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Abstract: AS Cadmium is a widespread toxic environmental and industrial pollutant. The present study was carried out to investigate the possible effect of cadmium chloride ( CdCl2)on memory, exploratory motor activity  (EMA )and motor balance in male rats. Forty five male Wistar rats weighing (100-120 gm) were administered CdCl2 in drinking water at one of three concentrations; 0 ,5 and 50 mg/ L dissolved in water for a period of 60 days.  Memory retention was evaluated through open-field habituation test (non associative learning), classic maze test (associative learning) as well as working spatial memory in a Y-maze.Moreover, exploratory motor activity and motor coordination were evaluated. Brain tissue specimens, representing all treatment groups, were taken for histopathological and biochemical examination.

 The average body weight significantly lower in group of rats exposed to high CdCl2 doses.

Open field revealed marked impairment in habituation with noticed influence on both anxiety and fear in rats exposed to high CdCl2 .Moreover, learning  and memory assessed during classic maze test and Y-maze test showed reduced memory retention in cadmium exposed  animals as   compared to control group .In novelty acquisition test ,a reduced exploratory motor activity in rats exposed to high CdCl2 was noticed .Additionally ,complex motor behaviour (motor coordination)was significantly impaired due to cadmium intoxication. Furthermore, ,histopathological and biochemical evaluation revealed distinct neurodegenerative changes of  nerve cells especially in hippocampus , inhibition of cholinesterase activity ,as well as decrease in the antioxidant enzymes activity (GST  and SOD).

  Overall, these results suggest that intoxication with cadmium chloride has potentially deleterious effects on brain as reflected in impairment learning and memory. Also exploratory motor activity and motor coordination were reduced.
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1. Introduction

Humans and animals interact with their environments on a daily basis and as a consequence are exposed to a broad spectrum of synthesized chemicals present in the food they eat, the air they breathe and the water they drink (Wade et al., 2002). It is a widespread toxic environmental and industrial pollutant. Cadmium has been released into the environment through human activities and is routinely found as a contaminant in tissues collected from the human population throughout the world (Newsome et al., 1995). 

       Cadmium is unique among the other metals because of its toxicity at a very low dosage and long biologic half life (30 years in human) and its low rate of excretion from the body (Jones and Cherian, 1990). It is listed by the U.S. Environmental Protection Agency as one of 126 priority pollutants. 

        Acute-Cd exposure  results in pulmonary edema and respiratory tract irritation, whereas chronic exposure to Cd often leads to renal dysfunction, 
anemia, osteoporosis, and bone fractures (Friberg et al.;1986 , Goering,et al.;1995), Cd is  carcinogenic for a number of tissues ( Waalkes;2000 ) and is classified by IARC(1993) as a human carcinogen. 

       In laboratory animals, acute Cd poisoning produces primarily hepatic and testicular injury, whereas chronic exposure results in renal damage, anemia, and immuno- and osteotoxicjty (Goering, et al.; 1995, Klaassen, et al.; 1999). Cadmium can enter into the brain parenchyma and neurons (Nishimura et al., 2006) causing neurological alterations in humans (Rose et al., 1992) and animal models (Lukawski et al., 2005) leading to lower attention, olfactory dysfunction and memory deficits. Additionally , there are studies showing the neurotoxicity  of cadmium on cell culture models like neurons and glial cells ( Im et al.,2006; Lo'pez et al.,2006; Nishimura et al., 2006 ). In contrast, there are few studies discussing the effect of cadmium on learning and memory in rats.

       Regarding the locomotor activity and motor balance,decrease in distance traveled, stereotypic time and movements, ambulatory time and vertical movements were observed in Cd-exposed rats ( Ali et al .,1990).

       A variety of neurobehavioural and biochemical effects are produced on the nervous system of rodents given repeated doses of cadmium (Murphy, 1997).It has been suggested that the mechanism of Cd toxicity involves production of reactive oxygen species and free radicals (Manca, et al.; 1994, Stohs et al.; 2001). In animals, the various toxic effects induced by cadmium may be due to increased lipid peroxidation (Manca et al., 1991; Calderoni et al., 2005). The increase in lipid peroxidation may be attributed to alter​ations in the antioxidant defense system (Ognjanovic et al., 1995). This defense system includes the enzymes glutathione peroxidase, thioredoxin reductase as well as the reduced glutathione (GSH), which normally protect the biological system against free radical toxicity (Sarkar et al., 1998; El-Sharaky et al., 2007). Neurotoxicity was still not regarded to certain specific reason, as Cd exhibits several effects on neural level concerning with neurochemical mediators like catecholamines, serotonin (Antonio and Leret 2003) and cholinergic transmission (De Castro et al., 1996). Assembly of cell membrane proteins and phospholipids may also be affected under Cadmium toxicity (Gerak-Kramberger and Sabolic 2001).
       To our knowledge no literatures are available to address the effect of cadmium , on learning and memory in rats .Furthermore , measurements of both associative and non associative learning  abilities as well as spatial working memory in rats are not well implemented  .

        So, the objective of the current study, was to evaluate the effects of Cadmium chloride solution ( 5 or 50mg) intake on two memory tasks in adult male rats as measured by open –field habituation ( non associative learning ) and classic maze    (associative learning ). Also, spatial working memory performance was measured in Y- maze. As the hippocampus and cholinergic system are greatly involved in the process of learning and memory, histopathological and biochemical examination were also carried out in order to detect neurodegenerative changes in brain. Additionally, exploratory motor activity ( EMA ) and motor coordination were evaluated as a result of neurodegenerative deficits .
2. Material and Methods 

2.1.: Animals:-

        Forty five Wistar male albino rats weighing about 100-120 gm were used in this study. Animals were raised in the Animals House Unit in Faculty of Veterinary Medicine, Cairo University. They were maintained in plastic cages with stainless steel wire lids; (bedded with wood shavings); on a standard laboratory feed diet. Animals were housed at constant room temperature (20-22 °C) ,60% humidity  and light cycle of 12h. /day.  
2.2.: Administration of Cadmium
        The animals (45 male rats) were divided randomly into three groups of 15 animals each. The first group served as the control and the animals were allowed ad libitum normal tap water during the experiment without any added cadmium. The other two groups of rats (experimental), were allowed ad-libitum tap water containing 5mg cadmium chloride/L dissolved in water (low dose) and 50 mg cadmium chloride / L dissolved in water (high dose), respectively (Waalkes et al., 1999).All animals were exposed to ad-libitum supply of low doses and high doses CdCl2 for 60 days in drinking water till completing all assessments of learning and memory behaviour test.

2.3. Open-field test:

         Habituation , a form of non associative learning, was measured in the open –field test (Kelly, 1993; Mello e' Souza et al; 2000 and Lea et al; 2008). The open field used was a square arena (90 cm x 90 cm x 25 cm), built from wood. The wood of the apparatus is covered with plastic laminate (Formica), which prevents absorption of fluids (urine of rats). The floor was divided by black lines into 36 small squares (15x15 cm) .The rats were gently placed in the corner of the arena and left to explore for 3 minutes. Crossings of the black lines and rearings performed were counted for three consecutive days.Also,number of fecal pellets in the arena were recorded The open field was cleaned with 10 % alcohol and water solution prior to behavioral testing to remove residues left by previously tested rats. The decrease in the number of crossings and rearings was taken as a measure of the retention of habituation (Lea et al; 2008).

2.4. Maze learning test (classic maze):

       Associative learning was assessed using classic maze test. The base measure of the maze was 100x60 cm and the walls were 25 cm high. The entire maze was made of wood with a glass cover to prevent escape of animals and allow observation. Testing was carried out between 09:00 and 15:00, where all groups were randomly allowed for testing at the same day. Male rats were deprived of feed for a 23 hours period before start of testing. Rats were given their daily amount of food as a reward at the end of the maze. Animals were given one trial per day for five consecutive days. Time elapsed to locate the feed at the end and numbers of entries of blind alleys were recorded according to Staddon (1983) . 

2.5. Spatial Y-maze memory:

       Spontaneous alternation in a single session was assessed in a Y –maze, which is used as a measure of short- term memory performance (Maurice et al; 1994 and Roghani et al; 2006).

Each arm of Y –maze was 40 cm long, 30 cm high and 15 cm wide (Roghani et al; 2006) and converged in an equilateral triangular central area with 15 cm at its longest axis. Rat was placed at the end of one arm and allowed to move freely through the maze for eight minutes. The sequence of each arm entry recorded manually.

Measure of spatial memory, was defined as the entry into all three arms on consecutive choices in overlapping triplet sets. The percent of spontaneous alternation beaviour was calculated as the ratio of actual to possible alternation.

2.6. Novelty exploration test:

        To investigate exploratory motor activity ( EMA ) in rats in the three studied groups, a "mini-holeboard" was designed that could be inserted into the base of a wooden box, with a floor (40 x 40 cm) and walls 50 cm. The mini-holeboard consisted of a dark platform (40 x 40 cm) which contained a hole (diameter 5.5, depth 5 cm) in each quadrant. A small object, which differed from in scent and texture, was placed in each hole (stimulus- rich). Exploratory behaviour of rats including numbers of rears and head-dips (to examine the interior of ,or the objects within the four holeboard holes )were counted during the 15- min. exposure period of the rats to the holeboard (Vaughan and Braunewell, 1999).

2.7. Psychomotor testing (Motor complex behaviour):
        Animals of the three groups were examined with two different motor tests (rod walking and plank walking).

Rod walking: The ability of rats to balance on a stationary, horizontal rod, measures psychomotor coordination. Male rats were placed in the center of a rod ( 100 cm long , 26 mm in diameter , positioned 23cm above the table surface ), parallel to it , and their latency  to fall off the rod onto a cushion  below was recorded ( max . score = 60 s ) .

Plank walk  test : Balance and coordination were measured by exposing the rats to one trial on each of  two horizontal planks ( wide= 25 mm and narrow = 13 mm ) , each 100 cm long , placed 34 cm above the table top .Distance traveled ( in cm ) and number of turns on the planks were recorded and averaged for each trial ( Barbara et al , 1998 ).

2.8. Body weight and brain weight:
       All male rats per group were weighed at the onset of treatment  and weekly throughout the study. At the end of the study, five rats from each group were scarified by decapitation; brain of each animal was removed, cleaned and weighed.

2.9. Biochemical examination:
       At the end of experiment five rats from each group were sacrificed by decapitation. Brain of each animal was taken on ice cold. Then homogenized in phosphate buffer with PH 8 (W/V), centrifuged at 1500 rpm for 10 min. The supernatant fluid froze at -20°C until assayed for further analysis.

- Acetylcholine esterase (AChE) activity was determined using acetylcholine iodide as a substrate according to the method of Elman et al., (1961).
- Estimation of lipid peroxidation. Enzymatic activity for oxidative stress were estimated including Glutathione-s-transferase (GST) and superoxide dismutase (SOD) according to methods of Habig et al., (1974) and Giannopolitis & Ries (1977), respectively.

-  Total protein (TP ) was determined by lowery's method (Lowry et al., 1951).

2.10. Histopathological examination:
       Tissue specimens from brain of all experimental rats were collected at the end of the study and fixed in neutral buffered formalin, processed by conventional method, embedded in paraffin, sectioned at 4-5 um and stained by Haematoxylin and Eosin (Bancroft et al., 1996).

2.11. Animal Care
       All animals received humane care as well as the approved ethical rules .Animal care was in compliance with applicable guidelines from Cairo University policy on Animal Care and Use.
2.12. Statistical analysis:
       Statistical analyses were performed by using SPSS statisti​cal software package. Data are presented as means with their standard error. Normality and homogeneity of the data were confirmed before ANOVA, differences among the experimen​tal groups were assessed by one-way ANOVA followed by Duncan's test.

3. Results 

3.1.Open field test :

       In the open- field habituation (Table 1.), a significant effect of Cd regarding the number of crossed squares, number of rearings and number of faecal pellets was observed .

These parameters exhibited significant differences between high dose group (50 mg Cd) and control one. Where the group of rats treated with high dose of Cd showed a significant increase in the locomotor behaviour in the field (crossing of squares & rearings) (p< 0.01 ), the mean  values were 57.90±8.26 and 19.61±3.13 when compared to the control group (26.70±2.22 and 7.02±0.82). So, over the three test sessions , impairment in habituation was markedly seen in high CdCl2 group compared to other treatments  .  Also, there was a significant increase in motor activity in the field ( p<0.05 ) in male rats treated with low doses of cadmium .

 Concerning the number of faecal pellets in the field (vegetative behaviour), there was significant differences between the high dose group and the control one, as the mean values were (5.03±0.26 and 2.22±0.31) respectively. This indicates that, with habituation impairment, fear and excitation increased in the group treated with high dose of cadmium, as rats defecated more frequently.

3.2. Maze learning Test : ( classic maze )

        Learning  and memory assessed over five days of maze test ,showed that group of animals exposed to high concentrations of  CdCl2 took longer time to locate feed ( Table .1 )
 ( 1.68 ± 0.44  minutes , p <0.05 ) , with higher frequency for entering blind alleys  (3.53±0.42).

These results demonstrating poor memory retention relative to cadmium intoxication .

Regarding mean values of time elapsed and number of errors of low dose group, showed a non significant differences ( 1.34± 0,29 minutes and 3.31±0.58 ) . 

3.3. Spatial Y-maze memory :

       In Table (1), the mean percent of spontaneous alternation behavior for high dose Cd, low dose Cd and control group were (36.99±3.45, 39.21±4.25and 60.70±3.36 respectively). There were significant differences in working spatial memory observed among the examined groups (P> 0.01 and P> 0.05 respectively). Furthermore, there were significant difference (p> 0.01) in the mean of total number of times the animals entered arms (19.80±1.82, 19.09±1.73 and 12.13±0.63) for high dose, low dose and control group respectively.

3.4.Novelty exploration test :

       A significant results in exploratory activities was found between treatments during novelty exposure. Number of both rearing and head dipping were significantly lower in high treated group (Table.1) (p<0.05 ) in comparison with the low dose Cd group and control group . Thus, a less degree of exploration was noticeably showed in rats with high doses of Cadmium intoxication in the novel environment.

3.5. Performance on psychomotor testing:

       Complex motor behaviour (motor coordination), as measured by rod walk and plank walk, declined significantly in rats exposed to high concentration of Cd .( table ,2 ) .

3.6. Biochemical examination :

       There was a significant decrease ( p < 0.05 )in acetylcholinesterase activity in the brain of Cd treated groups ( Table 3 ). Concerning brain oxidative state, significant decline was noted markedly in SOD , while no changes  were recorded in GST level in brain of Cd  intoxicated groups. .Also, there was a significant reduction (p<0.05 )  in the brain total protein  of CdCl2 treated groups ( Table 3 ).

3.7. Histopathological examination :
       The brain of rats treated with low dose and high dose of cadmium were macroscopically slightly congested. Microscopically, brain sections of rats treated  with low dose of cadmium revealed  neuronal degeneration ,pyknosis of neurons ( Fig.1 ) and neuronphagia of pyknotic neurons ( Fig.2 ). Moreover, brain of rats treated with high dose of cadmium  showed congestion of blood vessels , necrosis of neurons ( Fig . 3 ) , neuronphagia , focal gliosis ( Fig .4 ) as well as hemorrhage  in Virchow space ( Fig.5 ) and necrosis of Purkinje cells of the cerebellum ( Fig.6) .In  hippocampus the pyramidal cells appeared  atrophied and necrosed ( Fig .7 ) . Meanwhile, brain of control , untreated rats  , showed no histopathological changes (Fig.8 ).

3.8. Body weight and Brain weight:

        Body weight was significantly ( p < 0.05 )  low in groups of animals  exposed to high concentrations of CdCl2  , compared to those exposed to low doses of CdCl2  and in control group ( Table.3 ).

       Lower brain weight was significantly( p<0.05 ) seen  in rats exposed to high  and low concentration of CdCl2  (1.82±0.13 gm  and  1.82±0.23 gm ) compared to rats in control group (2.38±0.63 gm ) ( Table,3 ) .

4. Discussions 

The main findings of the present study are learning impairment in the open – field habituation, maze learning test and spatial Y- maze memory which induced by higher cadmium chloride intake in male rats.

          The results are in agreement with animal data that showed memory impairment in cadmium intoxication (Lehotzky et al; 1990). In the present study , the open field test provides simultaneous measures of both habituation and anxiety .Long term habituation to a novel environment is one of the most elementary forms of non – associative learning . In this study, where reduction in spatial exploration during test session was taken as an index for memory habituation ( Montag-Sallaz et al .,1999). An impairment in the open field habituation was noticed in CdCl2  treated groups. Moreover, animals treated with high cadmium were more fearful and highly anxious. Supportive evidence derived from increasing number of fecal boil. The latter was considered the most credible criteria for judging anxious animals.

        In addition, associative learning in classic maze, declared that, rats with high doses of cadmium, demonstrated higher latency with increased numbers of errors in the maze reflecting a poorer memory retention relative to other treatments. 

        In Y- maze test, the treated groups of rats showed significant decrease in alternation behaviour scores in comparison with the control group and there was a significant difference in total number of times the animals entered the arms . Where groups of animals exposed to high concentrations of cadmium, showed higher frequency for entering arms. A proof that there was impairment in working spatial memory. These results confirmed that cadmium intoxication impair learning and memory.  In a cadmium toxicity study for Baranski et al , ( 1983) , a decreased acquisition of avoidance behaviour and alterations  in behaviour in open field in adult rats was noticed .

         The neurotransmitters in the central nervous system have important roles in normal functioning and behaviour of the adult individual. They interact with each other in complex networks in the process of learning and memory, in which acetylcholine is proposed to have a central role ( Decker and McGaugh ;1991 ). Acetylcholinestrase (AChE) is an enzyme that responsible for hydrolyzing and so deactivating acetylcholine in the body. It is a good indicator of sublethal toxicity by heavy metals (Forget et al., 1999). Brain contains 2 forms of AChE, membrane bound forms constitute 90% of the enzyme and soluble form represents the rest 10% (Atack et al., 1986 and Mortensen et al., 1998). Level of the soluble form considered a simple and sufficient indicator of relative change of AChE in the brain (Muller et al., 1985 and Zakut et al., 1985) which measures the turnover of ACh activity (Sastry et al., 1983). Alterations in this enzyme level are indicative to impairment of cholinergic function (Slechta and Pokora, 1995). Results in this study revealed significant inhibitory effect on AChE activity in brain tissue which is in accordance with previous investigations of Gupta et al., (1993) as well as  Antonio et al., (2003). Additionally, Murphy (1997) reported that exposure to cadmium generally impairs enzymes involved in the synthesis of neurotransmitters. Our results confirm the presence of an association between the cholinergic innervations and memory. Similar data reported by  Flicker et al . ( 1983 ), where impairment of learning was evidenced by  decreased cholinergic activity  in brain .

        Oxidative stress caused by different metals may damage certain tissues and liberate various transaminases into the plasma ( Jackim et al ., 1970).Cadmium posses the ability to affect the activation of various signaling pathways and produce reactive radicals, which lead to oxidative stress state, resulting in DNA damage and lipid & protein oxidation ( Ognjanovic et al ; 2008 ,Valko et al,2005 ). Also, Cadmium may be associated with the production of reactive oxygen species ( ROS ) (Szuster- Ciesielska et al, 2000; Liu et al 2002) .As lipid peroxidation was involved in the memory impairment , SOD and GST were selected for measuring lipid peroxidation level in the brain (endogenous antioxidant defense). In the present study, significant decrease in SOD enzymatic activities in brain tissues of rats administered CdCl2  ( high dose and low doses ), which evidenced  oxidative damage of brain tissues . The oxidative damage mechanism caused by Cd intoxication might be related to it's displacement to iron ((Fe+2) and copper (Cu+2 ) from cytoplasmic and cell membrane proteins with consequent  elevation  in their ions  inside the cell  leading to free radical  generation  . These like hydroxyl radicals , superoxide anions , nitric oxide and H 2O 2 (  Koizumi et al .,1996, Casalino et al.; 1997, Ognjanovic et al .,1995  and Waisberg et al ., 2003 ). Those deplete the endogenous antioxidant defense ( GST ,SOD,GSH , Peroxidase and Catalase ) resulted  in  increased  lipid peroxidation and DNA damage  (Ognjanovic et al.,2003 ). Therefore, a significant oxidative stress  caused by cadmium intoxication ,may be related to impaired learning ability .

        Since. De novo protein synthesis and neurotransmitter system are critical event in memory formation (Davis and Squire ,1984; Milner et al ; 1998 ; schafe et al ;1999; Wang et al ;2008 ), total protein content  ( TP )of brain tissues were measured  in  the three treated groups . Results revealed a significant decrease in total protein level in both low and high doses of Cd. treated groups. Similar finding was recorded for rat's liver and kidney tissues in the study of Jadhav et al., (2007). This reduction in TP might be regarded to decreased protein synthesis due to hepatic dysfunction under heavy metal exposure (Ayensu and Tchounwou 2006, Goswami et al., 2005 and Mousa 2004). Also chronic renal diseases associated with heavy metal toxicity resulted in excessive loss of protein (Barbier et al., 2005, Madden and Fowler 2000). Moreover Cd binds to sulfhydryl group (SH) of many enzymes and inhibit the protein synthesis resulted in inhibiting of many enzymatic activities (Shaikh et al., 1999 and Waisberg et al., 2003). 

       The hippocampus and the cerebral cortex are the key structures of memory formation (Shirai and Suzuki; 2004), because the hippocampus is especially indispensable in the integration of spatial information. Since cadmium is classified as neurotoxic substance, our histopathological examination of the brain confirmed that hippocampus is the most affected region due to cadmium intoxication, as well as significant reduction in wet brain weight. Results showed congestion of blood vessels , neuronal degeneration , necrosis of neurons and neuronphagia ( Fig.1,2,3 ) ,focal gliosis (Fig,4) as well as hemorrhage in Virchow space (Fig, 5) and necrosis of Purkinje cells of cerebellum (Fig,6).Moreover , the pyramidal cells appeared atrophied and necrosed (Fig,7). Jadhav et al (2007) , observed dose-dependent vascular , degenerative and necrotic changes in the brain of male rats exposed via drinking water  to a mixture of metals ( arsenic , cadmium ,lead, mercury ,chromium ,manganese , iron and nickel ).The impairments of behaviours in relation to learning and memory may be due to the disturbance of the hippocampal circuit and its vast connections  through cortical and subcortical pathways (Skutella and Nitsch,2001 ). Also Deacon  et al ( 2002 ) ,. has accounted that   hippocampal lesions   in general produce impairment in spatial memory.

        Holland et al ;(1999) recorded that hippocampal lesions in general produce changes in rat's activity levels . In novelty acquisition during exploration, our results  revealed a significant reduction in exploratory motor activity ( EMA )in high CdCl2  treated animals .This can be interpreted on the basis of increase  emotionality in high concentration animals . Moreover, the animals  in the novel environment were highly anxious and fearful .In Cadmium toxicity for Nation et al .(1990) , a decreased movement and increased rest time was noticed . Also, Hans, (2006 ) observed skeletal deformations and flaccidity of muscles produced by cadmium in rats . The Agency for Toxic Substances and Disease Registry ( 2008 ) reported that acute oral exposure of cadmium in rats and mice resulted in weakness and muscle atrophy . This could be attributed to the symptoms of fatigue and disturbance of sensory motor function in individuals exposed to cadmium ( Murphy , 1997 ) . Desi et al . (1999) related the decrease of exploratory activity and a significantly lower exploration frequency of the open field centre in rats , to cadmium , which affects  the bioelectrical and higher order functions of the nervous system . 
        In the present study, complex motor behaviour  ( motor balance )as measured by rod-walking and plank walking were significantly impaired in rats exposed to high concentration of Cd . Since these behavioural tests require the execution of complex coordinated movements, balance and strength, so this impairment may be attributed to the effect of cadmium on sensory motor capability. Supportive  results derived from Viene et al ; (2000 ) ,who recorded that , workers suffered from peripheral neuropathy and complains about equilibrium in chronic occupational exposure to cadmium.   Also, Ali et al. ( 1990), observed significant decrease in distance traveled , stereotypic time and movements, ambulatory time and vertical movements in Cd-exposed rats. Intermediate – duration oral exposure to cadmium caused weakness and muscle atrophy and significant decrease in motor activity .Moreover , there were skeletal deformations produced by cadmium in prepubertal rats and flaccidity of muscles (Hans, 2006). Further explanation from Holland et al; (1999) who stated that hippocampal lesions in general produce changes in rat's activity levels. In addition , Murphy (1997) reported that individuals exposed to cadmium, showed increased symptoms as fatigue and disturbance of sensory and motor function. Since, Cadmium (Cd) is a neurotoxic metal, which induces oxidative stress and membrane disturbances in nerve system. . Claudia and Maria,( 2005 ) confirmed that, Cadmium chloride increases oxidative stress in the skeletal muscle cell line c2 c12  and production of reactive oxygen species (ROS) in tissues and inhibits the activity of some enzymes of the antioxidative defense system (Sikic et al, 1997).

      In the final, lower body weight was observed in our study in rats exposed to high daily doses of cadmium. Similar results derived from other studies with Cd treated animals ( Smith et al .1985,  and Gupta et al, 1993)  . 

       In conclusion, where, developing brain is greatly targeted to damage by toxic agents. Along with evidence derived from our study where exposure to cadmium constitutes a great threat being associated with neural injurious effects. Hence, concern should be directed to limit the inadvertent incorporation of cadmium in human – consumed products. 

Acknowledgements:     

This research was sponsored by Cairo University and faculty of Veterinary Medicine fund for researches in Animal Behaviour, Hygiene and Environmental Sanitation 
References

- Agency for Toxic substances and Disease Registry ( ATSDR ) .( 2008 ) : Toxological  profile for Cadmium . Draft for public comment . US  Department of Health and Human Services . Atlanta , US.  
-Ali, M. M. , Mathur ,N. , Chanra ,S.V. ( 1990 ):. Effect of chronic cadmium exposure on locomotor behaviour of rats. Indian J Exp Biol. Jul; 28(7) :653- 6.
-Antonio, M.T., Corredor, L., Leret, M.L. (2003).:  Study of the activity of several brain enzymes like markers of the neurotoxicity induced by perinatal exposure to lead and/or cadmium. Toxicol. Lett. 143,331-340.   

-Atack ,J.R., Perry, E.K., Bonham, J.R., Candy, J.M. and Perry, R.H. (1986):. Molecular forms of acetylcholinestrase and butyrylcholinesterase in the aged human central nervous system, Journal of Neurochemistry, 47, 263-277.
-Ayensu, W.K.,and Tchounwou, P.B. (2006): Microarray analysis of mercury-induced changes in gene expression in human liver carcinoma (HepG2) cells: importance in immune responses. Int J Environ Res Public Health 3,141-173 .
-Bancroft, J.D., Stevens, A., and Turner, D.R. (1996): Theory and Practice of Histological Techniques. 4th Ed. New York, Churchill, Livingstone.
- Baranski,B. , Stetkiewicz , I. , Sitarek , K; and Szymczak, W . ( 1983 ) :Effects of oral ,subchronic cadmium administration on fertility , prenatal and postnatal progeny development in rats .Arch.Toxicol ., 54,297- 302 .
-Barbara,S.,Mouzakis,G., and Joseph,J.( 1998): Psychomotor and spatial memory performance in ageing male Fischer 334 rats. Experimental Gerontology,Vol.33.No.6,pp.615-624.
-Barbier,  O.,Jacquiller, G., Tauc, M., Cougnon, M., Poujeol, P. ( 2005 ). Effect of heavy metals on , and handling by the kidney. Nephron Physiol  99 , 105 -110.
-Calderoni, A.M., Oliveros, L., Jahn, G., Anton, R., Luco, J., Gimenez, M.S.( 2005). Alterations in the lipid content of pituitary gland and serum prolactin and growth hormone in cadmium treated rats. Biometals 18 (3), 213-220.
- Casalino, E. ,Sblano, C., Landriscina , C. (!997 ): Enzyme activity alteration by cadmium administration to rats : the possibility of iron involvement . Arch Biochem Biophys 346 : 171 – 179 .
-Claudia, L.Y., and Maria, C. C. (2005). Cadmium chloride- induced oxidative stress in skeletal muscle cells in vitro. Free Radical Biology and Medicine. volume 39, 10, 1378-1384.
-Davis , H.P.and Squire , L.R.(1984). Protein synthesis and memory: A review. Psychol.Bull.96,

518-559.
-Deacon, R. M.J,Craucher, A. and Rawlins, J.N.P.(2002), Hippocampal cytotoxic                                    lesions effects on species –typical behaviours in mice.Beh.Brain Res.132,203-213.
-De Castro, E., Ferreira, H., Cunha ,M., Bulcao, C., Sarmento, C., De Oliveira ,I. and Fregoneze J.B. (1996). Effect of central acute administration of cadmium on drinking behavior. Pharmacol. Biochem. Behav., 53 (3), 687-693.
- Decker,  M .W. and Mc Gaugh ,J.L.( 1991 ) , The role of interactions between the cholinergic system and other neuromodulatory systems  in learning and memory . Synapse  7,151-168 .
- De'si,L; Nagymajte'nyi ,H. Schulz (1999) .Behavioural and neurotoxicological changes caused by cadmium treatment  of rats during development . Journal of Applied Toxicology .  Volume18 (1) 63-70 .

-Elman,G.L.,Courty,K.D.,Andres,V.and Featherstone,R.M. (1961):A new rapid calorimetric determination of acetylcholinestrase activity.Biochem.Pharmacol.,7:88-95.
- El-Sharaky, A.S., Newairy, A.A., Badreldeen, M.M., Ewada, S.M., Sheweita, S.A. (2007). Protective role of selenium against renal toxicity induced by cadmium in rats. Toxicology 235, 185-193.
-Flicker, C. , Vean, R.l., Fisher, S .K. and Bartus, R.T.( 1983). Behavioural and neurochemical effects following neurotoxic  lesioningof a major cholinergic inputto the cerebral cortex in the rat. Pharmachol. Biochem.Behav.,18.pp973-981.

-Forget, J., Pavillon ,J.F., Beliaeff, B. and Bocquene ,G. (1999): Joint action of pollutant combinations (Pesticides and metals) on survival (LC50 values) and acetylcholinesterase activity of Trigriopus Brevicornis (Copepoda Harpacticoida). Environ. Toxicol. Chem., 18: 912-918.
-Friberg, L; Elinder, C. G.: Kjellstrom, T; Nordberg, G.F.; (Eds.). ( 1986 ) .Cadmium and health: a Rudcological and epidemiological appraisal. CRC Press, Boca Raton, FL. 

-Gerak-Kramberger, C.M. and Sabolic, I. (2001): The integrity of renal cortical brush-border and basolateral membrane vesicles is damaged in vitrol by nephrotoxic heavy metals, Toxicology, 156: 139-147.

-Giannopolitis, C.N. and Ries, S.K. (1977): Superoxide dismutase. I. Occurrence in higher plants. Plant Physiol., 59: 309-314.
-Goering, P. L; Waalkes, M. P.; Klaassen, C. D. Toxicology of cadmium. In: Goyer, R.A., Cherian, M.C. ( 1995 ) .Toxicology of metals: biochemical aspects. Handbook of experimental pharmacology. Springer-Verlag, New York. pp. 189-213 .
-Goswami, K, Gachhui,R, Bandopadhyay, A. (2005). Hepatorenal dysfunctions in lead pollution. J Environ Sci Eng 47:75-80.

-Gupta, A., Gupta ,A., Murthy, R.C. and Chandra ,S.V. (1993): Neurochemical changes in developing rat brain after pre-and postnatal cadmium exposure. Bull. Environ. Contam. Toxicol., 51: 12-17.

-Habig H.W., Pabst J.M. and Jakoby B.W. (1974): Glutathione-S-transferase. J. Biol. Chem., 249 (22): 7130-7139.

-Hans, W .( 2006 ): The hazards of Cadmium in man and animals. Journal of applied toxicology, 2, 61- 67.

-Holland ,P C,Lamouneux,J A, Han ,J S and Gallagher,M.(1999): Hippocampal lesions Interfere with Pavlovian negative occasion setting. Hippocampus 9:143 – 157.
- Im, J.Y.,Paik, S.G., Han, P.L . ( 2006 )Cadmium – induced astroglial death proceeds via glutathione depletion. J  Neurosci Res .83 (2):301-8.
-International Agency for Research on Cancer (1ARC), (1993 ) IARC cancer monographs on the evaluation of the carcinogenic risks to humans, vol. 58. IARC Scientific Pub., Lyon;

-Jackim,E., Hamlin,J.M., Sonis , S . ( 1970 ) Effects of metal poisoning on five liver enzymes  in the kill fish ( Fundulus heteroclitus ). J.Fish . Res.Board Can. 27,383- 390.

 -Jadhav, S.H., Sarkar, S.N., Patil, R.D. and Tripathi, H.C. (2007): Effect of subchronic exposure via drinking water to a mixture of eight water – contaminating Metals: A Biochemical and histopathological study in male rats. Arch Environ. Contam. Toxicol 53, 667-677.
-Jones, M.M. and Cherian, C. (1990): Cadmium, a unique metal. Toxicology J., 62:1.
-Kelly, A .E. (1993) .Locomotor activity and exploration. In :Sahgal, A , ( ED. ), Behavioural Neuroscience vol. II : a Practical Approach. Oxford University Press, Oxford, pp, 1-21.
-Klaassen, C. D.; Liu. j.; Choudhuri, S. Metallothionein: An intracellular protein to protect against cadmium toxicity. Annu. Rev. Phnrmncol. Toxicol. 39:267-294; 1999.
-Koizumi , T., Shirakura , G. ,Kumagai , H . ,Tatsumoto , H ., Suzuki , KT. (1996).
 Mechanism of cadmium-induced cytotoxicity in rat hepatocytes : cadmium-induced active oxygen- related permeability changes of the plasma membrane. Toxicology 114: 124-134 .
-Lea,R.C., Inara , M.R., Claudia Da C., Estela, M.L., Roberto , A., (2008) Subchronic fluoride intake induces impairment in habituation and active avoidance  tasks in rats .Eur.J. Pharmacol.579 (1-3): 196-201.
-Lehotzky K, Ungváry G, Polinák D, Kiss A.( 1990) Behavioral deficits due to prenatal exposure to cadmium chloride in CFY rat pups. Neurotoxicol Teratol. 12(2):169-72
-Liu J, Zheng BS, Vasken A.  (2002 ) .Chronic Arsenic poisoning caused by burning coal containing high arsenic in Guizhou province of China. Environ Health Persp ;110:119-22.
-Lo'pez, E . Arce, C.Oset-Gasque, M.j.,Gonzalez , M.P . ( 2006 )Cadmium induces reactive oxygen species generation and lipid peroxidation  in cortical neuron in culture. Free Radic Biol Med  :40 ( 6):940-51.
-Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall, R.J., (1951) . Protein measurement with the folin phenol reagent. J. Biol. Chem. 193, 265-275.
-Lukawski, K.; nieradko, B.; Sieklucka- Dziuba, M. (2005). Effects of cadmium on memory processes in mice exposed to transient cerebral oligemia. Neurotoxicol Teratol 27 (4): 575-84
-Madden, E.F. , Fowler, B.A .(2000). Mechanisms of nephrotoxicity from     metal combinations: a review. Drug Chem Toxicol 23:1-12 .
-Manca, D., Richard, A.C., Trotter, B., Chevalier, G., (1991). Studies in lipid peroxidation in rat tissues following administration of low and moderate dose of cadmium chloride. Toxicology 67, 303-323.
- Manca, D.; Ricard, A. C.; Van Tra, H.; Chevalier, G. (1994 ) Relation between lipid peroxidation and inflammation in the pulmonary toxicity of cadmium. Arch. Toxicol. 6S:364-369 .
-Maurice,T., Su T-P,Parish W, Nabeshima , T., Privat , A.( 1994 ). PRE-084, a α selective PCP derivative , attenuates MK-801- induced impairment of learning in mice. Pharmacol  Biochem  Behav , ,49,859- 869 .
-Mello e' Souza, T. , Rohden , A ., Meinhardt, M.., Goncalves, C.A.,Quillfeldt, J.A.( 2000). S100B infusion into the rat hippocampus facilitates memory for the inhibitory avoidance task but not for the open – field habituation . Physiol.Behav. 71,29- 33.
-Milner  , B., squire,L.R., and Kandel,E.R.( 1998) .Cognitive neuroscience and the study of memory. Neuron 20: 445-468.
- Montag-Sallaz, M., Welzl, H., Kukl, D., Montag, D., Schachner, M. (1999): Novelty- induced increased expression of immediate – early genes c – fos and arg   3.1 in the mouse brain. J . Neurobiol 38 : 234- 246 .

-Mortensen S.R., Hooper M.J. and padilla S. (1998): Rat brain acetylcholinesterase activity: developmental profile and maturational sensitivity to carbamate and organophosphorous inhibitors. Toxicology, 125: 13-19.
-Mousa, S.A .(2004). Expression of adhesion molecules during cadmium hepatotoxicity. Life Sci 75:93-105.

-Muller, F., Dumez, Y. and Massoulie, J. (1985). Molecular forms and solubility of acetylcholinesterase during the embryonic development of rat and human brain. Brain Res., 331: 295-302.
-Murphy , V .A. ( 1997 ) Cadmium : Acute and chronic neurological disorders . In : Yasui M , Strong M ,Ota K , Verity MA ( Eds).Mineral and Metal Neurotoxicology. Boca Raton , Fl :CRC  press, pp. 229-240 .
- Nation JR, Grover CA, Bratton GR, Salinas JA. ( 1990 ) : Behavioral antagonism between lead and cadmium. Neurotoxicol  Teratol.  Mar-Apr;12(2):99-104.

-Newsome, W.H.; Davies, D. and Doucet, J. (1995). PCB and organochlorine pesticides in Canadian  human milk. Chemosphere ; 30: 2143- 2153.
-Nishimura,Y.,Yamaguchi ,J. Y.,Kanada, A,.Horimoto, K.,Kanemaru K,Satoh M.(2006):Increase in intracellular Cd(2+) concentration of rat cerebellar granule neurons incubated with cadmium chloride,cadmium cytotoxicity under external Ca (2+) – free condition.Toxicol In Vitro ,20 (2) : 211- 6.
- Ognjanović BI, Markovic', S.Z., Pavlovic' ,R.V., Zikic' , A. S' .,S'tajn,Z.S. Saicic'. (2008 ) : Effect of chronic Cadmium exposure on antioxidant defense system in some tissues of rats : protective effects of Selenium. Pysiol . Res . 57 : 403-411.
-Ognjanović BI, Pavlović SZ, Maletić SD, Zikić RV, Stajn AS, Radojicić RM, Saicić ZS, Petrović VM.  ( 2003 ) Protective influence of vitamin E on antioxidant defense system in the blood of rats treated with cadmium.  Physiol Res ;52(5):563-70.
- Ognjanovi'c, BI., Zikic, R.V., Stajn, A., Potrovic, V.M. (1995). The effects of selenium on the antioxidant defense system in the liver of rats exposed to cadmium. Am. J. Physiol. 44, 293-300.
-Roghani, M., Joghataie , M.T.,Jalali, M.R. and Baluchnejadmojarad , T(2006) Time Course of Changes in Passive Avoidance and Y – maze Performance in Male Diabetic Rats. Iran.Biomed. J.10 (2) : 99-104
-Rose, C.S.,Heywood, P.G.,Costanzo, R.M.(1992).Olfactory impairment after chronic occupational cadmium exposure .J.Occup Med ,34 (6) : 600 -5.
- Sarkar, S., Yadav, P., Bhatnagar, D., 1998. Lipid peroxidative damage on cadmium exposure and alterations in antioxidant system in rat erythrocytes: a study with relation to time. Biometals 11,153-157.

-Sastry B.V.R., Janson V.E., Jaiswal N. and Tayeb O.S. (1983): Changes in enzymes of cholinergic system and acetylcholine release in the cerebra of aging male Fischer rats. Pharmacology, 26: 61-72.
-Schafe,G.E.,Nadel , N.V.,Sullivan,G.M., Harris, A., and LeDoux,J.E .(1999). Memory consolidation for contextual and auditory fear conditioning is dependent upon protein synthesis , PKA and MAP kinase . Learn .Mem.6: 97-110.
- Shaikh, Z. A.; Vu, T. T,; Zaman, K.( 1999 ). Oxidative stress as a mechanism of chronic cadmium-induced hepatotoxicity and renal toxicity and protection by antiox- idants. Toxicol. Appl. Pharmacol. 154:256-263.
-Shirai, N., Suzuki, H. (2004). Effect of dietary docasahexaenoic acid and catechins on maze behavior in mice. Ann Nutr Metab., 48,51-8
-Sikic, R V. Ltajn, A.,Ognjanovic,B., Pavlovic, S.Z., Saicic, Z.S.(1997). Activities of Superoxide dismiutase and catalase in Erythrocytes and transaminases in the plasma of carps Cyprnus carpio L.exposed to cadmium. Phyilol. Res.46, 391-396.
-Skutella ,T. and Nitsch,R.(2001): New molecules for hippocampal development. Trends Neurosci.24 (2) :107 – 113.
-Slechta, D.A. ,Pokora, M.J. (1995 ). Lead induced changes in muscarinic cholinergic sensitivity, Neurotoxicology, 16, 337-348.

- Smith, M .J. ,Pihl, R. O., Farrell, B . ( 1985 ). Long term effects of early cadmium exposure on locomotor activity in the rat. Neurobehav  Toxicol  Teratol 7 (1 ):19- 22 .
- Staddon, J. E. R. (1983). Memory and temporal control. In: J. E. R staddon (Ed), Adaptive behavior and learning (pp.354 – 394 ). Cambridge University Press, Cambridge.
- Stohs, S. J.; Bagchi, D.; Hassoun, E.; Bagchi, M. (2001 ) Oxidative mechanisms in the toxicity

of chromium and cadmium ions. ]. Environ. Pathol. Toxicol. Oncol. 20:77-88.
- Szuster-Ciesielska, A.; Stachura, A.; Slotwinska, M.; Kaminska, T.; Sniezko. R.; Paduch, R.; Abramczyk, D.; Filar, J.; Kandefer-Szerszen, M. ( 2000 ). The inhibitory effect of zinc on cadmium-induced cell apoptosis and reactive oxygen species (ROS) production in cell cultures. Toxicology 145:159-171.
-Valko, M.: Morris, H.; Cronin, M. T. D. ( 2005 ) Metals, Toxicity and Oxidative stress. Curr. Med. Chem. 12:1161-1208.
-Vaughan,D.,and Braunewell,K.,( 1999)Novelty acquisition is associated with induction of hippocampal long-term depression. Proc.Natl.Acad.Sci.USA, Vol, 96,

- Viaene ,M.K., Masschelein , R. ,Leenders , J. , Groof , M. De., Swerts, L.J.Vc., and Roels,H.A.( 2000 ) : Chronic occupational exposure to Cadmium on neurobehavioural  functions.

- Waalkes , M .P. ( 2000 ) Cadmium carcinogenesis in review . J .Inorg.Biochem.79 : 241 -244.

 - Waalkes,M.P.,Anver,M.R.,Diwan,B.A., (1999).Chronic toxic and carcinogenic effects of oral cadmium in the Noble (NBL./Cr )rat : induction of neoplastic and proliferative lesions of the adrenal, kidney , prostate and testes . J .Toxicol.Environ. Health A .58, 199- 214.

ron. Health A .58, 199- 214.

-Wade, M.G.; Parent, S.; Finnson, K.W.J.; Foster, W.; Younglai. E.J.; Mc Mahon, A.; Cyr, D.G. and Hughes, C. (2002): Thyroid toxicity due to subchronic exposure to a complex mixture of 16 organochlorines, lead and cadmium. Toxicol. Sci.; 67 (2): 207- 218

-Waisberg ,M.., Joseph, P., Hale, B. and Beyersmann, D. (2003): Molecular and cellular mechanisms of cadmium carcinogenesis: a review. Toxicology, 192: 95-117.
-Wang S, Xing TR, Tang ML, Yong W, Li CC, Chen L, Wang HL, Tang JL, Ruan DY. (2008 ) Effects of Cd2+ on transient outward and delayed rectifier potassium currents in acutely isolated rat hippocampal CA1 neurons Naunyn Schmiedebergs Arch Pharmacol. 377(3):245-53
-Zakut H., Matzkel A., Schejter E., Avni A. and Soreq H. (1985): Polymorphism of acetylcholinesterase in discrete regions of the developing human fetal brain. Journal of Neurochemistry, 45: 382-389.
	Group                               Control                     Low dose                         High dose
Parameter
Open –field test
 • No. of squares                    26.70±2.22                       36.16±1.59 b                           57.90±8.26 a
   
• No. of rearing                       7.02±0.82                         9.78±1.68 b                           19.61±3.13 a
  • No. of pellets٭                   2.22±0.31                          2.90±0.21                             5.03±0.26 b  

Maze test
  • time elapsed (min)             1.21±0.27                       1.34 ±0.29                               1.68 ±0.44 b
   
0.42 ±    0.58                           3.53 ±  0.64                      3.31 ±                      3.11   • No. of errors

Spatial Y-maze
  • No.  of arms                        12.13±0.63                       19.09±1.73 a                          19.80±1.82 a
  • % of s.alternations              60.70±3.36                      39.21±4.25 a                            36.99±3.45 a
Novelty exploratory test
  • No. of rearing                     34.32±2.11                      32.72± 2.33                            27.70±2.22 b
   • No. of head dips                 18.91±1.22                   18.14± 1.18                             16.36±1.18 b



Table 1. Effect of exposure to different doses of CdCl2 on measurements of  Open-field test, Classic maze test, Y-maze and Novelty acquisition tests.
Figures in the same row with different letters are statistically   significantly different (compared with the control group). ª (P<0. 01) and b (P<0.05),: ٭Fecal pellets.
	Group                                   Control                            Low dose             High dose
Parameter
Rod walking                      26.58±3.77                     25.61±4.55              20.15±4.58 b
(Latency to fall,sec)    
Plank walk    

          • Plank 1.3 mm           
             1- No. of turns                 3.50±0.27                            2. 40 ±0.18 b                     2.38 ±0.44 b
            2- Dist.trv (cm)٭              133.20±8.50                        134.50±9.40                      70.8±4.33 a
        •  Plank  2.5 mm      
            1- No. of turns                  2.90± 0.12                             2.70±0.11                        2.78±0.32

            2-  Dist.trv (cm)٭              164.30± 4.22                      112.14±5.44 b                    134±6.22 b  
 


Table 2. Effect of exposure to different doses of CdCl2  on complex motor behavior (motor coordination).
Figures in the same row with different letters are statistically significantly different (compared with the control group). a (P<0. 01) and b (P<0.05). ٭ Dist.trv (cm):Distance traveled on the plank
Table 3. Brain, body weight and biochemical examination (acetylcholine esterase, Lipid peroxidation and total protein) of brain in rats exposed to Cdcl2 through drinking water.
	Group                                     Control                      Low dose                 High dose
Parameter
Biochemical examination
• Acetylcholine esterase                 0.802±0.08                        0.672±0.05 b                    0.504±0.02 b
(nmol/mg protein/min)

• lipid peroxidation
- GST (unit/mg protein/min)            0.372±0.02                     0.359±0.03                      0.337±0.1 b
- SOD(unit/mg protein)                   0.071±0.008                    0.058±0.001 b                  0.044±0.003 a
• Total protein                               62.49±1.71                     44.59±2.40 b                     39.16±0.54 b
(mg/gm brain tissue)
Brain weight(gm)                         2.38±0.63                       1.82±0.23 b                       1.82±0.13 b
Body weight ( gm)                   260±6.27                          238 ±4.29 b                       226 ±4.44 b



SOD (superoxide dismutase enzyme) and GST (glutathione- s – transferase) were selected formeasuring lipid peroxidation level in the brain (endogenous antioxidant defense). Figures in the same row with different letters are statistically significantly different (compared with the control group). a (P<0. 01) and b (P<0.05).

Legends :

 (1): Microphotograph of brain of rat treated with low dose of cadmium showing neuronal degeneration and pyknosis of neurons (H & E stain X 200).

(2): Microphotograph of brain of rat treated with low dose of cadmium showing neuronophagia of pyknotic neurons (& E stain X 200).

(3): Microphotograph of brain of rat treated with high dose of cadmium showing necrosis of neurons (H & E stain X 200).

(4): Microphotograph of brain of rat treated with high dose of cadmium showing focal gliosis (H & E stain X 200).

(5): Microphotograph of brain of rat treated with high dose of cadmium showing hemorrhage in Virchow space (H & E stain X 200).

(6): Microphotograph of brain of rat treated with high dose of cadmium showing necrosis of Purkinje cells of the cerebellum (H & E stain X 200).

(7): Microphotograph of brain of rat treated with high dose of cadmium showing atrophy and necrosis of pyramidal cells of the hippocampus (H & E stain X 200).

(8): Microphotograph of brain of control, untreated rat showing no histopathological changes (H & E stain X 200).
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