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 Abstract
Tissue changes of common carp, Cyprinus carpio weighing 700 g following 15 and 30 days of exposure to sublethal concentration of cadmium and effect of the ion-exchanging agent zeolite (clinoptilolite) on the reduction of cadmium toxicity were studied grossly and histopathologically. The fish were divided into 4 groups ( 1 to 4 ) in 1000 litre fiberglass tanks supplied with well water  [hardness 302.6 mg CaCo3/l ,pH 7, O2 8 mg/L  and temperature 15 ± 2 ºC ] and continuous aeration. Group 1 and 2 were control groups. Group 1 was without any cadmium and zeolite addition, Group 2 was with 10g/L (10 ppt) zeolite and without cadmium, group 3 was exposed to 30 ppb cadmium and group 4 was exposed to 30 ppb cadmium in addition 10 ppt zeolite. The tissue samples from: spleen and kidney were collected 15 and 30 days post exposure and processed by histological procedures. The main lesions in cadmium exposed groups were: (1) proliferative glomerulitis and acute tubular necrosis in kidney; (2) haemosidrosis and lymphoid depletion in spleen. The histopathological changes in cadmium exposed group (group3) were more severe than cadmium plus zeolite added group (group 4). The lesions in groups after 30 days exposure to cadmium were more severe in compare with the day 15th. The exposure duration was important parameter in severity of the tissue lesions. In order to know the able of zeolite in absorption of cadmium in contaminated water six glass aquaria (60l) supplied with well water without fish were used in this experiment. In three of the aquarium 30 ppb cadmium and 10g/L zeolite were added and in another30 ppb cadmium were added considered as control for 30 days. Cadmium level was evaluated in each aquarium two times weekly throughout the experiment using atomic absorption spectophotometer. According to the obtained results cadmium was significantly reduced in treated water in compare with control group.
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Introduction

Histology provides a rapid method to detect effects of irritants, especially chronic ones, in various tissues and organs (Johnson et.al 1993) (9).

Cadmium is a non-essential element that can have severe toxic effect on aquatic organisms when present in excessive amount (1, 14). Cadmium is important because of its use in various industrial processes, as by-product of zinc mining, fossil fuel, base metal smelting and combustion. Many studies have highlighted the role of sub-lethal concentration of cadmium in changing haemological parameter in  Hetroclarias (10) and lysozyme, leukocyte count and phagocytic index in Cyprinus carpio (6).  Histopathological changes in common carp kidney were reported by Singhal and Jain, (1997) (12). Randi et al. (1996) (11) studied the histopathological effects of cadmium on the gill of Macropsobrycon uruguayanae.  Tophon et al. (2003) (15) reported histopathological alterations of white sea bass,Lates calcarifer in acute and subchronic cadmium exposure. The effects of zeolite on reduction of cadmium toxicity in Orechromis mossambicus were shown by James and Sampath in 1999 (7). The effects of different levels of Iranian natural zeolite, clinoptilolite, (0, 4, 10 and 15 g/L) on water quality, growth and nutritional parameters of fresh water aquarium fish, angel, Pterophyllum scalare were reported by Ghiasi et al. (2012) (4), Accumulation of cadmium in kidney and liver following following exposure to low concentration of cadmium were shown by author (2011) (5). The main purpose of this study was to determine the pathological effects induced by sub-lethal concentration of cadmium in kidney and spleen which known as lymphoid organs in fresh water fish Cyprinus carpio and the abilities of natural zeolite (clinoptilolite) in reduction of alterations in the target tissues. 


Materials and methods  
                                                                       
Trial1: 
Common carp were obtained from a local fish farm were acclimated in holding tank for 1 week, then 48 apparently healthy fish, mean weight 700 g were randomly divided into four groups (1-4) in 1000 litre indoor fiberglass tanks supplied with well water (hardness 320.6 mg/L as CaCo3, dissolved oxygen 8 mg/L, pH 7, temprature15 ± 2ºC), without water flow and with continuous  aeration. Group 1 and 2 were control groups. Group 1 was without cadmium and zeolite and in group 2 10 g/L zeolite was added. Group 3  exposed to 30 ppb cadmium as CdCl2 (Merck) for 30 days and group 4  exposed to 30 ppb cadmium in addition 10g/L zeolite granules. Natural Iranian zeolite obtained from Semnan mine is used in current study. Water quality was measured throughout the exposure two times weekly. Fish were not fed during the experiment. Five fish from each tank were euthanized and sampled for tissues material containing kidney, and spleen, at day 15 and 30 post exposure. Tissue samples were fixed in 10 % buffered formalin, embedded in paraffin, Sectioned at 5µ, and stained with hematoxylin and eosin (H&E) for histopathology. 
Trial 2:
Six glass aquaria (60L) supplied with well water with expressed conditions and without fish were used in this trial. In three of the aquarium 30 ppb cadmium and 10g/L zeolite were added and in another30 ppb cadmium were added considered as control for 30 days. Cadmium level was evaluated in each aquarium two times weekly throughout the experiment with a Shimatzo AA- 670 atomic absorption spectophotometer.
                                                           
  Statistical analyses 
The control and exposure fish data were analyzed with t-student test and data were significant at p≤0.001.
     
Results 
In this study mortality and behavioral changes were not observed over the 30 days exposure to 30 ppb cadmium. Histopathological changes in tissues after 15 days in cadmium exposure fish (group 3) were observed as following:
In kidney: Mild proliferative glomerulitis and foci of hemorrhage in renal parenchyma (Fig.2, 3) In Spleen: hypermia (Fig:14), 
After 15 days alterations in group 4 were recorded as follows: 
In kidney: Foci of hemorrhage in renal parenchyma, In Spleen: hypermia, 

After 30 days post challenge histopathological alterations in group3 were as follows: Acute tubular necrosis  (ATN), cell swelling of the proximal tubules lining epithelium (Fig.1, Fig11), Proliferative glomerulitis, hyperemia in capillary tuft (Fig.2)and diffuse hemorrhage in renal paranchyma were present (Fig.13). Hyperemia, lymphoid depletion (Fig.7), local accumulation of haemosiderin, oedema of the wall and hypertrophy of the endothelial cells of arteriols in the spleen were seen (Fig.8). 
Histopathological changes in tissues after 30 days in cadmium plus zeolite exposure fish (group 4) were observed as follows:
 In Kidney: Foci of hemorhage in renal parenchyma, mild proliferative glomerulitis, cell swelling of the proximal tubules lining epithelium. In spleen: Hyperemia, lymphoid depletion, oedema of the wall and hypertrophy of the endothelial cells of and local accumulation of haemosiderin, 
Trial2: The results showed that cadmium amounts in zeolite treated aquaria were significantly (p< 0.001) lower than contaminated aquaria in control group. 


  Discussion
The results of this study support the observation of Jaroup et al. (1993) (8) and Singhal & Jain (1997) (12) that reported cadmium induce tubular necrosis and renal dysfunction. The cadmium induced histopathological changes observed in the kidney and gill of Cyprinus carpio were similar to lesions shown in other fish due to heavy metal toxicity by Singhal & Jain ,1997 and Randi et al. (1996) (12,11). Our study results showed, at days 15 and 30 the histopathological lesions in group 3 were more severe than group 4 which exposed to cadmium and zeolite, As our finding after 15 day proliferative glomerulitis were not seen in group 4 and 30 days post challenge hemorrage in renal parenchyma is expanded when compared to group 4, also necrotic changes such as ATN only in cadmium exposure group were observed. Hence the present study confirm that addition of zeolite to cadmium contaminated water reduce the histopathological effects of cadmium. In previous study natural zeolite abilities in reduction of cadmium level in different tissue of common carp experimentally exposed to low concentration of cadmium were shown by Ghiasi et al. (2011) (5). In this study cadmium level in zeolite added glass aquaria in the days (0),(15),and (30) were 30±0, 9.6±0.45 and 6.8±0.40.  Decreasing in cadmium level in water and consequently in target tissues can be the important reason for decreasing the severity of histopathological changes in fish that exposed to cadmium plus zeolite in compare with fish in group subjected to cadmium without zeolite. However there is not much information on the optimum dosage of zeolite that is required to reduce cadmium toxicity and needs more experiments. It was relation between occurrence of pathological changes and exposure time. It seems with increasing exposure time, severity of pathological lesions increased so that at day 15 in the kidney and spleen main lesions were included mild proliferative glomerulitis and hypermia respectively while ATN and diffuse hemorrhage in kidney, sever lymphoid depletion and hypertrophy of the endothelial cells of arteriols in spleen were seen in group 3 at the day 30th. In accordance with our findings Randi et al. (1996) (11) were reported that sub-lethal histotoxicity of cadmium depends on exposure time and cadmium concentration. Also the results of this study are support by Ghiasi et al. (2011) (5) who reported the role of zeolite in cadmium decreasing in water and in target tissues is time dependent. In conclusion our findings indicate that cadmium at low concentration can cause pathological damage in kidney and spleen of common carp and we can reduce the risk of cadmium toxicity by zeolite, but for clear detection of the damages we  need to use quantitative histopathology methods. 
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