



Copper and mercury altered oxidative metabolism in selected freshwater aquatic organisms

Abstract 

The major function of carbohydrates in metabolism is as a fuel to be oxidized and provide energy for their metabolic process. It is noteworthy that heavy metals like copper and mercury tend to create drastic disturbances in the oxidative metabolism of aquatic organisms, which can lead to death. In this connection, an attempt has been made to study toxic profiles of sublethal concentrations of copper and mercury in selected edible aquatic organisms with particular reference to carbohydrate and oxidative metabolisms. The decreased levels of tissue total carbohydrate glycogen, citric acid cycle enzymes and increased levels of cytosolic enzyme activities indicate the hypoxic condition induced by copper and mercury. Increased time of exposure from 7 to15 days, total carbohydrates and glycogen contents, activity levels of mitochondrial succinate dehydrogenase (SDH) in hepatic and muscle tissue (Hepatic fish, 0.267; snail, 0.245; crab, 0.185; muscle: fish, 0.145; snail, 0.180; crab, 0.114) were drastically decreased. In contrast, lactate dehydrogenase (LDH) and glutamate dehydrogenase (GDH) activity levels were increased significantly. All the animal hepatic tissue with reference to carbohydrate and oxidative metabolism showed maximum depletion when compared to muscle tissue. Hence, it is concluded that the heavy metals like copper and mercury create un-recoverable changes in carbohydrate and oxidative metabolism in aquatic organisms which leads to the death of organism.  
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1. Introduction

Heavy metals are known to alter the physiological biochemical status of the animal by inducing changes the activity of several metabolic enzymes (Levesque et al., 2002). Life to continue depends on bioenergetics. The vital metabolic activities depending oxygen consumption of tissue indicating their respective metabolic rates and hence the energy output. As metals are known to influence oxidative stress the citric acid cycle acts as a final common pathway for oxidation of carbohydrates (Lushchak et al., 2011). The energy thus generated is of prime importance for the organisms and any variation in the activity levels of enzymes of citric acid cycles therefore disturb the proceeding of the entire process there by causing many complications of variable nature. The present investigation is made is to study the combined toxicity of copper and mercury on the total carbohydrates, glycogen and related oxidative enzymes in different groups of animals and also during post exposure period. In addition to the earlier studies regarding copper and mercury toxicity (Khan et al., 2025; Lin et al., 2024; Patel et al., Hanwant Singh et al., 2020; Keller et al., 2024), the data of the investigation reveals the interpretation of metal induced changes in oxidative metabolism becomes complicated by the fact that such alterations differ not only from metal to metal and from species to species and organ to organ, but also from one experimental period to another. 
2. Material and methods

2.1. Treatment of animals

The technical grade copper chloride (CuCl2) and mercuric chloride (HgCl2) were used in the present study. Experimental animals fish (Tilapia mossambica), snail (Pila globosa) and crab (Oziotelphusa senex senex), were collected from freshwater ponds around Tirupati, maintained in separate troughs without crowding. They were fed ad libitum with groundnut cake (fishes), hydrilla plants (snails) and minced frog muscle (crabs) in a fixed feeding time schedules. Different concentrations of copper and mercuric chloride were prepared and used for experimentation.  The animals were divided into four groups. Each group consisted of six animals in which I group served as the control, II, III & IV groups were the experimental, which were exposed to time periods like 7 and 15 days. 1/10th of LC50 / 48 h was considered as the sub lethal concentration for copper chloride and mercuric chloride. The chosen sub lethal concentration of copper and mercury for fish was 0.6 ppm, 0.12 ppm, for snail it was 0.04 ppm, 0.05 ppm and for crab 2.8 ppm, 0.17 ppm respectively. IV group 15 days exposed animals were transferred to normal water for post exposure 15 days studies. 

2.2. Estimation of organic constituents

2.2.1.  Estimation of total carbohydrates
Total carbohydrate content was estimated by the method of Carroll et al., (1956). 10% homogenate of hepatic and muscle tissue was prepared in 10% tri chloro acetic acid (TCA).  The contents were centrifuged at 1000g for 15 min.  To 0.5 ml of TCA filtrate 5 ml of anthrone reagent was added and boiled for 15 min.  The tubes were cooled and the colour was read at 620 nm in a spectrophotometer using blank consisting of TCA and anthrone in the same proportion.  The values were expressed as mg/g wet wt of the tissue.
2.2.2. Estimation of glycogen

The glycogen content was estimated by the method of Carroll et al., (1956).  10% homogenate of hepatic and muscle tissue was prepared in 10% TCA separately and centrifuged at 1000g for 15 minutes.  To one volume of TCA filtrate, 5 volumes of ethanol were added and allowed to stand overnight in refrigerator. After the precipitation was complete the tubes were again centrifuged at 1000g for 15 minutes. The supernatants were discarded and tubes were allowed to drain in an inverted position for 10 min.  The residue was dissolved in 1 ml of distilled water.  Above solution was taken and 4 volumes of anthrone reagent was added.  A reagent blank (1 ml of distilled water) and a standard were prepared. The tubes were kept in boiling water bath for 15 minutes and later cooled to room temperature. The colour was read at 620 nm in a spectrophotometer against a blank.  The values were expressed as mg of glycogen/ gm wet wt. of tissue.

2.3. Oxidative metabolism: Enzyme assays
2.3.1. Succinate dehydrogenase activity (SDH): E.C:1.3.99.1

Succinate dehydrogenase activity was estimated by the method of Nachlas et al., (1960) as modified by Prameelamma and Swami, (1975).  The tissue was homogenized (10% w/v) in       0.25 M ice-cold sucrose solution. The homogenate was centrifuged at 1000g for 15 minutes to remove cell debris and nuclei. The supernatant was centrifuged at 1,05,000g for 45 minutes to obtain mitochondrial pellet. The pellet was dissolved in 0.25 M sucrose solution and used for the assay of the enzyme.

The reaction mixture in a final volume of 2 ml contained, 40 μ moles of sodium succinate, 100 μ moles of sodium phosphate buffer, pH 7.4, and 4 ( moles of 2-(4-iodophenyl)-3(4-nitrophenyl) 5-phenyl tetrazolium chloride (INT). The reaction was initiated by addition of appropriate amount of enzyme protein. The incubation was carried out for 3 minutes at 370 C in a thermostatic water bath, and the reaction was stopped by the addition of 5 ml glacial acetic acid.  The formazan formed was extracted over night into 5 ml of toluene at 50 C. The extraction was measured at 495 nm in a spectrophotometer against toluene blank. The SDH activity was expressed as ( moles of formazan formed /mg protein/ hour.

2.3.2. Lactate dehydrogenase activity (LDH): E.C:1.1.1.27
           Lactate dehydrogenase activity was estimated by the method of Srikanthan & Krishna Murthy, (1955) as modified by Prameelamma & Swami (1975). The tissues were homogenized (10% w/v) in 0.25 M ice-cold sucrose solution, centrifuged at 1,05,000g for 60 minutes. The supernatant (cytosol) fraction was used for enzyme assay. The reaction mixture in a final volume of 2 ml contained 100 ( moles of sodium phosphate buffer (pH 7.4), 40 ( moles sodium lactate, 0.1 ( moles NAD and 4 ( moles of INT.  The reaction was initiated by the addition of appropriate enzyme protein and the reaction mixture was incubated at 370 C for 30 minutes in a thermostatic water bath. The reaction was stopped by the addition of 5 ml of glacial acetic acid.  The formazan formed was extracted over night into 5 ml toluene at 50 C and read at 495 nm in a spectrophotometer against the toluene blank. The enzyme was expressed as ( moles of formazan formed/ mg protein/hour.
2.3.3. Glutamate dehydrogenase activity (GDH): E.C:1.4.1.3
          Glutamate dehydrogenase activity was estimated by the method of Lee & Lardy (1965).
The tissues were homogenized (10% w/v) in 0.25 M ice-cold sucrose solution, centrifuged at 1,05,000g for 60 minutes. The supernatant (cytosol) fraction was used for enzyme assay. The reaction mixture in a final volume of 2 ml contained 100 ( moles of sodium phosphate buffer (pH 7.4), 40 ( moles sodium glutamate, 0.1 ( moles of NAD and 4 ( moles of INT. The reaction was initiated by the addition of appropriate enzyme protein and the reaction mixture was incubated at 370 C for 30 minutes in a thermostatic water bath. The reaction was stopped by the addition of      5 ml of glacial acetic acid. The formazan formed was extracted overnight in 5.0 ml of toluene at   50 C. The intensity of the colour developed was measured at 495 nm against the toluene blank in a spectrophotometer. The enzyme activity was expressed as ( moles of formazan formed /mg protein/hour.

2.4. Statistical analysis
The data were statistically analyzed using Student’s t-test. P < 0.05 was considered significant.
3. Results
Combined effect of copper and mercury on tissue total carbohydrates and glycogen levels of the test animals are presented in 1 and 2. A gradual depletion of carbohydrates and glycogen contents were observed and it was found to be more in hepatic tissue of fish followed by snail and crab from 7 day to 15 days exposure period. 
Table 1: Changes in total carbohydrate content in hepatic and muscle tissues of Tilapia mossambica, Pila globosa and Oziotelphusa senex senex exposed to combined effect of copper and mercuric chloride.

(The values expressed as mg/g wet wt of the tissue)
	Name of the animal
	Tissue taken
	Control
	7 Days
	15 Days
	Reversal 15 Days

	Fish
	Liver
	55.83

± 1.92
	37.52

± 1.73

(-32.79)
	28.82

± 1.92

(-48.37)
	42.97

± 2.24

(-23.03)

49.09#

	
	Muscle
	14.89

± 0.92
	11.52

± 1.84

(-22.63)
	9.51

± 0.87

(-36.13)
	14.45
± 0.82

(-2.95)

51.94#

	Snail
	Hepatopancreas
	35.37

± 1.90
	29.94

± 1.84

(-15.35)
	27.19

± 2.36

(-23.12)
	33.14

± 1.96

(-6.3)

21.88#

	
	Muscle
	13.69

± 0.72
	11.79

± 1.16

(-13.87) NS
	10.63

± 2.04

(-22.35)

NS
	12.76

± 1.6

(-6.79)

20.03# NS

	Crab
	Hepatopancreas
	28.83

± 1.34
	20.23

± 1.02

(-29.83)
	18.06

± 1.22

(-37.35)
	27.13

± 1.39

(-5.89)

50.22#

	
	Muscle
	6.72

± 1.10
	4.98**

± 0.92

(-25.89)
	3.97

± 0.70

(-40.92)
	5.34**

± 0.49

(-20.53)

34.50#


*    P<0.05 and ** P<0.01
NS: Non-significant. Each value represents mean ± standard deviation of six individual observations.  Values in parenthesis represent percent change over control. “P” calculated between control and experimental value.  # indicates percent change over 15-day exposure

Table 2: Changes in glycogen content in hepatic and muscle tissues of Tilapia mossambica, Pila globosa and Oziotelphusa senex senex exposed to combined effect of copper and mercuric chloride.

(The values expressed as mg/g wet wt of the tissue)

	Name of the animal
	Tissue taken
	Control
	7 Days
	15 Days
	Reversal 15 Days

	Fish
	Liver
	13.54

± 0.31
	9.37

± 0.29

(-30.79)
	5.68

± 0.34

(-58.05)
	11.04

± 0.20

(-18.46)

94.36#

	
	Muscle
	5.43

± 0.62
	4.76

± 1.07

(-12.33)

NS
	3.92

± 0.58

(-27.8)
	4.80
± 0.90

(-11.60)

22.44#

	Snail
	Hepatopancreas
	6.09

± 0.23
	4.49

± 0.35

(-26.27)
	3.27

± 0.23

(-46.3)
	4.9

± 0.14

(-19.5)

49.84#

	
	Muscle
	2.96

± 0.28
	2.29

±  0.19

(-22.63)
	1.89

± 0.17

(-36.14)


	0.288

± 0.14

(-2.7)

84.76#

	Crab
	Hepatopancreas
	4.89

± 0.28
	4.11

± 0.34

(-15.95)
	3.24

± 0.29

(-33.74)
	4.62

±0.18

(-5.52)

42.59#

	
	Muscle
	2.7

± 0.18
	1.96

± 0.14

(-27.4)
	1.48

± 0.19

(-45.18)
	2.51

± 0.13

(-7.03)

69.59#


*    P<0.05 and ** P<0.01 

NS: Non-significant

Each value represents mean ± standard deviation of six individual observations.  Values in parenthesis represent percent change over control. “P” calculated between control and experimental value. # indicates percent change over 15-day exposure 
Table 3: 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.

	Name of 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




*    P<0.05 and ** P<0.01 

NS: Non-significant. Each value represents mean ± standard deviation of six individual observations.  Values in parenthesis represent percent change over control. “P” calculated between control and experimental value. # indicates percent change over 15-day exposure 

Table 4: Changes in glutamate dehydrogenase activity in hepatic and muscle tissues of Tilapia mossambica, Pila globosa and Oziotelphusa senex senex exposed to combined effect of copper and mercuric chloride.

(The values expressed as µ moles of formazan formed/mg protein/h)

	Name of the animal
	Tissue taken
	Control
	7 Days
	15 Days
	Reversal 15 Days

	Fish
	Liver
	0.838

± 0.019
	1.237

± 0.017

(47.61)
	1.67

± 0.025

(99.40)
	1.01

± 0.008
(21.47)

39.52#

	
	Muscle
	0.383

± 0.12
	0.456

± 0.010

(19.06)
	0.560

± 0.017

(46.21)
	0.438
± 0.017

(14.36)

21.78#

	Snail
	Hepatopancreas
	0.457

± 0.012
	0.545

± 0.011

(19.25)
	0.709

± 0.016

(55.14)
	0.502

± 0.022

(9.80)

29.19#

	
	Muscle
	0.263

± 0.017
	0.295**

± 0.011

(11.40)
	0.347

± 0.012

(36.6)
	0.272

± 0.011

(3.4)

21.61#

	Crab
	Hepatopancreas
	0.551

± 0.017
	0.681

± 0.013

(12.16)
	0.809

± 0.025

(31.93)
	0.576*

± 0.022

(4.5)

28.80#

	
	Muscle
	0.256

± 0.021
	0.300**

± 0.019

(17.18)
	0.361

± 0.018

(41.01)
	0.276*

± 0.012

(7.81)

23.54#


*    P<0.05 and ** P<0.01

Each value represents mean ± standard deviation of six individual observations.  Values in parenthesis represent percent change over control. “P” calculated between control and experimental value.  # indicates percent change over 15-day exposure 

Table 5: Changes in lactate dehydrogenase activity in hepatic and muscle tissues of Tilapia mossambica, Pila globosa and Oziotelphusa senex senex exposed to combined effect of copper and mercuric chloride.

(The values expressed as µ moles of farmazan formed/mg protein/h)

	Name of the animal
	Tissue taken
	Control
	7 Days
	15 Days
	Reversal 15 Days

	Fish
	Liver
	0.248

± 0.028
	0.590**

± 0.032

(137.9)
	0.689**

± 0.030

(177.8)
	0.345**

± 0.025

(39.11)

49.92#

	
	Muscle
	0.159

± 0.018
	0.230

± 0.020

(44.65) NS
	0.435

± 0.139

(173.5)
	0.195
± 0.015

(22.64)

55.17#

	Snail
	Hepatopancreas
	0.197

± 0.018
	0.391

± 0.031

(98.47)
	0.462

± 0.031

(134.51)
	0.211

± 0.018

(7.10)

54.32#

	
	Muscle
	0.095

± 0.011
	0.165*

± 0.072

(73.68)
	0.313

± 0.011

(229.47)


	0.119

± 0.011

(25.26)

61.98#

	Crab
	Hepatopancreas
	0.238

± 0.023
	0.502

± 0.025

(110.92)
	0.593

± 0.025

(149.15)
	0.279**

± 0.011

(17.22)

52.95#

	
	Muscle
	0.123

± 0.007
	0.264

± 0.014

(114.34)
	0.389

± 0.01

(216.47)
	0.150

± 0.009

(21.95)

61.43#


*    P<0.05 ** P<0.01

Each value represents mean ± standard deviation of six individual observations.  Values in parenthesis represent percent change over control. “P” calculated between control and experimental value. # indicates percent change over 15-day exposure 
Table 6: Changes in succinate dehydrogenase activity in hepatic and muscle tissues of Tilapia mossambica, Pila globosa and Oziotelphusa senex senex exposed to combined effect of copper and mercuric chloride.

(The values expressed as µ moles of formazan formed/mg protein/h)

	Name of the animal
	Tissue taken
	Control
	7 Days
	15 Days
	Reversal 15 Days

	Fish
	Liver
	0.625

± 0.048
	0.437**

± 0.035

(-30.08)
	0.267**

± 0.035

(-57.28)
	0.613

± 0.023

(-1.92)

129.5#

	
	Muscle
	0.245

± 0.029
	0.199**

± 0.019

(-18.77)
	0.142**

± 0.008

(-42.04)
	0.214*
± 0.01

(-12.65)

50.7#

	Snail
	Hepatopancreas
	0.446

± 0.027
	0.364

± 0.020

(-18.38)
	0.245

± 0.017

(-45.06)
	0.415

± 0.012

(-6.9)

69.38#

	
	Muscle
	0.300

± 0.017
	0.247

± 0.019

(-17.6)
	0.180

± 0.013

(-40.0)


	0.285

± 0.014

(-5.0)

58.33#

	Crab
	Hepatopancreas
	0.334

± 0.018
	0.256

± 0.013

(-23.3)
	0.185

± 0.013

(-44.6)
	0.292

± 0.01

(-12.5)

57.83#

	
	Muscle
	0.18

± 0.08
	0.148

± 0.148

(-19.56)
	0.114

± 0.06

(-38.04)
	0.153

± 0.013

(-16.84)

34.21#


*    P<0.05 ** P<0.01

Each value represents mean ± standard deviation of six individual observations. Values in parenthesis represent percent change over control. “P” calculated between control and experimental value.  # indicates percent change over 15-day exposure 

Fish (total carbohydrates, 28.82 mg/g; glycogen; 5.69 mg/g) snail (total carbohydrates, 27.19 mg/g; glycogen, 3.27 mg/g); crab (total carbohydrates, 18.06 mg/g; glycogen 3.24 mg/g) muscle tissue also envisaged similar trend except in snail see table 1 and 2. It is evident from the results showed in table 3, that exposure to sublethal concentrations of copper and mercury chloride had a marked effect on the oxidative metabolism of all the experimental animals. There was a gradual decrease of SDH with significant increase LDH and GDH activities in the hepatic and muscle tissues was observed see table 4, 5 and 6. On transfer to normal uncontaminated water for 15 days the depleted carbohydrates, glycogen, SDH activity and increased LDH, GDH activities were recovered significantly during depuration period (Table 4, 5, and 6). Suggesting a shift from anaerobic to aerobic metabolism. 
4. Discussion 

Carbohydrates are considered to be the first among the organic nutrients to be depleted and response to stress conditions. (Clarke 1975) from the tables (1 & 2) gradual decrease of total carbohydrate and glycogen contents were observed in hepatic and muscle tissues under 7 to 15 days exposure to copper and mercuric chloride. All the control animals showed higher levels of total carbohydrates and glycogen content in the hepatic tissue than the muscle suggesting its functional importance in synthesizing and storing of carbohydrates. The decreased levels of tissue carbohydrates could also be due to their decreased synthesis and mobilization of carbohydrates for energy purpose may be a compensatory measure of counter the toxic effect of heavy metals. In order to meet the high-energy demand, the mercury and copper stress animals utilize total carbohydrates and glycogen contents. Significant reduction of glycogen indicates increased rate of glycogenolysis (Lorenzon et al.  2000). Hyperglycemia accompanied by decreased in the levels of glycogen in different tissue of exposed to different heavy metals was reported by several workers.

The interpretation of metal induced changes in oxidative metabolism becomes complicated by the fact that such alterations differ not only from metal to metal and form species to species and organ to organ, but also from one experimental period to another. According to Usha Rani (1999) heavy metals damage the gill lamellae, which in turn lead to oxygen transport and causes the hypoxic condition in the tissues. This hypoxic condition facilitates the anaerobic respiration. It is evident from the tables C, D & E showed marked effect of oxidative metabolism of all the experimental animals. There was a gradual decrease of SDH and significant increase of LDH and GDH in the hepatic and muscle tissues of the test animals.

SDH is a key enzyme of citric acid cycle present in inner surface of the inner mitochondria membrane (Benkoel et al. 2000; Couture & Kumar 2003). It contains FAD as the prosthetic group, catalyses the dehydration of succinate to fumarate.  The depletion of SDH activity was observed in the present study can be correlated to binding of the metal with enzyme sulfohydral groups and damage their structural integrity and effects its function (James et al. 1992). LDH is a cytosolic enzyme mediates the interconversion of lactate to pyruvate.   The elevated LDH activity in the present study due to diminished TCA cycle enzyme activities. This may suggest that the animal show the predominance of anaerobic metabolism during heavy metal poisoning (El-demerdash 2001). The LDH activity increases during conditions favoring anaerobic respiration to meet energy demands when aerobic oxidation is lowered (Mastin et al. 1983). GDH enzyme activity was significantly increased with increasing time of exposure in all the exposed animals under this study. GDH enzyme serves as an important link between the nitrogen metabolism via the TCA cycle (Masola et al. 2003). Which involves in oxidative deamination of amino acids and regulates ammonia production from amino acids through ά-ketoglutarate system as a coenzyme (Sing & Mohan Rao 1983). It suggests that the deletion of carbohydrates induced activity of GDH indicates proteins are utilized for energy purpose. 

On the other hand, during post exposure period, the depleted total carbohydrates, glycogen and SDH enzyme with simultaneously increased in LDH and GDH activities were significantly turned normal levels, suggesting a shift from anaerobic to aerobic metabolism (James et al. 1992). In general, it can be concluded that the physiological conditions are directly related to the bioavailability of metals and further enzymes can be taken as good marker/indicators.
5. Conclusion

Carbohydrates in metabolism is as a fuel to be oxidized and provide energy for their metabolic and cellular processes. Variety of metals like copper and mercury are very bad in-connection with the carbohydrate metabolism followed by oxidative and antioxidant systems at systemic level in aquatic organisms. From the results it is concluded that copper and mercury create deficit with particular reference to carbohydrate metabolism followed by oxidative responses. The decreased levels of tissue total carbohydrate glycogen and increased levels of cytosolic enzyme activities indicate the hypoxic condition induced copper and mercury. During exposure to sublethal concentration of copper and mercury, decreased levels of mitochondrial succinate dehydrogenase activity in hepatic and muscle tissue and increased lactate dehydrogenase and glutamate dehydrogenase (GDH) activities were observed. 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.
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