



Accumulated copper and mercury induced lipid peroxidation and antioxidant defense mechanism in hepatic tissues of different aquatic species: In vivo study

Abstract

Metals such as Copper (Cu) and mercury (Hg) are the most diffused and hazardous organ specific environmental contaminants that exist in wide variety of physical and chemical status, each endowed with unique characteristics of target organ specificity. Aimed at correlating the tissue concentration of these heavy metals (copper and mercury) with oxidant defense levels and lipid peroxidation, different aquatic species with different life strategies (fish, Tilapia mossambica; snail, Pila globosa; crab, Oziotelphusa senex senex) were collected from freshwater environment in and around Tirupati, Andhra Pradesh, India. After due acclimatization to laboratory conditions, the test animals were exposed to sublethal concentrations of both the metals and studies were conducted for accumulation, antioxidant defense and lipid peroxidation after 7- and 15-days exposure periods and also after 15 days depuration period to clean water. The levels of the two antioxidant enzyme activities revealed that they are species dependant with fish liver showing higher reduction in glutathione S-transferase (GST) (0.28 ±0.02 (M/mg protein/min) and catalase (CAT) (0.19±0.02 (M/mg protein/min) than snail GST (0.18±0.09 (M/mg protein/min) and CAT (0.16±0.04 (M/mg protein/min). After 15 days in captivity and depuration the antioxidant enzyme activities in liver further decreased to reach normalcy. However, the hepatic lipid peroxidation was elevated in all the three aquatic species under study with increased levels of accumulation of the two metals in the liver tissue. This study reveals differences in increased bioavailability of heavy metals and lipid peroxidation with decreased antioxidant enzyme activities between the species under oxidative stress when exposed to pollutants. In a clean environment the antioxidant enzyme activities were restored to normalcy along with elimination of metal s accumulated during stress conditions.
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1. Introduction


Toxic metals (lead (Pb), cadmium (Cd), mercury (Hg), and arsenic (As) are widely found in our environments. Humans are exposed to these metals from numerous sources including contaminated air, water and soil.  Recent studies indicate that transition metals act as catalysts in oxidative reactions of biological macromolecules, therefore the toxicities associated with these metals might be due to oxidative tissue damage. Redox active metals such as iron, copper and chromium undergo redox cycling whereas redox inactive metals such as Pb, Cd, Hg and others deplete cell’s major antioxidants particularly thiol containing antioxidants and enzymes either redox active or redox inactive metals may cause reactive oxygen species (ROS). Enhanced generation of ROS can overwhelm, cell’s intrinsic antioxidant defense and results in a condition know as oxidative stress (Geret et al.,
 2002 and
 Arabi, 2004). To prevent the damage occurring in cellular components, there are numerous enzymatic antioxidant defenses designed to scavenge the reactive oxygen species in the cell (Shi and Wang 2004; Siraj Basha and Usha Rani 2003). Recent studies indicate that pollution toxicity in aquatic organisms may be associated with increased production of ROS leading to oxidative damage (Fereira et al., 2004). Under physiological conditions cells have antioxidant defenses that scavenge and prevent the generation of ROS and repair or degrade oxidatively modified molecules (Halliwell, 1999). 

ROS produced in cells during normal aerobic metabolism have ability to induce lipid peroxidation (LPD) and protein oxidation; the fore their detoxification and elimination are necessary for physiological cellular activity and survival. Extensive LPD in biological membrane causes impairment of membrane functions, decreased fluidity and inactivation of membrane bound enzymes and receptors. In the aquatic environment despite the presence of constituents or enhanced antioxidant defense system, increased levels of oxidative damage will occur in organisms exposed to contaminants, which stimulates the production of ROS (Livingstone, 2001). This increase in ROS production and subsequent oxidative damage has been associated with pollutant mediated mechanism of toxicity in fish liver (Lemaire and Living stone, 1993).  LPD or oxidation of polyunsaturated fatty acids are observed and has been used to analyze the effect of pollutant (Steegeman et al., 1992), indeed it was revealed an increased LPD in the liver of organisms exposed to contaminants such as PAHs, PCBs and other metals (Livingstone et al., 1993).

           Aiming at correlating the alterations in bioavailability and antioxidant defenses with the presence of heavy metal pollutants like copper and mercury in aquatic environment, we analyzed these changes in three different aquatic species like fish (Tilapia mossambica), snail (Pila globosa) and crab (Oziotelpusa senex senex). These three species were selected due to different life strategies and which are easily affected by the vulnerable pollutants. Fish (Tilapia mossambica) is an omnivorous species and it is an indicator of heavy metal pollution in the aquatic ecosystems. Snail (Pila globosa) and crab (Oziotelpusa senex senex) would serve as molluscan and crustacean models for metal induced alterations in freshwater environments. The bioavailability of the metals (copper and mercury) in selected species were undertaken to correlate the accumulated effects of both the metals on antioxidant enzymes GST and CAT and oxidative damages (LPD) at exposure periods and after 15 days depuration to clean water. The purpose of the study is to evaluate oxidative stress responses in three different species due to the combined effects of copper and mercury. Subsequently the changes in the activities of key antioxidant defenses and the levels of oxidative damages were also analyzed after due transfer of the test species to a clear environment
2. Material and methods
2.1 Maintenance of animals and preparation of stock solution

All the chemicals
 used in this study were of analytical grade. The technical grade copper chloride (CuCl2) and mercuric chloride (HgCl2) obtained from S.D fine chemicals and boiled were used in the present study. The stock solution of 1000 ppm (1000mg/ liter) (copper chloride and mercuric chloride) was prepared separately by dissolving the chemical in distilled water and required concentration of experimental solution was prepared by diluting the stock solution with distilled water, one day prior to the experiment, the control animals were kept in tap water without the addition of the metals

The experimental animals such as fish (Tilapia mossambica), Snail (Pila globosa) and crab (Oziotelphusa senex senex), were collected from various inhabitants around Tirupati
, A.P, India, and were maintained in separate troughs without crowding. The laboratory temperature was maintained at 28C ± 2oC.  They were fed adlibitum with groundnut cake (For fishes), hydrilla plants (For snails) and minced frog muscle (For crabs) in a fixed feeding time schedules. 


The animals were divided into five groups. Each group consisted of eight animals in which first group served as the control. The remaining groups were the experimental, which were exposed to different time periods like 7days and 15days
.  The 1/10th of LC50/48h was considered as the sub-lethal concentration for copper chloride and mercuric chloride. The sub lethal concentration for fish was 0.6ppm, 0.12ppm, for snail it was 0.04 ppm, 0.05ppm and for crab 2.8ppm, 0.17ppm respectively. For the reversal post exposure 15 days studies, the 15 days heavy metal exposed animals were transferred to normal water after.  The LC50/48 hr values for CuCl2 and HgCl2 to all the test animals were already evaluated from this laboratory (Usha Rani and Ramamurthy, 2000).
2.2 Bioaccumulation studies

The accumulation of copper and mercury in the hepatic and muscle t
issue were determined by the atomic absorption spectrophotometer (AAS) (Perkin-Elmer 2380).


The tissue from both experimental and control groups weighing 50mg were isolated and kept in 5 ml of 3:2 Nitric acid: Perchloric acid mixture. The sample containing vials kept overnight for tissue digestion.  The acid mixture was slowly evaporated with controlled temperature hot plate (The temperature was kept below 1200C) to near dryness.  The residual ash was dissolved in 5 ml of double distilled water for AAS studies.  The concentration of metals in hepatic and muscle tissues of fish (Tilapia mossambica), snail (Pila globosa) and crab (Oziotelphusa senex senex) after combined effect of copper and mercuric chloride for 7 days, 15 days and post exposure 15 days were determined.  The standard calibration curves were prepared using the standard copper and mercury solutions.  The samples were analyzed using the standard calibration curves.
2.3. Lipid peroxidation
The lipid peroxidation was determined by the TBA method of Hiroshi Ohkawa and Ohishi Yagik (1979). The tissues 
were homogenized (10% W/V) in 1.5% potassium chloride solution. To 1 mL of the tissue homogenate, 2.5 mL of 20% TCA and 2.5 mL of 0.05 M sulphuric acid were added. To this 3 mL of thiobarbituric acid (TBA) was added and the sample was kept in a hot water bath for 30 min. The samples were cooled and malondialdehyde (MAD) was extracted into 4 mL of n-butanol and read at 530 nm in a spectrophotometer against reagent blank. The trimethoxy pentane (TMP) was used as external standard.

2.4. Catalase activity (CAT): (E.C:1.11.1.6)

CAT activity was measured following the method of Chance and Machly (1955). The tissues were homogenized (10% W/V) in 50 (M phosphate buffer (pH 7.0) and centrifuged at 16,000 X g for 45 min. The supernatant was used as the enzyme source. The reaction mixture contained 2 mL of phosphate buffer (pH 7.0) and 0.45 mL of 30 mM hydrogen peroxide in buffer and 0.025 mL of enzyme source. The absorbance was read at 240 nm against the blank. The enzyme activity was expressed as ( moles of H2O2   metabolized/mg protein/min.

2.5. Glutathione S-transferase activity (GST): (E.C:2.5.11.8)

Glutathione S-transferase 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 50 mM tris HCl buffer of pH 7.4 containing 0.25 M sucrose and centrifuged at 16,000 X g for 45 min. 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 appropriate 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 ( moles of thioether formed/mg protein/minute.

3. Results

From the three aquatic species, the hepatic tissues were isolated to estimate antioxidant enzyme activities (CAT and GST) and also the lipid peroxidation (Table-1). Bioaccumulation of the heavy metal, copper was significantly higher in the liver of all the three species when compared to mercury accumulation (Table 1). However, the combined effect of these two metals on LPD was significantly evident with higher MDA levels in the liver of fish (42.19±3.1 ηM/gm wet. Wt. of tissue) than the other two aquatic species (for snail it was 20.60±2.9 ηM/gm wet. Wt. of tissue and crab 23.12±0.62 ηM/gm wet. Wt. of tissue). In contrast to this, the CAT activity significantly decreased in all the three species. The hepatic CAT activity in the snail recorded maximum decrease (0.16±0.014 µM/mg protein/min) than the hepatic CAT activities of other two species (for fish 0.19±0.02 µM/mg protein/min and crab 0.2±0.011µM/mg protein/min). However, the CAT activity started increasing after the depuration period reaching to normalcy (Table-1).
Table 1: Bioavailability of copper and mercury lipid peroxidation and antioxidant defense mechanism in hepatic tissue of Tilipia mossambica (Fish), Pila globosa (Snail) and Oziotelphusa senex senex (Crab) under combined exposure of copper and mercury.

	Tissue
	Parameter studied
	Control
	7 Day
	15 Day
	Reversal 15 Day

	Fish 
(Liver)
	Bioaccumulation
	Copper
	2.84 ±±±±±±0.32
	13.6 ± 2.7
	23.4 ±1.37
	3.51 ±0.44

	
	
	Mercury
	0.81 ±0.02
	5.12 ±0.8
	8.3 ±0.99
	2.2 ±0.27

	
	Lipid Peroxidation
	13.83 ±1.21
	31.82 ±2.2
	42.19 ±3.1
	17.93 ±1.1

	
	Antioxidant
	Catalase
	0.57 ±0.01
	0.33 ±0.01
	0.19 ±0.02
	0.37 ±0.012

	
	
	Glutathione

S-transferase
	0.57 ±0.016
	0.42 ±0.014
	0.28 ±0.02
	0.41 ±0.013

	Snail (Hepatopancreas)
	Bioaccumulation
	Copper
	3.12 ±0.83
	10.12 ±1.24
	20.1 ±2.31
	4.73 ±0.93

	
	
	Mercury
	0.49 ±0.003
	2.18 ±0.08
	4.67 ±0.24
	0.82 ±0.06

	
	Lipid peroxidation
	6.08 ±0.39
	15.51 ±1.72
	20.60 ±2.9
	8.85 ±1.3

	
	Antioxidant


	Catalase
	0.27 ±0.032
	0.23 ±0.014
	0.16± 0.014
	0.24** ± 0.019

	
	
	Glutathione

S-transferase
	0.43± 0.008
	0.30 ±0.017
	0.18±0.09
	0.33±0.014

	Crab (Hepatopancreas)
	Bioaccumulation
	Copper
	2.46±0.31
	6.8±0.74
	14.2±1.12
	2.7±0.39

	
	
	Mercury
	0.42±0.003
	1.79±0.08
	3.12±0.62
	0.7±0.12

	
	Lipid peroxidation
	7.89±0.78
	16.18±1.82
	23.12±2.81
	9.52±0.56

	
	Antioxidant


	Catalase
	0.37±0.015
	0.26±0.014
	0.20±0.011
	0.28±0.017

	
	
	Glutathione

S-transferase
	0.48±0.015
	0.25±0.014
	0.17±0.005
	0.39±0.011


All P values are significant at 0.01 and 0.001


Regarding GST activities, the results showed that all the three aquatic species envisaged a significant decrease with increase 
in the time of exposure to Cu and Hg. The maximum decrease was observed at 15d exposure period for the hepatic tissues of crab (0.17±0.005 µM/mg protein/min) followed by snail (0.18 ±0.09 µM/mg protein/min) and fish (0.28±0.026µM/mg protein/min). The GST activity after depuration significantly increased over the experimental activity for all the three species.

4. Discussion

The first step of this research consisted of the checkup of heavy metal tissue contents on in vivo exposures of the three aquatic species to the two metals Cu & Hg
.  Data showed that Cu and Hg incubations caused an increase of either metal in the hepatic tissue and moreover, that these metals did not largely interfere with the tissue accumulation of each other
.  The accumulation of these two metals increased with the time of exposure (Table 1) and there was decrease in accumulation rate during depuration period.  Cu accumulation is more than Hg in all the three aquatic species under study with fish liver showing maximum accumulation than the hepatic tissue of other two species i.e., crab and snail suggesting functional status of the organ and basal metabolic rate of the animals under stress conditions (Clearwater et al., 2000).  It is also further augmented that this may be due to interaction of Hg and Cu, wherein Hg is known to induce copper accumulation (Huang and Lin 1997).  However, during depuration accumulated metals are rapidly lost from the tissues supporting the prevalence of mechanisms such as sequestration, elimination and adaptability of animals to stress (Khering et al., 2001, Wood et al., 2002)


The combination of these two metals caused a significant increase in lipid peroxidation and markedly decreased the activities of the antioxidant defense enzymes like CAT and GST particularly in the liver tissue of the three aquatic species (fish, crab and snail) under study, suggesting the possibility of some biochemical adaptation in organisms from chronically polluted environments.  LPD that is measured by TBRS was enhanced during the exposure period suggesting the interaction of the two metals on the membrane phospholipids leading to disorganization of the membrane. Increased MDA levels in fish brain exposed to Lead was observed by Shafiq ur-Rehman (2003) and similar results were also observed by Geret et al. (2002) in gills of the clam Ruditapes de cussates. On the other hand, the decreased CAT activity in our study may be due to increased MDA levels which usually cross link with amino group of protein to form intra and inter molecular cross links thereby inactivating several membranes bound enzymes (Kikugowa et al., 1984; Company et al., 2004). The decreased GST activity in all the three species might be due to response to conjugation of the two heavy metals with glutathione and cysteine. Similar antioxidant defense mechanisms were observed in fish and mussel exposed to other heavy metals (Siraj Basha and Usha Rani 2003; Dafre et al., 2004). Indeed, the decrease in activities of both GST and CAT can lead to promote the levels of reactive oxygen species (ROS) and subsequently the effect on the oxidation of proteins. Thus, the decrease in antioxidant enzyme activities (GST and CAT) in all the three aquatic species under study, confirms that the animals are exposed to oxidative stress due to pollutants and can reprogrammed the cell response when transferred to unpolluted environment.


Our results demonstrate a pollutant induced adaptive response in three different aquatic species. In addition, levels of enzymatic tissue antioxidant may serve as surrogate markers of exposure to oxidant pollutants in fish, snail and crab. The experimental data thus obtained with these aquatic species can be considered as a useful reference for comparison with biomarkers response of organisms living in polluted environments.  
5. Conclusion 

Toxic metals (lead (Pb), cadmium (Cd), mercury (Hg), and arsenic (As) are widely found in our environments. Out of all, bioaccumulation copper and mercury are very much dangerous and prone to death. From the results it is concluded that copper and mercury caused peroxidation of lipids and significantly altered the antioxidant mechanism at cellular level. The increased/decreased levels of MDA and CAT reveal the hyper polarization of lipid moiety which leads to the oxidative stress, cellular damage and disease development. It is also evident that differences in increased bioavailability of heavy metals and lipid peroxidation with decreased antioxidant enzyme activities between the species under oxidative stress when exposed to pollutants. In overall, it is concluded that the adversity to lethality has been observed during exposure of aquatic animals to copper and mercury and finally leads to death of the organisms with particular reference to Cu and Hg in-connection with the aquatic organisms.
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