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ABSTRACT 
Cadmium (Cd) is one of the most common non-essential elements, relatively accessible heavy metal in 

our environment causing wide range of toxic effects. The present study examines the detoxification role 

of zinc (Zn) and selenium (Se) against Cd induced bioaccumulation and oxidative stress in fresh water 

teleost Oreochromis mossambicus. After acclimatization, fish were exposed to sub lethal concentration of 

Cd (1/10
th
 of LC50/48h, i.e., 5ppm) for 7, 15 and 30 days (d) period. 15d Cd exposed fish were considered 

as control and divided into three groups. The first group of fish were subjected to Zn (1ppm) 

supplementation, second group received only Se (0.5ppm) and third group of fish were supplemented 

with the combination of both Zn and Se at the above said doses and observed again for 7, 15 and 30d time 

periods. After specific time intervals liver, kidney, gill, brain and muscle tissues were isolated and used 

for the estimation of bioaccumulation levels as well as assay of oxidative stress enzymes like superoxide 

dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione-S-transferase (GST). 

Simultaneously lipid peroxidation (LPO) levels were also measured. Bioaccumulation levels were 

significantly increased with the increased period of Cd exposure. After supplementation with Zn and/or 

Se, bioaccumulation levels were progressively decreased. A significant elevation in LPO levels with 

decreased activity levels of CAT, SOD, GPx and GST were observed during Cd intoxication. With Zn 

and/or Se supplementation, a significant reversal in the above oxidative stress enzymes was observed. The 

present study reveals that combined supplementation of Zn and Se tends to detoxify the Cd induced 

alterations in the test tissues than the other modes of supplementation. 
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INTRODUCTION 

The contamination of fresh waters with a wide range of pollutants has become a matter of concern over 

the few decades (Dirilgen, 2001; Vutukuru, 2005; Kwong et al., 2011). Natural aquatic resources are 

extensively contaminated with heavy metals like lead (Pb), cadmium (Cd), nickel (Ni) and copper (Cu) 

released from domestic, industrial and other man made activities. Among the heavy metals, Cd is one of 

the most toxic, non-essential heavy metal; known for its corrosive nature and is widely used in paints and 

dyes, cement and phosphate fertilizers (Jarrup, 2003). Cd occurs naturally in the environment in 
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significant amounts but its release in the recent past is steadily increasing due to human activities causing 

pollution at considerably toxic amounts was reported by earlier workers in various aquatic ecosystems 

(Usha Rani, 2000; Siraj Bhasha and Usha Rani, 2003; Kiran et al., 2006; Bhavani et al., 2009; Jia et al., 

2010; Obaiah and Usha Rani, 2012, 2013, 2014, 2015, 2016). Bio enhancement of Cd transfer along a 

food chain was studied by Seebaugh et al., 2005 and fish were reported to be used as biological indicators 

to assess water pollution (Rashed, 2001). In aquatic systems, as fish occupy the upper trophic level, there 

are greater chances of transferring Cd to higher organisms particularly to man. 

Cd has an extremely long half-life (20-30 Years) in the human body (Flora et al., 2008) and is highly 

cumulative, especially in the liver and kidney (Hijova and Nistiar, 2005; Mahtap and Ethem, 2006; 

Nordberg et al., 2007; Tim et al., 2008). It is a ubiquitous toxic metal and induces oxidative damage by 

disturbing the prooxidant -antioxidant balance in the tissues (Ognjanovic et al., 2008). Cd inhibits 

oxidative stress enzymes which protect tissues by either binding to sulfhydryl (-SH) groups essential for 

the enzymes, replace the bivalent metals like zinc (Zn), copper (Cu), selenium (Se), iron (Fe) and 

manganese (Mn) required for the enzymes (Eriyamremu et al., 2008). Cd like many other heavy metals is 

antagonistic to essential trace elements like Zn, Fe, Se, Cu etc., (Sobha et al., 2007) and competes with 

these trace elements for binding sites as transport and storage proteins, metalloenzymes and receptors. 

Zn is a ubiquitous essential trace element with numerous functions in biological systems. It occurs in all 

living cells as a constituent of metallo enzymes involved in major metabolic pathways. It plays a catalytic, 

inhibitory or accessory role in the regulatory enzymes such as kinases or phosphatases. Zn controls 

several enzymes of intermediary metabolism, DNA and RNA synthesis, gene expression, immune 

competence and plays a significant role in homeostasis of hormones (Brando et al., 2004). It has been 

noted that Zn is a constituent of several enzymes (more than 300 enzymes) in the body and can prevent 

cell damage through activation of the antioxidant defense system (Ozturk et al., 2003; Ozdemir and Inanc, 

2005, Obaiah and Usha Rani, 2013). 

Se is an essential micronutrient with numerous functions in biological systems. It is widely distributed 

throughout the environment and is found in all living cells as a constituent of GPx and GSH. It is 

involved in the metabolism of GSH which can reduce toxicity of Cd (Ranzani-Paiva et al., 2011). It was 

also known that Se has a certain protective role from the toxic effects of Cd and other heavy metals 

(Ognjanovic, 2008). This protection includes the capability of Se to alter the distribution of Cd in tissues 

and induces binding of the Cd-Se complexes to proteins, which are similar to metallothioneins (Shilo et 

al., 2008; Chen et al., 2012).  

Hence, an attempt is made in the present investigation on the interactions of Zn and/or Se against Cd 

induced toxicity in liver, kidney, gill, brain and muscle of teleostean fish Oreochromis mossambicus. 

 

MATERIALS AND METHODS 

Chemicals  

Cadmium as cadmium chloride (CdCl2), zinc as zinc chloride (ZnCl2) and selenium as sodium selenite 

(Na2SeO3) were purchased from Merck (Dormstadt, Germany). The other chemicals which were used in 

the present study were obtained from the standard chemical companies like Sigma Chemical Co. (St 

Louis, Mo, USA), SD Fine Chemicals. The chemicals used for this study were of the highest purity.  

Maintenance of animals (fish) 

Fish O. mossambicus (Tilapia) weighing 10±2 gm were collected from the local fresh water ponds and 

acclimatized to laboratory conditions for a week in separate troughs. The laboratory temperature was 

maintained at 28
0
C±2

0
C. The fish were feed ad libitum with ground nut cake and water was renewed for 

every 24 hrs with routine changing of troughs leaving no fecal matter. 

Experimental design 

Fish were divided into four groups, the first group as control and other groups as experimental. The 

experimental groups were exposed to sub lethal concentration of CdCl2 i.e., 5 ppm (1/10
th
 of LC50 / 48 
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hrs) daily for 7, 15 and 30 days (d) time periods. Then 15d Cd exposed animals were subjected to Zn and 

Se supplementation (i.e., 1 ppm) individually and in combination for again 7, 15 and 30d long sojourn. 

After specific time intervals fish were sacrificed and tissues like liver, kidney, gill, brain and muscle were 

isolated and were immediately used for bioaccumulation studies and antioxidant enzymes assay. 

Bioaccumulation studies 

The Cd concentration levels in the selected tissues were measured by following the method of Kanno 

et.al. (1994). After the specified time intervals the test tissues like liver, kidney, gill, brain and muscle 

were isolated and then immediately they were washed with saline (0.9%) and 50mg of each tissue was 

digested in acid mixture of Nitric acid : Perchloric acid (3:2 V/V) for overnight. The acid mixture was 

then subjected to evaporation and the residue obtained was dissolved in 5ml of double distilled water. 

From this 1 ml was withdrawn and analyzed for Cd concentrations by using Atomic Absorption 

Spectrophotometer (Schimadzu AA 6300). 

Lipid peroxidation (LPO) 

The LPO was determined by the TBA method of Ohkawa et al., (1979). The tissues were homogenized in 

1.5% KCl (20% W/V). To 1ml of tissue homogenate 2.5 ml of 20% TCA was added and the contents 

were centrifuged at 3,500g for 10 minutes (min) and the precipitate was dissolved in 2.5ml of 0.05M 

sulphuric acid. To this, 3ml of thiobarbituric acid (TBA) was added and the samples were kept in a hot 

water bath for 30 min. The samples were cooled and malonaldehyde (MDA) was extracted with 4ml of n-

butanol and the colour was read at 530nm in a UV spectrophotometer (Hitachi U-2000) against the 

reagent blank. Trimethoxy pentane (TMP) was used as external standard. Values are expressed in µ moles 

of MDA formed/g tissue/hr 

Superoxide dismutase (SOD) (E.C. 1.15.1.1) 

SOD activity was determined according to the method of Misra and Fridovich (1972) at room 

temperature. The tissues were homogenized in ice cold 50 mM phosphate buffer (PH 7.0) containing 0.1 

mM EDTA to give 5% homogenate (W/V). The homogenates were centrifuged at 10,000 rpm for 10 min 

at 4
0
C in cold centrifuge. The supernatant was separated and used for enzyme assay. 100 μl of tissue 

extract was added to 880 μl (0.05 M, pH 10.2, containing 0.1 mM EDTA) carbonate buffer; and 20 μl of 

30 mM epinephrine (in 0.05% acetic acid) was added to the mixture and measured the optical density 

values at 480 nm for 4 min using UV-Spectrophotometer (Hitachi U-2000). Values are expressed in 

superoxide anion reduced/mg protein/min.  

Catalase (CAT) (E.C. 1.11.1.6) 

CAT activity was measured by a slightly modified method of Aebi et al., (1984) at room temperature. The 

tissues were homogenized in ice cold 50 mM phosphate buffer (pH 7.0) containing 0.1 mM EDTA to give 

5% homogenate (W/V). The homogenates were centrifuged at 10,000 rpm for 10 min at 4
0
C in cold 

centrifuge. The resulting supernatant was used as enzyme source. 10 μl of 100% ethyl alcohol (EtOH) 

was added to 100 μl of tissue extract and then placed in an ice bath for 30 min. After 30 min the tubes 

were kept at room temperature followed by the addition of 10 μl of Triton X-100 RS. In a cuvette 

containing 200 μl of phosphate buffer and 50 μl of tissue extract was added 250 μl of 0.006 M H2O2  (in 

phosphate buffer) and decreases in optical density measured at 240 nm for 60 seconds (s) in a UV 

spectrophotometer (Hitachi U-2000). The molar extinction coefficient of 43.6 M cm
-1

 was used to 

determine CAT activity. One unit of activity is equal to the moles of H2O2 degraded/mg protein/min. 

Glutathione–S–transferase (GST) (E.C. 2.5.1.18) 

GST activity was measured with its conventional substrate 1-chloro, 2, 4-dinitro benzene (CDNB) at 340 

nm as per the method of Habig et al., (1974). The tissues were homogenized in 50mM Tris-Hcl buffer pH 

7.4 containing 0.25 M sucrose and centrifuged at 4000 g for 15 min at 4
0
C and the supernatant was again 

centrifuged at 16,000 g for 1 hour (hr) at 4
0
C. The pellet was discarded and the supernatant was used as 

the enzyme source. The reaction mixture in a volume of 3 ml contained 2.4 ml of 0.3 M potassium 

phosphate buffer pH 6.9, 0.1 ml of 30 mM CDNB, 0.1 ml of 30 mM glutathione and the appropriate 
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enzyme source. The reaction was initiated by the addition of glutathione and the absorbance was read at 

340 nm against reagent blank and the activity was expressed as μ moles of thioether formed/mg 

protein/min. 

Glutathione peroxidase (GPx) (EC: 1.11.1.9) 

GPx was determined by a modified method of Flohe and Gunzler (1984) at 37
0
C. 5% (W/V) of tissue 

homogenate was prepared in 50mM phosphate buffer (pH 7.0) containing 0.1 mM EDTA. The 

homogenates were centrifuged at 10,000 g for 10 min at 4
0
C in cold centrifuge. The resulting supernatant 

was used as enzyme source. The reaction mixture consisted of 500 μl of phosphate buffer, 100μl of 0.01 

M GSH (reduced form), 100 μl of 1.5 mM NADPH and 100μl of GR (0.24 units). The 100μl of tissue 

extract was added to the reaction mixture and incubated at 37
0
C for 10 min. Then 50 μl of 12 mM t-butyl 

hydroperoxide was added to 450 μl of tissue reaction mixture and measured at 340 nm for 180 s. The 

molar extinction coefficient of 6.22 X10
3
 M cm

-1
 was used to determine the activity. The enzyme activity 

was expressed in µ moles of NADPH oxidized/mg protein/min. 

Estimation of protein content 

Protein content of the tissues was estimated by the method of Lowry et al., (1951). 1 % (W/V) 

homogenates of the tissues was prepared in 0.25 M ice cold sucrose solution. To 0.5ml of homogenate, 

1ml 10% TCA was added and the samples were centrifuged at 1000g for 15 min. Supernatant was 

discarded and the residues were dissolved in 1ml of 1N sodium hydroxide. To this 4ml of alkaline copper 

reagent was added followed by 0.4ml of folin-phenol reagent (1:1folin:H2O). The color was measured at 

600nm in a UV spectrophotometer (Hitachi U-2000) against reagent blank. The protein content of the 

tissues was calculated using a protein (BSA) standard graph. 

Data Analysis 

The data was subjected to statistical analysis such as mean, standard deviation and Analysis of variance 

(ANOVA) using standard statistical software, SPSS (version 11.5) package. All values are expressed as 

Mean ± SEM of 6 individual samples. Significant differences were indicated at P < 0.05 level. 

 

RESULTS 

The accumulation of Cd significantly increased in the selected tissues with the Cd exposure when 

compared to control (Figure 1). Maximum level of Cd bioaccumulation was observed in 30d fish kidney 

(22.535 ± 0.41 µg/g). Further liver showed high Cd concentrations when compared to other tissues. Low 

level of Cd accumulation was found in the brain and muscle tissues of fish over a period of 30 days. 

Among all the selected tissues, the lowest concentration of Cd was observed in the 30d muscle tissue 

(4.962±0.23 µg/g).  

After supplementation with Zn and/or Se, Cd bioaccumulation levels were progressively decreased in all 

the test tissues. 30d Se supplemented fish Muscle tissue showed maximum percentage of depletion in Cd 

accumulation (0.455 ± 0.196 µg/g) than the other tissues (Figure 2). However with Zn alone 

supplementation, all the test tissues showed moderate levels of Cd accumulation for all the time intervals 

(Figure 3). Moreover, low level of depletion in Cd concentration was found in the test tissues under 

combined supplementation of Zn and Se compared to other modes of supplementation (Figure 4). From 

the above results it is clearly understood that the individual supplementation of Se could tremendously 

reduce the Cd body burden in the test tissues under 30d long sojourn.  

The data on the alterations in the oxidative stress enzymes such as SOD, CAT, GST and GPx as well as 

LPO in Cd exposed fish liver, kidney, gill, brain and muscle both before and after supplementation with 

Zn and/or Se were depicted in Figures 5-24. The data obtained in the present study was statistically 

significant (p<0.05). 

A significant increase in LPO was observed in all the test tissues exposed to Cd. Muscle tissue showed 

highest LPO levels (12.093± 0.176 µ moles of MDA formed/gm wet wt. of the tissue) in the present study 

followed by brain, gill, liver and kidney respectively in 30d Cd exposure. However with Zn and/or Se 
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supplementation there was reversal in the Cd induced LPO. Maximum reduction was found in brain 

(5.077±0.106) under 30d Se supplementation (Figure 7). The activity levels of SOD were significantly 

decreased in all the tissues of fish during 7, 15 and 30d Cd exposure. Maximum depletion of SOD activity 

was observed at 30d Cd exposure period in all the selected tissues over control (Figure 9). More or less 

similar activity was found in brain and muscle tissues (0.152±0.007 superoxide anion reduced/mg 

protein/min, 0.113±0.005 superoxide anion reduced/mg protein/min respectively). 

When 15d Cd exposed fish were supplemented with Zn and/or Se at the above said time intervals, the 

SOD activity levels significantly increased in all the test tissues. Maximum increase in SOD activity was 

observed in kidney (0.601 ± 0.008 superoxide anion reduced/ mg protein/min) of 30d Zn supplemented 

fish. The specific activity levels of CAT were determined in the selected tissues of Cd exposed fish and 

also in controls (Figure 13). CAT activity levels were significantly reduced in gill (0.127 ± 0.004 µ moles 

of H2O2/mg protein/ min) followed by brain, muscle, kidney and liver tissues Cd exposer. When the 

tissues were supplemented with Zn and/or Se, CAT activity levels were significantly elevated in all the 

experimental tissues. Maximum elevation in CAT activity was found in the gill tissue of 30d Se 

supplemented fish (0.385 ± 0.005 µ moles of H2O2/mg protein/min). 

Figure 17 explains the GST activity levels in selected tissues of fish under Cd intoxication. Exposure to 

Cd markedly depletes the activity of GST from 7d to 30d time intervals in all the experimental tissues. 

30d exposed muscle tissue showed maximum depletion in SOD activity (0.112±0.010 µ moles of thio-

ether formed/mg protein/min). Further all the tissues except gill showed more or less similar reduction in 

SOD activity during Cd exposure. 

When the Cd exposed fish were subjected to Zn and/or Se supplementation, there was significant 

elevation in GST activity levels and maximum was observed in 15d Se supplemented fish. Further 

maximum increment was observed in muscle (0.257±0.01 µ moles of thioether formed/mg protein/min) 

of fish supplemented with Se for 30d (Figure 18). 

The specific activity levels of GPx were determined in the test tissues of fish exposed to sub lethal 

concentrations of Cd (Figure 21). GPx activity levels were markedly decreased in all the test tissues at all 

the time intervals. Among the tissues, muscle showed more decrement (0.098 ± 0.030 µ moles of 

NADPH oxidized/mg protein/min) under 30d Cd exposure.  

These decreased GPx activity levels were significantly elevated with the Zn and/or Se supplementation in 

all the test tissues of O. mossambicus (Figures 22-24). Maximum increase in GPx activity was found in 

gill (0.609±0.016 µ moles of NADPH oxidized/mg protein/ min) subjected to Se supplementation for 30d. 

 

DISCUSSION 

The results of the present investigation revealed that Cd induces significant alterations in the levels of 

bioaccumulation, LPO and certain oxidative stress enzymes status in liver, kidney, gill, brain and muscle 

of teleostean fish Oreochromis mossambicus at all the time intervals. These activities were progressively 

reversed after using trace element supplements like Se and / or Zn. The results revealed that Cd 

concentrations were significantly increased in all the test tissues at all exposure periods. Maximum 

accumulation of Cd was observed in kidney and liver of O. mossambicus (22.353±0.41µg/g and 

15.797µg/g). The increased accumulation of Cd in the liver and kidney over time could be due to the 

involvement of these organs in the detoxification and removal of toxic substances circulating in the 

stream. Moreover, since these organs are the major organs of metabolic activities including detoxification 

of xenobiotics (Klaassen et al., 2009). Cd might also be transported into these organs from other tissues 

like the gills and muscle, for the purpose of subsequent elimination. The kidney is thus the final 

destination of all the Cd from various tissues as it has also been shown that Cd-MT is filtered through the 

glomerulus and is reabsorbed by the proximal tubular cells, possibly by endocytosis. Within these cells 

the complex is taken up by lysosomes and degraded by proteases to release Cd, which may result in renal 

accumulation of the metal. Thus, these factors might have accounted for the raised level of the heavy 



CIBTech Journal of Zoology ISSN: 2319–3883 

Online, International Journal, Available at http://www.cibtech.org/cjz.htm  

2021 Vol.10, pp.95-119/Jamakala et al. 
 

Research Article (Open Access) 

 Centre for Info Bio Technology (CIBTech)  100 

 

metal in the kidney during the exposure periods. These findings corroborates those of Asagba et al., 

(2008) studies on fresh water cat fish (Clarias gariepinus) and accumulation in fish can be proportionally 

higher through dietary exposure than through water borne exposure (Szebedinnsky et al., 2001; 

Baldisserotto et al., 2005). 

Gill also accumulates a higher proportion of Cd (11.580±0.314 µg/g). Several reasons have been 

proposed to justify the gills as the primary site for Cd uptake, such as proximity to toxicants due to its 

external position, its highly branched structural and vascular nature with the resultant highly increased 

surface area through which large volumes of water pass through the gill surface amongst other tissues 

(Jayakumar and Paul, 2006). In the brain, Cd inhibits enzymes such as Mg
2+

-ATPase and Na
+
-K

+
-ATPase 

causing metabolic effects and disrupting neurotransmitter uptake (Beauvaiset al., 2001). In several 

situations acetylcholine is not broken and accumulates within synapses causing physiologic impairment 

and alterations in fish swimming behaviour (Glusczak et al., 2006). The reason for the consistent low 

level accumulation of Cd in the brain (3.271±0.40 µg/g) is offered with certainty. However, a possible 

reason is that the blood brain barrier restricts the entry of Cd into the brain (Crowe and Morgan, 1997). 

The muscle of fish accumulated lowest concentration of Cd (2.654±0.30 µg/g), even after 30 days of 

exposure. This may not be unconnected with the fact that the muscle is not concerned with detoxification 

and metals like Cd and Pb spread uniformly over the muscle tissue and this may be the reason for low 

level of Cd accumulation in the muscle (Vinodhini and Narayanan, 2008). It is clear from the present 

study that the toxicity of metal is affected by Se which in turn reduces the toxic effect of a metal through 

competitive inhibition at the gill surface. The non toxic Se competes with the toxic metals for the same 

binding sites (Krishnammal and Navaraj, 2012). If Se occupies the sites, the lamellae are protected from 

deterioration. Increased Se levels in the medium resulted in a slower transfer of Cd from the gills to the 

blood and the rate of Cd accumulation was lowered in liver, kidney and other tissues. Similar findings 

were also reported in rainbow trout by Hollis et al., (2000), and in Cirrhina mrigala by Ghosh and 

Adhikari (2006). 

From the data obtained in the present investigation, Zn also plays a major role in reducing the Cd body 

burden as Se supplementation. Supplementation of Zn either alone or in combination with Se reduced the 

Cd body burden in the tissues (Peraza et al., 1998; Flora et al., 2008). Zn functions as a complex 

antioxidant. It has the ability to form coordinating bonds with electronegative atoms (Prasad et al., 2004). 

It regulates MT synthesis. Zn inhibited oxidative stress induced by Cd (Li et al., 2000). Zn prevented 

damage to the tissues from Cd exposure. This suggests Cd interference with Zn related metabolic 

functions. The competitive mechanism of interaction is a plausible mechanism of Zn in relation to Cd 

toxicity. Interactions between Cd and Zn occurs as early as in an intestine during absorption, but more 

intensive interactions take place during accumulation in the tissues. It has been shown that Cd may inhibit 

Zn activities at many stages interfering with its absorption, distribution to different tissues, transport into 

cells and/or transport into several intracellular structures (Oishi et al., 2000; Lonnerdall, 2000; Satarug et 

al., 2001). The most compelling reason for the protective effects of Zn against Cd toxicity is that Zn 

induces the synthesis of the metal binding protein, MT in the tissues (Bonda et al., 2004; Amara et al., 

2008). Interaction of Zn with Cd results in an increase in the excretion of Cd. This has been proposed as a 

mechanism by which Zn protects against Cd toxicity (Dilek and Cengiz, 2008) because Zn and Cd 

competes for a common transport mechanism in the organisms. Thus, Zn supplementation has showed 

beneficial effects on Cd toxicity (Gunnarsson et al., 2004; Bashandy et al., 2006). This may be the reason 

for the reduced Cd accumulation in the test tissues supplemented with Zn in the present study. 

Cd may induce oxidative damage in different tissues by enhancing per oxidation of membrane lipids in 

tissues and altering the antioxidant systems of the cells. The peroxidative damage to the cell membrane 

may cause injury to cellular components due to the interaction of metal ions with the cell organelles. 

The present study findings revealed that LPO was enhanced during Cd exposure, which may be due to 

interaction of Cd with membrane phospholipids and thus causing membrane disorganization and further 
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fragility. The enhanced LPO in this study could also be due to inhibition on activity levels of antioxidants, 

which were more concern with defense against free radical induction due to Cd intoxication. Similar 

findings were observed in the liver of common carp (Cyprinus carpio) by Jia et al., (2010). MDA 

elevation induced by Cd was also reported for different fish tissues (Dallinger et al., 1997). 

Similar results were observed by several workers in different animals exposed to heavy metals. Wang and 

Wang (2009) reported that Cd significantly increased the LPO level in the contaminated copepods after 

12d of Cd exposure, so the treated animals had encountered oxidative injury. Company et al., (2004) also 

demonstrated that Cd exposure (101.2 mg/ l) notably increase the LPO levels in the vent mussel. Talas et 

al., (2008) reported that there was significant increase in the LPO levels in liver tissue of rainbow trout 

exposed to Cd/Cr at the dose of 2ppm. In one study, Cd exposed fish showed increased LPO in gills of 

the calm Ruditapes decussates (Florence et al., 2002). Zn and/or Se supplementation significantly 

counteracted the enhancement of LPO caused by Cd. This finding is in harmony with the findings of Ng 

et al., (2009) who reported that elevated Se protects against Cd induced toxicity in rainbow trout. 

However in our study supplementation of Se and/or Zn reduced LPO significantly in all the test tissues. A 

lower level of LPO means a lower degree of membrane damage. So Se and Zn might have alleviated the 

Cd induced membrane damage and aids protection to the cell. 

Decrease in SOD activity could be due to its inhibition by the excess production of ROS as evidenced by 

LPO in the present study. Decreased SOD levels indicate the product of O2 radicals increased by the 

lowered ability of the tissues that can scavenge free radicals. Therefore, the enhanced LPO in the liver, 

kidney and other tissues might result from the reduction of their SOD activity. These findings are in 

accordance with Hisar et al., (2009) on rainbow trout. Casalino et al., (2002) proposed that Cd binds to 

the imidazole group of the His–74 in SOD, which is vital for the breakdown of H2O2, thus causing its 

toxic effects and Cd probably interacting with metal moieties of SOD (Cu, Zn or Mn) and thus reducing 

its activity. Alternatively, Cd may alter the protein conformation by interacting with the enzyme, there by 

altering its functional activity (Nagaraj et al., 2000). The alterations in SOD activity may depend on 

several factors such as Cd dose, Cd exposure time, type of Cd administration and the state of the animal 

(Yalin et al., 2006). In this study, a significant reduction in SOD activity with the exposure period of the 

test tissues were observed in Cd subjected animals. Similar observations have been reported by Talas et 

al., (2008). Oost et al., (2003) observed that a significant decrease in SOD activity in the liver tissue of 

rainbow trout exposed to 2 ppm heavy metal (Cd, Cr). When the test fish were supplemented with Se and 

/ or Zn there was a significant increase in SOD activity in the experimental tissues. Similar findings were 

reported in Cd exposed rainbow trout (Baldisserotto et al., 2004; Obaiah and Usha Rani, 2012, 2014, 

2015), rat (Patra et al., 2001; Obaiah and Usha Rani, 2014, 2015) subjected to Se and Zn 

supplementation.  

In the present study the activity levels of CAT were significantly reduced in all the test tissues of Cd 

exposed fish for 7, 15 and 30d. The decrease in CAT activity could be due to its inactivation by 

superoxide radical or due to decrease in the rate of the reaction as a result of the excess production of 

H2O2. Similar findings were observed in Cd exposed rainbow trout (Hisar et al., 2009). Vaglio and 

Landriscina (1999) also reported that CAT activity levels were decrease in the fish Sparus aurata 

following in vivo exposure to Cd. According to Radhakrishnan (2009), different tissues of fresh water 

fish, Heteropneustes fossilis (Bloch) exposed to Cd showed decrement in CAT activity. Pratama Yoga 

(2002) suggests that Cd causes LPO through inhibition of the CAT activity. CAT is a manganese or heme 

containing enzyme, functions to rapidly dismutase H2O2 to water and oxygen. By inhibiting this enzyme 

activity, H2O2 production within the cell is increased and leads to the production of hydroxyl radical and 

subsequently results in the cellular damage via the metal catalyzed Haber-Weiss reaction. After 

supplementation with Zn and/or Se, CAT activity levels were significantly increased in all the test tissues. 

Cd is known to decrease the trace element absorption in the body (Flora et al., 2008). Hence the CAT 

activity levels were decreased during all the Cd exposure periods. However with trace elements like Zn 
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and/or Se supplementation in our study might have a significant role in protecting the cells from Cd 

induced injury and toxicity.  

 
Figure 1: Cd Bio-accumulation levels (µg/g wet weight of the tissue) in selected tissues of Cd 

exposed O. mossambicus (Tilapia) 

 

 
Figure 2: Cd Bio-accumulation levels (µg/g wet weight of the tissue) in selected tissues of    O. 

mossambicus (Tilapia) after Zn supplementation 

 

The activity levels of GST progressively decreased in the present study with the increased exposure 

periods in all the test tissues. The decrement in GST activity might be explained by the high production of 

ROS induced by Cd. These findings are in support of Pretto et al., (2010) who reported a significant 

decrease in GST activity in Cd exposed gills of cat fish, Rhamdia quelen. In addition, some investigators 

have suggested that severe oxidative stress might suppress the activity of antioxidant enzymes due to 

oxidative damage and loss of the compensatory mechanisms (Zhang et al., 2004; Atli et al., 2006; Liu et 
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al., 2006). The heavy metals are spontaneously conjugated with GSH and cysteine, but interact with 

GSTPi by binding directly to this protein. This binding could have protective function against heavy 

metals. It has been demonstrated that addition of Cd suppresses the GST activity in liver and kidney 

tissues of rainbow trout (Baldisserotto et al., 2004). In our study reduced GST activity levels by Cd 

exposure were enhanced with the Zn and/or Se supplementation. Increased dietary intake of Zn and Se 

was known to decrease the gastrointestinal absorption of Cd (Franklin et al., 2005). Interaction between 

Cd, Zn and Se occur at several sites in the body including cellular mechanisms. There is substantial 

evidence that Cd, Zn and Se compete for binding sites in tissues such as gill or intestinal cells and further 

protects against Cd toxicity (Baldisserotto et al., 2004).  

Cd depleted GPx activity levels in the test tissues of sub lethal concentration of 7, 15 and 30d exposure. 

GPx catalyzes the conversion of H2O2 to water and reduces tissue injury from LPO directly. Thus, the 

decrease in GPx activity would induce free radical generation and thereby injuring the tissues. There was 

a significant decrease in GPx activity in the liver, kidney and other test tissues during the exposure period. 

Such depletion in GPx activity has been reported by Huang et al., (2007) in fresh water fish Cyprinus 

carpio exposed to organic/ metallic contaminants. Company et al., (2004) also demonstrated that Cd 

exposure (101.2 µg/ l) obviously inhibits GPx activity in vent mussel. Decreased GPx activity indicates 

the increased levels of H2O2 in the tissues. Therefore, the enhanced LPO in the tissues might result from 

the reduction in GPx activity. GPx converts H2O2 to water and lipid peroxides to unreactive hydroxyl fatty 

acids. It was reported that organic pollutants such as pesticides (Oruc et al., 2004) and various 

contaminants including heavy metals (Huang et al., 2007) could significantly decrease the GPx activity in 

kidney and intestine of carp (Cyprinus carpio). In our study decreased GPx activity levels were elevated 

significantly with Zn and/ or Se supplementation during all the experimental periods. Se serves as second 

messenger for the control of important activities in many cells. Some studies also reported that Se 

supplemented diets reduced the Cd induced alterations in the gills, kidney and liver in fresh water fish 

Oncorhynchus mykiss (Baldisserotto et al., 2004). Zn acts as an antioxidant and reducing the Cd body 

burden through induction of metallothionein in the tissues (Peraza et al, 1998; Flora et al., 2008; Hijova, 

2004).  

 

 
 

Figure 3. Cd Bio-accumulation levels (µg/g wet weight of the tissue) in selected tissues of   O. 

mossambicus (Tilapia) after Se supplementation. 
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In the present study it is clear that LPO, SOD, CAT, GST and GPx showed a trend towards normalcy in 

their activity levels in all the test tissues after supplementation with Zn and/or Se to the Cd exposed fish 

thereby indirectly suggesting certain therapeutic measures to Cd induced toxicity in vertebrates. It could 

be therefore concluded that Zn and Se supplementation might play a vital role in reducing the Cd tissue 

burden of fresh water fish thereby mitigating the risk of potential hazards to human health.  

 

 
 

Figure 4. Cd Bio-accumulation levels (µg/g wet weight of the tissue) in selected tissues of    O. 

mossambicus (Tilapia) after Zn + Se supplementation. 

 

 

 
 

Figure 5. Changes in LPO levels (µ moles of MDA formed/ gram tissue/ hour) in different tissues of 

Cd exposed O. mossambicus. 
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Figure 6. Changes in LPO levels (µ moles of MDA formed / gram tissue / hour) in different tissues 

of Cd exposed O. mossambicus under Zn supplementation. 

 

 

 

 
Figure 7. Changes in LPO levels (µ moles of MDA formed / gram tissue / hour) in different tissues 

of Cd exposed O. mossambicus under Se supplementation. 
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Figure 8. Changes in LPO levels (µ moles of MDA formed / gram tissue / hour) in different tissues 

of Cd exposed O. mossambicus under Zn+Se supplementation. 

 

 

 
Figure 9. Changes in SOD (superoxide anion reduced / mg protein / min) activity in different tissues 

of Cd exposed O. mossambicus. 
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Figure 10. Changes in SOD (superoxide anion reduced / mg protein / min) activity in different 

tissues of Cd exposed O. mossambicus under Zn supplementation. 

 

 

 
Figure 11. Changes in SOD (superoxide anion reduced / mg protein / min) activity in different 

tissues of Cd exposed O. mossambicus under Se supplementation. 
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Figure 12. Changes in SOD (superoxide anion reduced / mg protein / min) activity in different 

tissues of Cd exposed O. mossambicus under Zn+Se supplementation. 

 

 
 

Figure 13. Changes in CAT activity (µ moles of H2O2 metabolized/ mg protein / min) in different 

tissues of Cd exposed O. mossambicus. 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

Kidney Liver Muscle Brain Gill 

S
u

p
er

o
x
id

e 
a

n
io

n
 r

ed
u

ce
d

 /
 m

g
 p

ro
te

in
 /

 

m
in

 

15d Cd 

7d Zn+Se 

15d Zn+Se 

30d Zn+Se 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

Kidney Liver Muscle Brain Gill 

µ
 m

o
le

s 
o

f 
H

2
O

2
 m

et
a
b

o
li

ze
d

/ 
m

g
 

p
ro

te
in

 /
 m

in
 

Control 

7d Cd 

15d Cd 

30d Cd 



CIBTech Journal of Zoology ISSN: 2319–3883 

Online, International Journal, Available at http://www.cibtech.org/cjz.htm  

2021 Vol.10, pp.95-119/Jamakala et al. 
 

Research Article (Open Access) 

 Centre for Info Bio Technology (CIBTech)  109 

 

 
Figure 14. Changes in CAT activity (µ moles of H2O2 metabolized/ mg protein / min) in different 

tissues of Cd exposed O .mossambicus under Zn supplementation. 

 

 
 

Figure 15. Changes in CAT activity (µ moles of H2O2 metabolized/ mg protein / min) in different 

tissues of Cd exposed O. mossambicus under Se supplementation. 
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Figure 16. Changes in CAT activity (µ moles of H2O2 metabolized/ mg protein / min) in different 

tissues of Cd exposed O. mossambicus under Zn+Se supplementation. 

 

 
Figure 17. Changes in GST activity (µ moles of thioether formed / mg protein / min) in different 

tissues of Cd exposed O .mossambicus. 
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Figure 18. Changes in GST activity (µ moles of thioether formed / mg protein / min) in different 

tissues of Cd exposed O .mossambicus under Zn supplementation 

 

 
Figure 19. Changes in GST activity (µ moles of thioether formed / mg protein / min) in different 

tissues of Cd exposed O. mossambicus under Se supplementation 
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Figure 20. Changes in GST activity (µ moles of thioether formed / mg protein / min) in different 

tissues of Cd exposed O. mossambicus under Zn+Se supplementation. 

 

 

 
Figure 21. Changes in GPx activity (µ moles of NADPH oxidized / mg protein / min) in different 

tissues of Cd exposed O. mossambicus. 
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Figure 22. Changes in GPx activity (µ moles of NADPH oxidized / mg protein / min) in different 

tissues of Cd exposed O. mossambicus under Zn supplementation. 

 

 
Figure 23. Changes in GPx activity (µ moles of NADPH oxidized / mg protein / min) in different 

tissues of Cd exposed O. mossambicus under Se supplementation. 
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Figure 24. Changes in GPx activity (µ moles of NADPH oxidized / mg protein / min) in different 

tissues of Cd exposed O. mossambicus under Zn+Se supplementation. 

 

REFERENCES 

Aebi H (1984). Catalase. In: Packer L, editors. Methods in enzymology. Orlando: Academic Press. 121 - 

126. 

Asagba OS, Eriyamremu GE, Igberaese ME (2008). Bioaccumulation of cadmium and its biochemical 

effect on selected tissues of the catfish (Clarias gariepinus). Fish Physiology and Biochemistry, 34 61-69. 

Atli G, Alptekin O, Tukel S, Canli M (2006). Response of catalase activity to Ag
+
, Cd

2+
, Cr

6+
, Cu

2+
 and 

Zn
2+

 in five tissues of fresh water fish Oreochromis niloticus. Comparative Biochemistry and Physiology, 

C 143: 218-224. 

Baldisserotto B, Chowdhury MJ, Wood CM (2005). Effects of dietary calcium and cadmium on 

cadmium accumulation, calcium and cadmium uptake from the water and their interactions in juvenile 

rainbow trout. Aquatic Toxicology, 72 99-117. 

Baldisserotto B, Kamunde C, Matsuo A, Wood CM (2004). A protective effect of dietary calcium 

against acute waterbone cadmium uptake in rainbow trout. Aquatic Toxicology, 67 57-73. 

Bashandy SA, Alhazza IM, Mubark M (2006). Role of zinc in the protection against cadmium induced 

hepatotoxicity. International Journal of Pharmacology, 2(1) 79 – 88. 

Beauvais SL, Jones SB, Parris JT, Brewer SK, Little EE (2001). Cholinergic and behavioral 

neurotoxicity of carbaryl and cadmium to larval rainbow trout (Oncorhynchus mykiss). Ecotoxicology and 

Environmental Safety, 49 84-90. 

Bhavani G, Kumar Babu D, Obaiah J, Usha Rani A (2009). Calcium impact on cadmium 

bioaccumulation in different tissues of fresh water teleost Oreochromis mossambicus. In: Proceedings of 

International Symposium on Environmental Pollution, Ecology and Human Health, 158-161. 

Bonda E, Wlostowki T, Krasowska T (2004). Testicular toxicity induced by dietary cadmium is 

associated with decreased testicular zinc and increased hepatic and renal metallothionein and zinc in the 

bank vole (Clethrionomys glareolus), Biometals, 17 615 - 624. 

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

Kidney Liver Muscle Brain Gill 

µ
 m

o
le

s 
o
f 

N
A

D
P

H
 o

x
id

iz
ed

 /
 m

g
 p

ro
te

in
 

/ 
m

in
 15d Cd 

7d Zn+Se 

15d Zn+Se 

30d Zn+Se 



CIBTech Journal of Zoology ISSN: 2319–3883 

Online, International Journal, Available at http://www.cibtech.org/cjz.htm  

2021 Vol.10, pp.95-119/Jamakala et al. 
 

Research Article (Open Access) 

 Centre for Info Bio Technology (CIBTech)  115 

 

Casalino E, Calzaretti G, Sblano C, Landriscina C (2002). Molecular inhibitory mechanisms of 

antioxidant enzymes in rat liver and kidney by cadmium. Toxicology, 179 37-50. 

Chen X, Zhu YH, Cheng XY, Zhang ZW, Xu SW (2012). The protection of selenium against 

cadmium-induced cytotoxicity via the heat shock protein pathway in chicken splenic lymphocytes. 

Molecules, 17 14565-14572. 

Company R, Serafim A, Bebianno MJ, Cosson R, Shillito B, Fiala-Medioni A (2004).  Effect of 

cadmium, copper and mercury on antioxidant enzyme activities and lipid peroxidation in the gills of the 

hypothermal vent mussel Bathymodiolus azoricus. Marine Environmental Research, 58 377-381.  

Crowe A, Morgan EH (1997). Effect of dietary cadmium on iron metabolism in growing rats. 

Toxicology and Applied Pharmacology, 145(1) 136-146. 

Dallinger R, Egg M, Köck G, Hafer R (1997). The role of metallothionein in cadmium accumulation of 

Arctic char (Salvelinus alpinus) from high alpine lakes. Aquatic Toxicology, 38 47-66. 

Dilelk B, Cengiz B (2008). Protective effects of zinc on testes of cadmium - treated rats. Bulletin of 

Environmental Contamination and Toxicology, 81 1521 – 1524. 

Dirilgen N (2001). Accumulation of heavy metals in fresh water organisms: Assessment of toxic 

interactions. Turkish Journal of Chemistry, 25(3) 173-179. 

Eriyamremu GE, Ojimogho SE, Asagba SO, Lolodi O (2008). Changes in brain, liver and kidney lipid 

peroxidation, antioxidant enzymes and ATP-ases of rabbits exposed to cadmium ocularly. Journal of 

Biological Sciences, 8(1) 67-73. 

Flohe L, Gunler WA (1984). Assays of glutathione peroxidase. Methods in Enzymology, 105, 114 - 21. 

Flora SJS, Mittal M, Mehta A (2008). Heavy metal induced oxidative stress & its possible reversal by 

chelation therapy. Indian Journal of Medical Research, 128 501-523.  

Florence G, Serafin A, Barreira L, Bebianno MJ (2002). Response of antioxidant system to copper in 

the gills of the calm Ruditapes decussates. Marine Environmental Research, 54(3-5) 413-417.  

Franklin NM, Glover CN, Nicol JA, Wood CM (2005). Calcium/ cadmium interactions at uptake 

surfaces in rainbow trout: waterborne versus dietary routes of exposure. Environmental Toxicology and 

Chemistry, 24 2954-2964. 

Ghosh L, Adhikari S (2006). Accumulation of heavy metals in fresh water fish – An assessment of toxic 

interactions with calcium. American Journal of Food Technology, 1(2) 139-148. 

Glusczak L, Miron DS, Crestani M, Fonseca MB, Pedron FA, Duarte MF, Vieira VLP (2006). 
Effect of glyphosate herbicide on acetylcholinesterase activity and metabolic and hematological 

parameters in piava (Leporinus obtusidens). Ecotoxicology and Environmental Safety, 65 237-241. 

Gunnarsson D, Svensson M, Selstam G, Nordberg G (2004). Pronounced induction of testicular PGF 

(2 alpha) and suppression of testosterone by cadmium-prevention by zinc. Toxicology, 200: 49 – 58. 

Habig WH, Pabst MJ, Jacoby WB (1974). Glutathione–S-transferases: The first enzymatic step in 

mercapturic acid formation. Journal of Biological Chemistry, 249 7130 - 7139.  

Hijova E, Nistiar F (2005). Plasma antioxidant changes after acute cadmium intoxication in rats. Acta 

Veterinaria Brno, 74 565 - 568. 

Hisar O, Yildirim S, Sonmez AY, Aras HN, Gultepe N (2009). Changes in liver and kidney antioxidant 

enzyme activities in the rainbow trout (Oncorhynchus mykiss) exposed cadmium. Asian Journal of 

Chemistry, 21(4) 3133-3137. 

Hollis L, McGeer JC, McDonald DG, Wood CM (2000). Protective effects of calcium against chronic 

waterborne cadmium exposure to juvenile rainbow trout. Environmental Toxicology and Chemistry, 19 

2725-2734. 



CIBTech Journal of Zoology ISSN: 2319–3883 

Online, International Journal, Available at http://www.cibtech.org/cjz.htm  

2021 Vol.10, pp.95-119/Jamakala et al. 
 

Research Article (Open Access) 

 Centre for Info Bio Technology (CIBTech)  116 

 

Huang DJ, Zhang YM, Song G, Long J, Liu JH, Ji WH (2007). Contaminants-induced oxidative 

damage on the carp Cyprinus carpio collected from the Upper Yellow River, China. Environmental 

Monitoring and Assessment, 128 483-488.  

Jarrup L (2003). Hazards of heavy metal contamination. British Medical Bulletin, 68 167-182. 

Jayakumar P, Paul VI (2006). Patterns of cadmium accumulation in selected tissues of the catfish 

Clarias batracus (Linn.) exposed to sublethal concentration of cadmium chloride. Veterinary Archives, 76 

167-177. 

Jia X, Zhang H, Liu H (2010). Low levels of cadmium exposure induce DNA damage and oxidative 

stress in the liver of oujiang coloured common carp Cyprinus carpio. var color. Fish Physiology and 

Biochemistry, 37 97-103.  

Kanno S, Aoki Y, Suzuki JS, Takeichi N, Misawa S, Suzuki KT (1994). Enhanced synthesis of 

metallothionein as a possible cause of abnormal copper accumulation in LEC rats. Journal of Inorganic 

Biochemistry, 56 117–125. 

Kiran BR, Shashi Shekhar TR, Puttaiah ET, Shivaraj Y (2006). Trace metal levels in the organs of 

finfish Oreochromis mossambicus (peter) and relevant water of Jannapura lake, India. Journal 

Environmental Science and Engineering, 48(1) 15-20. 

Klaassen CD, Liu J, Diwan BA (2009). Metallothionein protection of cadmium toxicity. Toxicology and 

Applied Pharmacology, 238 215-220. 

Krishnammal S, Navaraj PS (2012). A dietary chemical study of the protection of calcium against 

cadmium uptake in fresh water fish. IOSR Journal of Pharmacy and Biological Sciences, 3(1) 19-26 

Kumar Babu D, Obaiah J, Sudhakara Reddy P, Bhavani G, Usha Rani A (2009). Combined effect of 

copper, mercury and cadmium induced bioaccumulation in the selected tissues of two aquatic organisms. 

Journal of Aquatic Biology, 24 (2) 177 – 181. 

Kwong RWM, Andres JA, Niyogi S (2011). Effects of dietary cadmium exposure on tissue-specific 

cadmium accumulation, iron status and expression of iron - handling and stress–inducible genes in 

rainbow trout: Influence of elevated dietary iron. Aquatic Toxicology,  102 1 – 9. 

Li M, Kondo T, Zhao QL, Li FJ, Tanabe K, Arai Y, Zhou ZC, Kasuya M (2000). Apoptosis induced 

by cadmium in human lymphoma U937 cells through Ca
2+

-calpain and caspase-mitochondrial-dependent 

pathways. Journal of Biological Chemistry, 275 39702 - 39709. 

Liu H, Wang W, Zhang J, Wang X (2006). Effects of copper and its ethylenediaminetetraacetate 

complex on the antioxidant defenses of the goldfish, Carassius auratus. Ecotoxicology and 

Environmental Safety, 65 350-354. 

Lonnerdall B (2000). Dietary factors influencing zinc absorption. Journal of Nutrition, 130 1378s – 

1383s. 

Lowry ΟΗ, Rosebrough ΝJ, Farr AL, Randall RJ (1951). Protein measurement with Folin phenol 

reagent. Journal of Biological Chemistry, 193 265 - 275. 

Mehtap K, Ethem A (2006). The effects of chronic cadmium toxicity on the hemostatic system. 

Pathophysiology of Haemostasis and Thrombosis 35 411 - 416. 

Misra HP, Fridovich I (1972). The role of superoxide anion in the autoxidation of epinephrine and a 

simple assay for superoxide dismutase. Journal of Biological Chemistry 247 3170 - 3175. 

Nagaraj M, Sunitha S, Varalakshmi P (2000). Effect of lupeol, a pentacyclic triterpene, on lipid 

peroxidation and antioxidant status in rat kidney after chronic cadmium exposure. Journal of Applied 

Toxicology, 20 413-417. 

Ng TYT, Klink JS, Wood CM (2009). Does dietary Ca protect against toxicity of a low diet borne Cd 

exposure to the rainbow trout? Aquatic Toxicology, 91 75-86.  



CIBTech Journal of Zoology ISSN: 2319–3883 

Online, International Journal, Available at http://www.cibtech.org/cjz.htm  

2021 Vol.10, pp.95-119/Jamakala et al. 
 

Research Article (Open Access) 

 Centre for Info Bio Technology (CIBTech)  117 

 

Nordberg GF, Bigawam K, Nordberg M, Friedmann JM (2007). Cadmium. In: Nordberg GF, Fowler 

BA, Nordberg M, Friberg L, editors. Hand book on the toxicology of Metals. Amsterdam: Elsevier 

publications; 445 - 486.  

Obaiah J, Usha Rani A (2012). Protective role of trace elements against cadmium induced alterations in 

the selected oxidative stress enzymes in liver and kidney of fresh water teleost, Oreochromis 

mossambicus (Tilapia). International Journal of Pharmacy and Pharmaceutical Sciences, 4(5) 303 – 310. 

Obaiah J, Usha Rani A (2014). Zinc and calcium supplementation to combat cadmium induced 

bioaccumulation in selected tissues of fresh water teleost, Oreochromis mossambicus (Tilapia). 

International Journal of Universal Pharmacy and Biosciences, 3(1) 229-242. 

Obaiah J, Usha Rani A (2014). Zinc and iron supplementation: A possible defense against cadmium 

induced bioaccumulation in liver and kidney of male albino rat. International Journal of Advanced 

Research, 2(3) 128-135. 

Obaiah J, Usha Rani A (2015). Biosynthesis of metallothioneins under cadmium stress, zinc and iron 

supplementation in liver and kidney of male albino rats. International Journal of Scientific and 

Engineering Research, 6(5) 250-258.  

Obaiah J, Usha Rani A (2015). Metallothioneins role against cadmium toxicity in zinc and calcium 

supplemented Oreochromis mossambicus (Tilapia). International Journal of Pharma and Biosciences, 

6(3) 149-163. 

Obaiah J, Usha Rani A (2016). Zinc and calcium supplementation to combat cadmium induced 

bioaccumulation in fresh water teleost Oreochromis mossambicus (Tilapia). International Journal of 

Pharmacy and Pharmaceutical Sciences, (In press). 

Obaiah J, Usha Rani A (2013). Therapeutic role of zinc and calcium against cadmium induced 

alterations in the selected oxidative stress enzymes in selected tissues of fresh water teleost, Oreochromis 

mossambicus (Tilapia). International Journal of Advanced Scientific and Technical Research, 6(3) 733-

759.  

Ognjanovic BI, Markovic SD, Pavlovic SZ, Zikic RV, Stajn AS, Saicic ZS (2008). Effect of chronic 

cadmium exposure on antioxidant defense system in some tissues of rats: Protective effect of Selenium. 

Physiological Research, 57 403-411. 

Ohkawa H, Ohishi Ν, Yagi Κ (1979). Assay for lipid peroxides in animal tissues by thiobarbituric acid 

reaction. Analytical Biochemistry, 95 351 - 358. 

Oishi S, Nakagawa JI, Ando M (2000). Effects of cadmium administration on the endogenous metal 

balance in rats. Biological Trace Element Research, 76 257–278. 

Oost RVD, Beyer J, Vermeulen NPE (2003). Fish bioaccumulation and biomarkers in environmental 

risk assessment: a review. Environ Toxicology and Pharmacology, 13 57-149. 

Oruc EO, Sevgiler Y, Uner N (2004). Tissue specific oxidative stress responses in fish exposed to 2, 4-

D and azinphosmethyl. Comparative Biochemistry and Physiology, 137C 43-51.  

Ozdemir G, Inanc F (2005). Zinc may protect remote ocularinjury caused by intestinal ischemia 

reperfusion in rats. Tohoku Jouanal of Experimental Medicine, 206 247-251. 

Ozturk A, Baltaci AK, Mogulkoc R, Oztekin E, Sivrikaya A, Kurtogh E, Kul A (2003). Effects of 

zinc deficiency and supplementation on malondialdehyde and glutathione levels in blood and tissue of 

rats performing swimming ecercice. Biological Trace Elemental Research, 94 157-166. 

Patra RC, Swarup D, Dwivedi SK (2001). Antioxidant effects of alpha tocopherol, ascorbic acid and L-

methionine on lead induced oxidative stress to the liver, kidney and brain in rats. Toxicology, 162 81-88. 

Peraza MA, Ayala–Fierro F, Barber DS, Casarez E, Rael LT (1998). Effects of micronutrients on 

metal toxicity. Environmental Health Perspectives, 106 203-216. 



CIBTech Journal of Zoology ISSN: 2319–3883 

Online, International Journal, Available at http://www.cibtech.org/cjz.htm  

2021 Vol.10, pp.95-119/Jamakala et al. 
 

Research Article (Open Access) 

 Centre for Info Bio Technology (CIBTech)  118 

 

Prasad AS, Babo B, Frances WJ, Kucuk BO, Sarkar FH (2004). Antioxidant effect of zinc in humans. 

Free Radical Biology and Medicine, 37 1182–1190. 

Pratama Yoga G (2002). Effect of cadmium exposure on lipid peroxidation in Tilapia. Limnotek, 9(1) 

23-32. 

Pretto A, Loro VL, Baldisserotto B, Pavanato MA, Moraes BS, Menezes C, Cattaneo R, Classen B, 

Finamor IA, Dressler V (2010). Effects of water cadmium concentrations on bioaccumulation and 

various oxidative stress parameters in Rhamdia quelen. Archives of Environmental Contamination 

Toxicology, 60 309-318. 

Radhakrishnan MV (2009). Effect of cadmium on catalase activity in four tissues of fresh water fish 

Heteropneustes fossilis (Bloch). The International Journal of Veterinary Medicine, 7 1. 

Ranzani-Paiva MJT, Lombardi JV, Gonçalves A (2011). Acute toxicity of sodium selenite and sodium 

selenate to tilapia, Oreochromis niloticus, fingerlings. Boletim do Instituto de Pesca Sao Paulo, 37(2) 

191-197. 

Rashed MN (2001). Cadmium and lead levels in the fish (Tilapia nilotica) tissues as biological indicator 

for lake water pollution. Environ Monitoring and Assessment, 68(1) 75-89. 

Satarug S, Baker JR, Reilly PEB, Moore MR, Williams DJ (2001). Changes in zinc and copper 

homeostasis in human livers and kidneys associated with exposure to environmental cadmium. Human 

and Experimental Toxicology, 20 205–213. 

Seebaugh DR, Goto D, Wallace WG (2005). Bioenhancement of cadmium transfer along a multi-level 

food chain. Marine Environmental Research, 59(5) 473-491.  

Shilo S, Pardo M, Aharoni-Simon M, Glibter S, Tirosh O (2008). Selenium supplementation increases 

liver MnSOD expression: Molecular mechanism for hepato-protection. Journal of Inorganic 

Biochemistry, 102 110-118. 

Siraj Basha P, Usha Rani A (2003). Cadmium induced antioxidant defense mechanism in fresh water 

teleost Oreochromis mossambicus (Tilapia). Ecotoxicology and Environ Safety, 56 218-221. 

Sobha K, Poornima A, Harini P, Veeraiah K (2007). A study on biochemical changes in the fresh 

water fish, catla catla (Hamilton) exposed to the heavy metal toxicant cadmium chloride. Kathmandu 

University Journal of Science, Engineering and Technology, 1 (4) 1-11. 

Szebedinnsky C, McGeer JC, McDonald DG, Wood CM (2001). Effects of chronic Cd exposure via 

the diet or water on internal organ- specific distribution and subsequent gill Cd uptake kinetics in juvenile 

rainbow trout (Oncorhynchus mykiss). Evironmental Toxicology and Chemistry, 20 597-607.  

Talas ZS, Orun I, Ozdemir I, Erdogan K, Alkan A, Yilmaz I (2008). Antioxidative role of selenium 

against the toxic effect of heavy metals (Cd
+2

, Cr
+3

) on liver of rainbow trout (Oncorhynchus mykiss 

Walbaum, 1792). Fish Physiology and Biochemistry, 34 217-222.   

Tim S Nawrot, Etienne Van Hecke, Lutgarde Thijs, Tom Richert, Tatiana Kuznestsova, Yu Jin, 

Jaco Vangronsveld, Harry A Roels, Jan A Staessen (2008). Cadmium-related mortality and long-term 

secular trends in the cadmium body burden of an environmentally exposed population. Environmental 

Health Perspectives, 116 (12) 1620-1628. 

Usha Rani A (2000). Cadmium induced bioaccumulation in the selected tissues of a freshwater teleost 

Oreochromis mossambicus (Tilapia). The Annals of the New York Academic Sciences, 919 (1) 318-320.   

Vaglio A, Landriscina C (1999). Changes in liver enzyme activity in the teleost Sparus aurata in 

response to cadmium intoxication. Ecotoxicology and Environmental Safety, 43 111-116. 

Vinodhini R, Narayanan M (2008). Bioaccumulation of heavy metals in organs of freshwater fish 

Cyprinus carpio (Common carp). International Journal of Environmental Science and Technology, 5(2) 

179-182. 



CIBTech Journal of Zoology ISSN: 2319–3883 

Online, International Journal, Available at http://www.cibtech.org/cjz.htm  

2021 Vol.10, pp.95-119/Jamakala et al. 
 

Research Article (Open Access) 

 Centre for Info Bio Technology (CIBTech)  119 

 

Vutukuru SS (2005). Acute effects of Hexavalent Chromium on survival, Oxygen consumption, 

hematological parameters and some biochemical profiles of the Indian Major Carp, Labeo rohita. 

International Journal of Environmental Research and Public Health, 2(3) 456 -462. 

Wang MH, Wang GZ (2009). Biochemical response of the copepod Tigriopus japonicus Mori 

experimentally exposed to cadmium. Archives of Environmental Contamination and Toxicology, 57 707-

717.  

Yalin S, Comelekoglu U, Bagis S, Sahin NO, Ogenler O, Hatungil R (2006). Acute effect of single - 

dose cadmium treatment on lipid peroxidation and antioxidant enzymes in ovirectamized rats. 

Ecotoxicology and Environmental Safety, 65 140-144.  

Zhang J, Shen H, Wang X, Wu J, Xue Y (2004). Effects of chronic exposure of 2, 4-dichlorophenol on 

the antioxidant system in liver of fresh water fish Carassius auratus. Chemosphere, 55 167-174. 


