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The present study was carried out to evaluate the impact of sub lethal concentrations of heavy metal, cadmium 
chloride (CdCl2.H2O), ascorbic acid (vitamin C) and their combination on Labeo rohita. The effect was investigated on 
the basis of histopathological examinations of control and experimental groups exposed to heavy metal. The acute 
semi statistical toxicity test for L. rohita revealed 96 h LC50 value 22.92 mg L

-1
 for cadmium chloride (CdCl2.H2O). 215 

fingerlings of L. rohita were exposed to three different experimental conditions for 96 h: 11.46 mg L
-1

 CdCl2.H2O, or 450 
mg Kg 

-1
 ascorbic acid or combination of both these doses. No alterations were observed in gill sections upon 

comparison between treated and untreated groups. Congestion in sinusoids, fatty change, an increase in Kupffer cells 
and intrahepatic lymphocytes was observed in CdCl2.H2O treated group. In kidney sections of heavy metal treated 
group, degeneration of the glomerular tissue, occlusion in tubular lumen and necrosis were observed. Similar changes 
but in less severe form, as described above, were observed in the fish exposed to combination of CdCl2.H2O and 
ascorbic indicating that ascorbic acid do detoxify the effect of heavy metal to some extant. Our results indicate that 
cadmium chloride (CdCl2.H2O), if present in fresh water bodies, may act as strong toxic agent for L. rohita. 
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INTRODUCTION 

 
Heavy metals are beneficial for living organisms under 
normal conditions but they tend to be toxic when their 
concentrations cross the established safe limits (Farombi 
et al., 2007; Patel and Bahadur, 2011). Presently, heavy 
metal environmental pollution becomes an alarming 
signal and global issue for man, as it may cause 
deleterious and adverse effects on the existing natural 
ecological balance of the recipient environment 
(Vutukuru, 2005). The diverse causative factors and the 
sources of contamination of the essential and non-
essential heavy metals, such as zinc, copper, cadmium, 
in aquatic environment are numerous that is, increased 
urbanization, expansion of industrial activity, industrial 
wasteful effluents, exploration of natural resources, muni-  
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cipal wastes, and frequent use of automobiles (Ashraj, 
2005; Vosyliene and Jankaite, 2006; Vinodhini and 
Narayanan, 2008; Saxsena and Garg, 2011). Besides 
these, the most common source of heavy metal toxicity is 
from dental amalgam fillings and other metal dental 
appliances (Farombi et al., 2007). It is informed that 
these heavy metals when present in high enough con-
centrations interfere in the metabolic disciplines, inducing 
thereby the chronic stress conditions that have negative 
effect on the lives of the living organisms; because they 
decline the life sustaining physico-chemical properties of 
the environment (Patel and Bahadur, 2011; Baki et 
al.,2011). Biochemical effects of essential and non-
essential heavy metals like cadmium, mercury, and lead 
on fish and other aquatic animals have recently been the 
topic of interest, because freshwater bodies in developing 
countries like India and Pakistan are tending to be highly 
contaminated by the direct or indirect discharge of 
untreated waste, dumping of industrial effluent and run- 
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off from agricultural fields (Uysal and Emre, 2011; Patel 
and Bahadur, 2011; Saxsena and Garg, 2011).  

In fish, gills, liver, and kidneys are pivotal organs 
primarily involved in respiration, osmoregulation, de-
toxification, biotransformation and excretion respectively 
(Iqbal et al., 2004; Waqar, 2006; Vesey, 2010). The kinds 
of histopathological abnormalities observed most 
commonly in fish are hepatic and renal lesions upon 
exposure to heavy metals (Iqbal et al., 2005). These 
abnormalities are important for evaluating the biological 
effects of metal contamination because numerous field 
and laboratory studies have established a putative 
cause/effect relationship between the prevalence of 
hepatic and renal lesions and exposure of fish to heavy 
metal toxicity (Wang et al., 2004; Uysal and Emre, 2011; 
Patel and Bahadur, 2011; Gernhofer et al., 2001).  

Cadmium toxicity is pronounced because its concen-
trations are continuously increasing in the environment. 
Its biological role in living organisms is unknown although 
it is the major contaminant of aquatic ecosystems, 
causing thereby detrimental effects on aquatic organisms 
(Jiraungkoorskul et al., 2006). Other sources of aquatic 
contamination with cadmium are diverse, for example, the 
use of cadmium as a coloring agent, acting as stabi-lizer, 
in mining and smoldering units, metallurgical operation, 
electroplating industries manufacturing vinyl plastics, 
electrical contacts, metallic, plastic pipes, paper, ceramic 
industries, pigments and in alloy mixtures (Gupta et al., 
2003; Drastichova et al., 2004; Patro, 2006).  

Ascorbic acid (vitamin C) is an indispensable co-
nutrient in aqua-feeds and an essential nutrient for a 
number of aquatic animals (Patro, 2006). It is strong 
reducing agent in various tissues and it is required to 
balance the cellular and biochemical, physiological 
processes, including growth, immunity, and reproduction 
of different animals including fish. It is also informed that 
vitamin C may act as anti carcinogenic and anti muta-
genic. It has been reported that high levels of ascorbic 
acid are efficient in reducing toxicity, preventing disease 
and enhancing fish tolerance to environmental stress 
(Wang et al., 2004).  

Rauf et al. (2011) reported in Pakistan that, the level of 
cadmium in various freshwater bodies such as in River 
Ravi is in range of 2.46 to 8.52 mg/L which is alarming 
and will affect the aquatic life. Little information is avail-
able regarding the effect of cadmium on the histology of 
vital organs in Labeo rohita, the commercially most 
important carp species in Pakistan. Present study was 

designed to investigate the detrimental effect of CdCl2 on 
the vital organs, gill, liver and kidneys of L. rohita and to 
determine whether ascorbic acid plays a role to balance 
or reduce the damage done by the heavy metal. 

 

MATERIALS AND METHODS 
 
Animal collection 
 
215  juveniles  of  freshwater  Cyprinid  fish,  L.  rohita,  of  both  sex 

  
  

 
 

 
(body length 7.265 + 1.521 cm and body weight 9.571 + 1.536 g) were 

obtained from the Faheem fish farm, Mattital Road, Multan and were 

transported to Fisheries Laboratory, Institute of Pure and Applied 

Biology at Bahauddin Zakariya University, Multan, (Punjab), Pakistan 

and acclimatized for 30 days to laboratory conditions. All the 

experimental procedure and fish handling protocols were approved by 

Ethical Committee of Zoology Department.  
The physicochemical characteristics of water were measured 

daily, according to the experimental procedures described in 
Standard Methods for the Examination of Water and Wastewater 
(APHA, 1998). A 16:8 h light-dark cycle was maintained throughout 
the experiment. Fish was fed twice a day with 30% protein 
containing commercial fish food. The quantity of food was 3.5% of 
the initial body weight per day. 

 

LC50 determination 
 
For determination of 96 h LC50 values, each group of 22 juveniles of 
L. rohita was exposed to one of the 11 concentrations; 1.5, 2.0, 2.5, 
3.0, 4.5, 6.0, 8.5, 10.5, 15.0, 20.5 and 25.5 mg/L of cadmium 
chloride [Cd Cl2.H2O]. Fish mortality was observed after 12, 24, 36, 
48, 60, 72, 84, and 96 h. LC50 values were calculated following 
Iqbal et al. (2005). 

 

Experimental design 
 
Fish were exposed to sub lethal concentration, 11.46 mg L

-1
, of 

cadmium chloride (CdCl2.H2O). Groups, each containing 32 L. 
rohita were exposed to one of the following four treatments: Group 

1, heavy metal free distilled water; group 2, 11.46 mg L
-1

 

CdCl2.H2O; group 3, 450 mg kg
-1

 body weight of ascorbic acid and 

group 4, combination of 11.46 mg L
-1

 CdCl2.H2O and 450 mg kg
-1

 
body weight of ascorbic acid. All experiments were carried out in 
semi-static systems with water renewal after every 12 h following 
Little and Brewer (2001). 

 

Histological study of the vital organs 
 
At the end of experiments, gill, liver and kidney were surgically 
removed from each treated and untreated fish, sliced and fixed in 
fixative solution (containing ethanol, formaldehyde and glacial 
acetic acid: 1:3:7) followed by dehydration in ethanol, clearing in 
Cedar wood oil and embedding in Paraffin (Iqbal et al., 2005). 
Sections of 2 µm were then cut at a microtome and stained with 
hematoxylin-eosin. Light microscopy was performed and stained 
section was photographed under photoscope. 
 

 

RESULTS 
 

LC50 Value of CdCl2.H2O 
 

The 96 h LC50 value for experimental group of L. rohita 

treated with cadmium chloride was 22.92 mg/L. In a 
separate experimental series (data not shown), groups of 
22 juveniles of L. rohita were exposed to one of the 11 
concentrations of ascorbic acid 50, 100, 150, 200, 250, 

300, 350, 400, 450, 500 and 550 mg kg
-1

 body weight 

along with sub lethal (11.46 mg/L) concentration of 
cadmium chloride to investigate whether ascorbic acid 
minimizes the detrimental effect of heavy metal or not. It 

was observed that 450 mg kg
-1

 body weight of ascorbic 



3 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Sections (2 µm thick) of liver of the control fresh water Cyprinid, L. rohita. (A) Central vein (arrow) and 
sinusoids (double arrow). (B) Hepatocytes (black arrow) and Kupffer cells (green arrow). 

 

 

acid may reduce the detrimental effect of cadmium 
chloride. 
 
 
Histological changes in gill structure 

 

Light microscopic examination of the photomicrograph of 
the vertical section of the gills revealed no significant 
alteration in the arrangement of primary and secondary 
lamellar processes of control and experimentally treated 
groups. The primary gill lamellae in the microscopic 
sections showed the normal anatomy with quite flat leaf 
like structures having a central rod like supporting axis 
and a row of secondary gill lamellae on each side of it. 
The secondary lamellae (SL) were equally spaced along 
the columnar structures with intact cellular layer attached 
at their bases with the primary lamellae and free at their 
distal ends. The normal secondary lamellar epithelium 
was simple, consisting of a thin single sheet of epithelial 
cells, blood vessels and a row of pilaster cells. The region 
between the two adjacent secondary gill lamellae is 
known as inter-lamellar region and it did not exhibit any 
abnormality in the normal structure in control and treated 
groups of fish. 
 

 

Histological changes in liver 

 

Liver is composed of roundish polygonal hepatocytes, 
within the network of minute canalicules, containing 
centrally placed spherical large prominent nucleus. In 
liver histology of control group (Figure 5a), the bile duct, 
blood capillaries, and sinusoids were randomly distri-
buted. The sinusoids were filled with erythrocytes. The 
hepatocytes around the central vessels appear to be 
lightly arranged in a rosette like pattern with appro-
ximately 10 to 12 cells in each group (Figure 1).  

Hepatic tissues of the fish exposed to cadmium chloride 
showed high degree of congestion of central 

 
 

 

vein, resulting to hemorrhage and fatty change was 
prominent along with darkly stained hepatocytes. An 
increase of Kupffer cells and intrahepatic lymphocytes 
was also observed (Figure 2).  

No change in hepatocytes, their nuclei and Kupffer 
cells was observed when liver histology was compared 
between ascorbic acid treated group and untreated 
(control) fish (Figure 3).  

In group 4, where fish were treated with combination of 
cadmium chloride and ascorbic acid, similar abnormal-
lities were observed in liver histology as those observed 
in the cadmium treated group but these changes were 
less severe indicating that ascorbic acid does detoxify the 
effect of heavy metal to some extant (Figure 4). 
 

 

Histological changes in kidneys 

 

The most prominent alterations investigated in the 
kidneys of L. rohita were the degeneration of the 
glomerular tissue, occlusion tubular lumen and necrosis 
in the series of cadmium chloride treated groups (Figure 
5b), but the sections of the kidneys of ascorbic acid 
treated groups showed normal histology (Figure 5c). It 
was interesting in our findings that less severe impact of 
cadmium chloride was observed when applied in 
combination with ascorbic acid to treated groups (Figure 
5d). 
 

 

DISCUSSION 
 
Cadmium, a non-essential, non-biodegradable heavy 
metal has been included in the “Black list”, because 
cadmium exerts most of their toxicity by destroying 
important proteins by stealing off sulphur from them, 
many of which are enzymes, hormones, or cell receptors 
(Mason, 1996) while ascorbic acid is best known for its 
antioxidant activity in its mode of action, by protecting the 
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Figure 2. Sections (2 µm thick) of liver of the cadmium 
chloride treated fresh water Cyprinid, L. rohita. 
Congestion of central vein, resulting in hemorrhage 
(single arrow) and fatty change (double arrow) and dark 
stained hepatocytes (triple arrow). An increase of 
Kupffer cells (green arrow). An increase in intrahepatic 
lymphocytes (double green arrow).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Sections (2 µm thick) of liver of the ascorbic 
acid treated fresh water Cyprinid, L. rohita. Central vein 
(single arrow) and sinusoids (double arrow). Hepatocytes 
(triple arrow) and Kupffer cells (green arrow). 

 

 

structure and membrane fluidity of biological system. The 
aim of the present study was to determine if ascorbic acid 
supplementation nullifies the damage caused by 
cadmium chloride to the histology of gill, liver and kidney 
of L. rohita.  

In fish, the gills remain in direct contact with the 
immediate external environment, thus they are useful 
biomarkers for any change in the quality of water, as they 
are sensitive to any detrimental changes (Mazon et al., 
2002; Fernandes and Mazon, 2003; Patel and Bahadur, 
2011). No prominent alteration in gill histology was 
observed in present study. Our results are contradictory 
to Ribeiro et al. (2000) and Martinez et al. (2004) who 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Sections (2 µm thick) of liver of the 
cadmium chloride and ascorbic acid treated fresh 
water Cyprinid, L. rohita. Fatty change (double arrow) 
and dark stained hepatocytes (triple arrow). 

 

 

had reported visible changes in gill structure upon heavy 
metal exposure in fish.  

Our study reveals that cadmium chloride had 
detrimental effects on the liver histopathology of L. rohita. 
Cadmium can be taken up by the candidate fish through 
at least four routes; the food ingestion, simple diffusion 
via gills pore, through drinking process and by intestinal 
or skin absorption (Sindayigaya et. al., 1994; Fanta et al., 
2003). The hepatocytic abnormalities were observed by a 
number of researchers following exposure of various 
heavy metals including cadmium; these heavy metals 
show affinity to interact with legends in proteins parti-
cularity; enzymes and these may retard their biochemical 
and physiological activities in living organisms, thus 
causing adverse effects in them (Filho et al., 2001; Fanta 
et al., 2003; Samanta et al., 2005; Patel and Bahadur, 
2011). We have observed sinusoidal dilatation in fish 
exposed to cadmium chloride. Nobuyoshi et al. (2005) 
has reported that the liver being the detoxification center 
of the body receives cadmium quickly and frequently 
hence it suffers from increased arterial flow leading to 
sinusoidal dilatation. In our study, an increase of 
intrahepatic lymphocytes (Kupffer cells) and fatty change 
were observed in cadmium treated fish, indicating that 
the liver is severely affected by the toxic chemical leading 
to the loss of typical metabolism. Our results are in 
agreement with Wang et al. (2004) and Palacios et al. 
(2000) who had observed that the lymphocytes were 
directly or indirectly involved in the immunopathogenesis 
of chronic or acute liver diseases.  

The fish kidneys are one of the first and foremost 
organs to be affected by the detrimental effects of the 
metals toxicity in water (Thophon et al., 2003). In the 
present study, degeneration of the glomerular tissue, 
parenchymatous cells, occlusion tubular lumen and 
necrosis were observed which are the most probable 
changes in the fish kidneys, caused by water borne metal 
contamination. These results are in agreement with 
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Figure 5. Sections (2 µm thick) through kidney of L. rohita. A, Control group: normal kidney histology. Normal 
glomerulus (green arrow) and normal proximal tubule (double arrow). B, Kidney section of fish exposed to 
CdCl2.H2O; arrow showing degeneration of the glomerular tissue (black arrow), necrosis and apoptotic cells (double 
arrow) and occlusion tubular lumen (green arrow). C, Kidney section of fish exposed to ascorbic acid, showing 
normal kidney histology. D, Kidney section exposed to both CdCl2.H2O and ascorbic acid, arrow showing the 
glomerular degeneration and necrosis. All photographs are taken X400 of original. 

 

 

findings of Reimschuessel (2001), Veiga et al. (2002), 
Pacheco and Santos (2002) and Thophon et al. (2003). 
The induction of tubular degeneration, coupled with the 
presence of necrosis in the kidney in our study indicates 
that the kidneys had suffered detrimental damage 
induced by the exposure of cadmium. The development 
of new nephrons in fish continues throughout life 
(Reimschuessel, 2001). During the process of recovery of 
damaged kidney in fish, an increase in the frequency of 
new nephrons and regeneration of tubules has been 
reported previously (Hinton and Lauren, 1990; Cormier et 
al., 1995; Reimschuessel, 2001). In our study, new 
nephrons were observed relatively less. It might be 
suggested that the short period of metal exposure had 
not been sufficient to start the process of regeneration, as 
this process of regeneration of nephrons normally takes a 
period ranging from two to four weeks after the exposure 

 
 

 

to the pollutants (Reimschuessel, 2001) and could be 
completed even in two months (Gernhofer et al., 2001). 
 
 
Conclusion 
 
Our results conclude that histopathology is a powerful 
biomarker for evaluating the quality of the environment. 
We had observed that cadmium chloride may act as 
strong toxicant for the commercially most important fish 
in Pakistan, L. rohita, as it severely affects the histology 
of liver and kidney, and ascorbic acid supplementation do 
detoxify the effect of heavy metal to some extent. 
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