. Histological changes in the liver of major Indian carp Catla catla exposed to 
CdNP 
The normal liver is made up of continuous mass of hepatocytes arranged in irregular 
cords. The hepatic cells are polygonal in shape with distinct nuclei. Large number 
blood sinusoids were also seen around the hepatocytes. 
 
The histology of fish liver differs from the mammalian in that there is a far less 
tendency of the hepatocytes to form distinct cords or lobules and the typical portal 
triads are not obvious. It is composed of branching and anatomizing, two cell thick 
laminae or cords of hepatocytes. Distinct endothelial cells line sinusoids, which are 
irregularly distributed between the polygonal hepatocytes, with very prominent nuclei. 
Functional phagocytic cells are occasionally observed in the sinusoids. The sinusoidal 
lining cells are fenestrated and overlie the Space of Disse which is the zone between 
sinusoid cells and hepatocytes. Hepatocytes are polygonal and have a distinctive 
central nucleus with densely staining chromatin margins and a prominent nucleolus. 
Marked toxic effects were observed at the structural and cellular level in the liver. In 5 
days of exposed fish, disintegration of cell boundaries and slight dilation of blood 
sinusoids were observed. After 3 days, many hepatic cells were completely damaged 
and intracellular vacuolation was also apparent. At the end of 5th day, damage to the 
hepatocytes was prominent. Degeneration of hepatocytes showing distinct vacuoles 
and necrosis were the maximum alterations observed in 30% sub lethal concentration. 
 
Microscopical observation showed that the normal liver of C. catla consists of large 
number of hepatocytes arranged regularly in cords. The hepatic cells are large, 
polygonal in shape with prominent nucleus. Blood sinusoids are also seen among the 
hepatocytes. Liver cells are similar in size. The nuclei of the liver cells are spherical 
and show uniform size, shape and orientation. In the present study histopathological 
changes have been observed in the liver of C. catla exposed to sublethal 
concentrations of cdNP for 5 days. In the liver parenchymal cells arc found to 
shrunken and appear smaller in size, Variations in the shape of hepatocyte is evident 
in different regions of liver, lntrahepatic spaces have been dilated. The extension of 
nucleus called the pyknosis and cytoplasmolysis are observed in different region. The 
cytoplasm becomes granulated and vacuolated. The blood vessels are severely 
damaged leaving large empty spaces. The liver cord has become disarrayed in both 
treated groups (Fig.2). These above observed histopathological changes in the median 
lethal exposures are more pronounced than those in the sublethal exposure. 
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Figure 2: Effect of CdNP on the structure of Liver in Catla catla by Light microscope 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4. Histological changes in the kidney of major Indian carp Catla catla exposed 
to CdNP 
 
The kidney of the teleost is a mixed organ of hematopoietic, reticuloendothelial, 
endocrine and excretory elements. The kidney of fish is usually located in a 
retroperitoneal position up against the ventral aspect of the vertebral column. It is 
usually divided into anterior or head kidney, which is largely composed of 
hematopoietic elements, and posterior or excretory kidney. The ureters, which 
conduct urine from the collecting ducts to the urinary papilla, may fuse at any level 
and may be dilated, after fusion, to form a bladder. The urinary ducts open to the 
outside posterior to the anus. 
 
The control kidney was composed of numerous renal corpuscles with well developed 
glomeruli and a system of tubules. The proximal segment was covered by tall 
columnar epithelial cells with basal nuclei and brush border located along the cell 
apices. The distal segment was lined with large, relatively clear columnar epithelial 
cells with central nuclei and the brush border was reduced or absent. The collecting 
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duct was larger in diameter than the distal segment, containing columnar epithelial 
cells with basal nuclei and no brush border. 
 
After CdNP exposure, kidney sections were showed severe damage and 
disorganization of tubules. Reduction in glomerulus, resulting in dilation of 
Bowman’s space was observed. Severe damage and disorganization of the tubules 
were also observed. Degeneration of some epithelial cells lining the renal tubules in 
addition to tubular narrowing was also found in the renal tubules. On 5th day of 
exposure, renal tissues were shown the most conspicuous alterations. Degeneration of 
some epithelial cells lining the renal tubules and areas of dissolution in the cortex 
were observed. Tubular narrowing and hyaline droplet were also found in renal 
tubules. The most important changes found in the kidney of exposed fish are 
reduction in glomerulus, resulting in dilation of Bowman’s space. Degeneration of 
most epithelial cells lining the renal tubules and focal necrosis resulted in complete 
disintegration of cellular components in addition to hemorrhage among the renal 
parenchyma (Fig.3). 
 
 

Figure 3: Effect of CdNP on the structure of Kidney in Catla catla by 
Light microscope 
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3.5: SCANNING ELECTRON MICROSCOPIC ANALYSIS 
 
3.5.1. Histological changes in the liver of fish catla catla by using SEM 
 
After exposure of cadmium nanoparticles, swollen hepatocytes were noticed. 
Degeneration of hepatocytes, vacuolation space formation was evident, throughout 
the tissue. At 5th days of exposure, high concentration accumulation of blood vessels, 
congestion of hepatic tissue were also observed, the liver was highly damaged 
subcapsular vacuolization, necrosis, indistinct cell boundaries in many places and 
pyknotic nuclei were also observed. As the duration increased, severe degradation of 
the liver cells or hepatocytes and hypertrophy of hepatic nuclei and clumping was 
evident in many places. 
 
The hepatic tissue of fish showed structural alteration at various concentrations. 
Marked variations were observed by the 1st day and the 5th day. The fish liver tissues 
exhibited dilated sinusoids (DS), hemorrhage (HE), enlarged hepatocytes (EH), 
vacuolar degeneration (VD), degenerated hepatic cells (DH), karyolysis (KL), 
pycnotic nuclei (PN) and necrosis (N). On the 1st day dilated sinusoids, hemorrhage, 
enlarged hepatocytes, vacuolar degeneration and degenerated hepatic cells were noted 
and it continued up to 5th day. During the 5th day of exposure, karyolysis, necrosis 
and pycnotic nuclei were observed. 
 
Degeneration was more intensive at higher CdNPs concentrations. The dilation of 
sinusoids intensified with increasing NPs concentrations and was additionally 
enhanced by reduced hepatocyte area (due to shrinkage of cytoplasm) at the highest 
concentrations of CdNPs. Blood vessels were overfilled with blood cell aggregation in 
the livers of fish affected by cadmium nanoparticles treatment (Fig 4). 
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Figure 4: Effect of CdNP on the structure of Liver in Catla catla by SEM 

 
 
 
3.5.2. Histological changes in the kidney of fish Catla catla by using SEM 
 
A semiquantitative evaluation of renal tissue was accomplished by scoring the degree 
of damage severity according to previously published criteria. The following changes 
were observed are areas of focal epithelial cell degeneration and granular debris in the 
tubular lumen with or without evidence of desquamation in small foci (less than 10% 
of total tubule population involved by desquamation); obvious tubular epithelial 
necrosis and desquamation but involving less than 50% cortical tubules; necrosis and 
desquamation in more than 50% of the proximal tubules, but intact tubules easily 
identified and on 4th day complete or almost complete proximal tubular necrosis. 
Depletion of the hematopoietic precursors, thickening of the basal endothelial 
membrane is 35% thicker than that of the controls. The recruitment of basophils near 
blood vessels; A disruption of tissue integrity: debris could be observed within cells 
and there were empty Cd-exposed fish imprints showed hematopoietic precursors with 
different degrees of hypertrophy and vacuolization. Granulocytes were swollen and 
vacuolization and pinocytosis could be observed; many erythrocyte precursors had 
eccentric nuclei indicating an aging cell (Fig 5). 
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Figure 5: Effect of CdNP on the structure of Kidney in Catla catla by SEM 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. DISCUSSION 
 
The concentration of heavy metals in fish is related to several factors, such as the food 
habits and foraging behavior of the organism [14], trophic status, source of a 
particular metal, distance of the organism from the contamination source and the 
presence of other ions in the milieu [15], bio-magnification and/or bio-diminishing of 
a particular metal [16], food availability [17], metallothioneins and other metal 
detoxifying proteins in the body of the animal [18], temperature, transport of metal 
across the membrane and the metabolic rate of the animal [19], physical and chemical 
properties of the water [20] and the seasonal changes in the taxonomic composition of 
different trophic levels affecting the concentration and accumulation of heavy metal in 
the body of fish [14]. 
 
Histopathological changes in more than one tissue are always instructional in 
assessment of the biological effects of a toxicant and allow for diagnoses of the 
observed changes [21]. Toxic potential of a toxicant is directly related with severity of 
damage, it causes. The liver is the primary organ for detoxification of xenobiotics 
[22]. The present study revealed that there is a strong link between liver damage and 
toxicants. Vacuolar degeneration, hemorrhage and necrosis noticed in the present 
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study might be due to the presence of heavy metals in the toxicants, as observed by 
[23] in Oreochromis niloticus exposed to heavy metals. Necrosis, haemorrhage, 
degeneration of hepatocytes and pyknosis in the liver tissue were witnessed in Labeo 
rohita exposed to zinc [24] and Heteropneustes fossilis exposed to thiodan [25]. 
Chronic exposure to CdNP resulted in histological and cytological changes in the 
kidney of Fish, Dicentrarchus labrax and Centropomus undecimales, [26]. It was 
concluded that heavy metals are quite to the cell organelles though they are not lethal. 
Cadmium disturbs the normal physiology of fish to some extent. In the present study 
it has been observed that liver being the seat of detoxification is the most affected 
tissues. 
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