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Abstract: Heavy metals of acetate salts of lead, zinc, copper and mercury cause serious toxic effects on protein biosynthesis. 

These metal salts reduce the plasma protein content. A dose-response relationship is found to occur in this blood parameter in 

the experimental fish in comparison to the control group of fishes. Both groups are fed. Higher dose of those chemical agents 

are much responsive to cause harmful effects on fish plasma protein amount. All the heavy metals toxicity except zinc toxicity 

are shown to be continued (reduced) upto day 42 but the decrease in the said parameter is more marked with zinc salt on day 7 

only. The present investigation is an attempt to evaluate the relationship of this haematological parameter with the 

physiological status among the heavy metal polluted fishes during chronic treatment. 

Keywords: Environmental Pollution, Metal Toxicity, Fish, Plasma Protein, Long Term Treatment 

 

1. Introduction 

All the living creatures are the inhabitants of Earth which 

make up our surroundings and affect our ability to live in the 

Earth. The Earth supports many life forms in its hydrospheres 

(water bodies) and lithosphere (land area) under the 

atmospheric cover providing conditions more or less 

favourable for life to sustain of which change is referred as 

pollution of the environment [1] 

There are three possible ways of metal pollution through 

which metals enter the body of fish, the gills, digestive tract 

and body surface. High concentrations of heavy metals are 

found in fish river, kidney, gills [2, 3]. Low concentration of 

some heavy metals like NI, Cu, Cr, Hg, Zn, Cd, Pb etc. 

induce changes also in morphology, physiological and 

biochemical parameters in fish.More than three decades ago, 

growth of industries, urbanization and modernization 

gradually leads to environmental pollution. For the quest 

development and improvement of the society as well as the 

country industrialization is essential in the world. But the use 

of modern and new technologies for the industry are 

destroying the precious natural resources. Water is principal 

component of biosphere but fresh water is limited.Metals 

generally enter into the ecosystem in a relatively non-toxic 

form. Heavy metals are the most noxious pollutant owing to 

their diverse effects. Some of them through the 

environmental reactions involving various microorganisms 

and non-biological pathways are converted into toxic form. 

Examples can be cited. Such biological reactions are 

methylation of inorganic mercury, lead, selenium, arsenic, tin 

etc. The methylated metallic compounds have generally been 

found to be more toxic than their inorganic forms. Inorganic 

metals like lead, zinc, cadmium, nickel, copper, arsenic, 

mercury are very toxic to the animals, plants and human also. 

Heavy Metal toxicity is one of the serious hazards to cause 

deleterious effects on animals, plants, humans, soils of the 

environment. Heavy metals are vital inducers of oxidation 

stress in aquatic species [4].Our environment comprising air, 
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water and land is being polluted by ourselves, knowingly or 

unknowingly, to meet the need of us. When 

civilisationstarted, the most developed mammalian creature, 

human being used some metallic tools, utensils, etc., for 

maintaining their domestic life activities. Pollution can be 

occurred physically, chemically and biologically resulting 

health hazards to man, animals, birds, wildlife, fish or aquatic 

life or to plants. Disposal of various waste products 

(inorganic and organic), such as, municipal wastes from 

lavatories, bathrooms, kitchens, laundries, laboratories, etc., 

industrial wastes from battery and paint manufacture and 

burning of fuels (lead, mineral acids), chrome-tanning and 

aluminium anodizing (chromium), ceramic plants and glass 

etching and transistor factories (fluorides), copper pickling 

and plating (copper and mineral acids), DDT manufacture 

(mineral acids), dye manufacture (phenolic compounds), 

explosive factories (nitrocompounds), galvanizing industries, 

rayon manufacture and rubber processing (zinc), metal 

refineries and cleaning (cyanides and fluorides), 

petrochemical industries and synthetic rubber, resin factories 

(hydrocarbon, phenol, fats, oils, formaldehyde, etc.), paper 

pulp, oil refining, plastic, and drug industries (mercury), 

tanneries (sulfides, chromium, phenols, tannic acids) etc., 

automobiles (dust particles, gases like carbon monoxide, 

carbon dioxide, vapour, etc.), and agricultural product 

(fertilizers, pesticides, animal wastes etc.) cause 

environmental pollution leading to degradation of aquatic 

ecosystem and adverse impacts on inhabiting flora and fauna 

[5-15]. If pollution becomes sustained for a long time, we 

cannot breath fresh air, drink clean water and take pure food 

to survive ourselves in our society. Moreover, pollution can 

adversely affect or becomes toxic to fish and other aquatic 

animals in sea, rivers, lakes and ponds which are toxic due to 

accumulation of heavy metals by the human activities and by 

industrialization [10, 16-26] 

Water pollution has a great relevance with respect to health 

due to uses of contaminant water. There are incidences of 

number of diseases. Aquatic pollution has become a global 

problem; continued anthropogenic input of heavy metal 

toxicants through the agricultural land degradation into the 

aquatic environment dictates a continued assessment of their 

species - specific effect on representative of the ecosystem 

and biodiversity [23]. 

India is a vast country with a total geographical area of 

329 million sq. km. India is also fortunate to have numerous 

rivers, big and small. Through our country’s major water 

resources were relatively free from pollution upto some year 

back, marked deterioration in water quality has come to the 

notice in a number of location. Even the water of Ganga 

river, once considered the purest of all and regarded as 

sacred, is getting polluted by discharge of untreated sweage 

and industrial wastes like organo-chlorine pesticides and 

heavy metals [18, 21, 24- 26]. 

Toxic metals like lead, arsenic, silver, copper, zinc, 

chromium, mercury, cadmium etc. as mutagenic, teratogenic 

and carcinogic have been detected about the permissible 

levels in some rivers, lakes and coastal waters of Bombay, 

India and other countries also because of the vast release of 

industrial effluents from the nearby processing industries [1, 

12, 16, 18, 27]. Surveys at the coastal waters of Bombay 

have revealed high content of mercury in the fish at the level 

of 80 - 120 µg/gm, fishes from Thane and Mumba Creek 

have the mercury level above 500 µg/gm due to effluents 

containing mercury from the nearby chlor-alkali plants and 

paper pulp industries [16] inorganic and organic mercury 

contained other water system like lakes, river, sea etc. have 

polluted fish as an aquatic animal [28-33]. 

The discharge from sewers, night soil, discharges from 

ship including oil, insectisides and fungicides and other 

chemical pollutants such as, acids, alkalies, free chlorine, 

sulphides, heavy metals, phenols, cyanides and even 

ammonia from a large number of factories and mills pollute 

the water of Hooghly river of West Bengal [8]. These 

substances directly or indirectly by a chain of chemical 

reactions seem to greatly damage the crabs, hilsa and other 

fishes and other animals also. 

It may be also pointed out that water pollution inflicts 

immense damage to fisheries which the main source of 

protein in many countries of India. Many rural people also 

earn their liveligoods from the fisheries. So It is very 

important problem for these people to maintain their lives 

due to gradual pollution of water system and reduction of fish 

population by water pollutions caused by heavy metal 

toxicity as indicated in figure1. But human activities are 

responsible for leading to accumulation of heavy metals in 

aquatic environment [10]. 

 

Figure 1. Dispersion of Metals in Environment (Water system and land or 

Soil). 

The concept of heavy metal toxicity in experimental 

animals and human beings may be greatly modified and 

indeed modulated by the nutritional status of the animal or 

person. Toxicity of heavy metals cannot be assessed without 

definitive control of dietary intake and nutritional status of 

either the experimental animal or human subject [20, 30, 34]. 

Metal toxicity in fish is often characterised by gill damage 

and hypersecretion of mucus, ensuing mortalities are related 

to secondary physiological respiratory disturbances, i.e. ion 

regulatory and acid-base balance disturbances of which 

extent depends upon uptake and bio-accumulation of metals 

[13]. It is also reported that 80µg. of arsenic and 40µg of lead 
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per 100 ml of blood cause poisoning in adult, children (brain 

damage) and also in fish respectively, small increase in 

mercury level can damage to aquatic life, i.e., plants (algae), 

and animals (fish) of which mucous secretions of gills are 

precipitated resulting the arrest of interlamellar spaces and 

the movement of gill filaments thereby preventing respiration 

and also metabolic upsetin some organs due to accumulation 

of Zn, Cd, Hg, Cu in gills and also in liver, kidney, blood [2, 

3, 13, 18, 28,35-39]. 

In mammalian system and fish organs metals cause early 

mortality, growth retardation, impaired reproduction with 

mortality of offspring, depression of physiologic parameters, 

derangement of cell membrane permeability and 

antimetabolic activity; those metals also can interact with a 

protein leading to an allosteric effect, or with DNA or RNA 

to stop normal metabolism as well as to reduce the nucleic 

acid contents even to a change in an ecological system, i.e. at 

the molecular level toxic effects are observed in changes in 

rates of catalytic decomposition of essential metabolites, 

enzyme inhibition, and irreversible conformational changes 

in macromolecular structure [35, 40-44]. 

In Channa punctatus a sublethal concentration (Immersion) 

of lead nitrate causes an inhibition of the activities of several 

peptidase and lipases of the digestive system [13]. Heavy 

metals at high concentrations can cause harmful effects on 

the bio-chemical system of fishes and this causes long term 

ecotoxicological effects on the organism that eat them [45]. 

Experiments on toxicity of mixtures of different heavy metals 

to a teleost are observed by the interaction of the 

concentration of copper, zinc and nickel [46] 

It is observed that the lowering of delta ALA-D activity 

occurs in some visceral tissues like lung, heart, kidney and 

blood of rat by zinc [47]. In case of intoxication with lead, 

mercury and cadmium, these metals are accumulated in gills, 

liver and kidney of Coho salmon and other fishes and affect 

some blood picture and hematological indices of fish and 

these are primarily associated with proteins and carbohydrate 

metabolism as well as bioaccumulation of nickel and 

vanadium occurs also in fish organs [48-58]. 

Continuous accumulation of lead, zinc, mercury, copper, 

cadmium etc., can interfere with the enzyme, lipid, protein, 

and nucleic acids to form metal complexes and to cause huge 

defects on organs and blood level resulting functional 

disturbances in organs and structural changes in aquatic 

ecosystem [59-65]. 

After exposure to lead, chromium, copper, cadmium, 

mercury etc., enzyme value, nucleic acid, protein, lipid and 

carbohydrate contents show reduction in liver, muscleand 

kidney of rat, fish and other animals [37, 66-75]. 

Blood cholinesterase, deaminase, ferrochelatase, acid 

phosphatase, aminolevulinic acid dehydratese, ATPase and 

other enzyme activitiesand serum or plasma and tissue 

protein content as well as other biochemical parameters are 

shown to be inhibited or increased or altered by several 

metallic salts of lead, copper, nickel, zinc, cadmium, 

mercury, etc. in fish and other animals [15, 41-43, 65, 76-83]. 

2. Materials and Methods 

The Magur fishes,(Clarias batrachus L.) a type of fresh 

water scaleless teleost of comparatively medium size, are 

abundantly available in West Bengal (India) and are good 

sources of protein. The varying sizes ranging from 10 or 15 g 

to about 200 to 300 gm are usually available in the local 

market in all the seasons. These fishes can easily be 

maintained in the laboratory with less mortality. They can 

survive in air for a considerable length of time because of the 

presence of accessory respiratory organs suitable for air 

breathing. 

The magur fishes, irrespective of sex, of 40 to 60gm body 

weight were collected from the local market. They were 

maintained in tap water in big polythene tray in the 

laboratory as 25°± 1°C. The fishes were fed adlibitum with 

Tubifex tubifex. After adaptation of the fished for 4 to 5 days 

in the laboratory conditions they were used for the 

experiments 

2.1. Acetate 

2.1.1. Cupric acetate 

It was the product of British Drug House (BDH), England. 

This was dissolved in distilled water and diluted in this 

medium at the desired concentration for injection. 

2.1.2. Zinc acetate 

It was the product of Sarabhai M. Chemicals, Bombay, 

India. This was dissolved in distilled water and diluted in this 

medium at the desired concentration for injection. 

2.1.3. Mercuric acetate 

It was the product of LobaChemieIndoaustranal Co., 

Bombay, India. This was dissolved in distilled water and 

diluted in this medium at the desired concentration for 

injection. 

2.1.4. Lead acetate 

It was the product of E. Merck A.G. Darmstadt, Germany. 

This was dissolved in distilled water and diluted in this 

medium at the desired concentration for injection. 

2.2. Chemicals and Reagents Used for the Estimation of 

Plasma Protein of MagurFish 

2.2.1. Standard protein solution 

Bovine serum albumin, cohn fraction V (Sigma Chemical 

Company, St. Louis, USA) was used for the preparation of a 

standard protein solution. A standard containing 200 µg of 

protein per ml was prepared by dissolving the calculated 

amount in distilled water. 

2.2.2. 
2
/3 N H2So4 Solution 

It was prepared by diluting 1.86 ml of conc. H2So4 [Glaxo 

Laboratories (India) Ltd.] to 100 ml by glass distilled water. 

2.2.3. 10% Na-tungstate Solution 

It was prepared by dissolving 10g of Na-tungstate [BDH, 

glaxoLaboratoires (India) Ltd.] in distilled water and made 
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the volume to 100 ml. 

2.2.4. 2 M NaOH 

It was prepared by dissolving 8g of NaOH [Glaxo 

Laboratories (India) Ltd.] in distilled water and the volume 

was made upto 100 ml. 

2.3. Reagent 

2.3.1. Reagent A 

500 mg of sodium potassium tartarate [BDH, Glaxo 

laboratories (India) Ltd.] and 20 g of sodium carbonate 

(Sarabhai Chemicals, India) and 4g of sodium hydroxide (E. 

Merck, India) were dissolved in 500 ml distilled water and 

then diluted with distilled water to one litre. 

2.3.2. Reagent B 

500 mg of cupric sulphate, 5 H2O [BDH, Glaxo 

Laboratories (India) Ltd] was dissolved in 50 ml distilled 

water and then diluted to 100 ml with distilled water. 

2.3.3. Regent C: Diluted Folin Reagent 

The Folin reagent was prepared by refluxing gently for 10 

hours a mixture consisting of 100 mg of sodium tungstate (E. 

Merck, India), 25 g of sodium molybdate (E. Merck A.G. 

Darmstadt, Germany), 700 ml of distilled water, 50 ml of 

85% phosphoric acid and 100 ml of concentrated 

hydrochloric acid in 1.5 litre flask. It was allowed to boil and 

then 150 g lithium sulphate [Analar, Glaxo Laboratories 

(India) Ltd.], 50 ml of distilled water and few drops of 

bromine water were added; it was boiled for 15 minutes 

without condenser to remove excess bromine. This mixture 

was cooled anddiluted to one litre and filtered. The acid 

concentration of the reagent was determined by titration with 

1 N NaOH to a phenolphthalein end point. Just before use the 

reagent was diluted accordingly so as to prepare a diluted 

Folin reagent of 1 N of acid strength. 

2.4. Estimation of Plasma Protein 

To 50 ml of plasma, 5 ml of 0.65% sodium chloride 

solution was added to dilute the plasma, 1 ml of 2/3 NH2So4 

and 1 ml sodium tungstate were added to this diluted plasma 

and mixed thoroughly. It was then centrifuged. The 

precipitate was washed by suspension and sedimentation 

with 5 ml of absolute alcohol and finally it was dried with 5 

ml of ether at room temperature. The dried protein thus 

obtained was dissolved in 5 ml of 2 N NaOH. The clear 

solution was suitably diluted and the protein was estimated 

by the method of Lowry et al., 1951[84]. The reading of the 

sample tubes was taken at 750 nm using ‘Beckman 

Spectrophotometer’ (USA). 

2.5. Procedure 

Fresh and healthy Magur fishes, (Clarias batrachus L.), 

irrespective of sex and of body weitht of 50 ± 10 g, were 

collected from a local supplier and maintained in the 

laboratory conditions at 25
0 

C ± 1
0
 C for 5 to 7 days before 

experiments. The fishes were distributed at random in 

different groups for experiments. They were fed ad libitum 

with Tubifex tubifex. The acetate salts of copper, zinc, 

mercury and lead were used for the treatments. 

Since high doses of these metals caused mortality of most 

of the animals within a week, suitably tolerable doses of the 

acetate salts of copper, zinc, mercury and lead were first 

selected by series of trials in order to avoid mortality of the 

experimental aminals during the period of experiments. 

Therefore, the suitable doses were found to be: zinc acetate 

(Sarabhai M. Chemicals, Bombay, India)-5, 10, 20x10
-9

 

mole/g (three consecutive days injections), lead acetate (E. 

Merck A.G. Darmstadt, Germany) -25, 50 75 x 10
-9

 mole/g 

(three consecutive days injections), cupric acetate (British 

Drug House, England) – 5, 10, 20 x 10
-9 

mole/g (single 

injection), mercuric acetate (LobaChemieIndoaustral Co., 

Bombay, India) – 5, 10, 20 x 10
-9

 mole/g (single injection). A 

single and two consecutive days injection(s) of zinc and lead 

acetate were ineffective and therefore, three consecutive days 

injections of the metal salts were given. Naturally 5, 10 and 

20 x 10
-9

 mole/g of cupric, mercuric and zinc acetate and 25, 

50, 75 x 10
-9

 mole/g of lead acetate were considered as lower, 

medium and higher effective doses respectively. 

For investigating the plasma protein content, the animals 

were injected intraperitoneally with cupric acetate, zinc 

acetate, mercuric acetate and lead acetate, all dissolved in 

distilled water, at the doses as mentioned above. The injected 

volume did not exceed 180  µl. The control animals were 

injected with the same volume of distilled water. The day of 

first injection was taken as zero day. All the animals were 

fed. Blood was drawn from the cardinal vein with the help of 

a heparinised tuberculin syringe on days 7, 14, 28 and 42 for 

determining the plasma protein content. The plasma of 

heparinised blood was separated by centrifugation and 

plasma protein was estimated on days 7, 14, 28 and 42 by the 

method of Lowry et. al. (84) as mentioned before. 

2.6. Statistical Analysis 

In each case, all the data obtained from the experiments 

were statistically analysed. The mean data were the average 

from 10 to 15 animals. The results were expressed as mean ± 

S.E. The results were evaluated using Student’s t-test. P value 

were considered statistically significant. 

3. Results 

Effect of different doses of cupric acetate, zinc acetate, 

mercuric acetate and lead acetate on plasma protein content 

of Magur fish, Clarias batrachus L. (Fig. 2, 3). 

The total plasma protein content of control Magur fish 

ranged from 4.28 to 4.70 g per 100 ml of plasma. The plasma 

protein content declined after injection (s) of all the metals on 

different days of the treatment. 

a. Changes after cupric acetate treatment (Figure2) 

Compared to the control, different doses of cupric acetate 

(5, 10 and 20x10
-9

mole/g. single injection) significantly 

reduced the total plasma protein content to almost the same 

level on day 7. The lower dose (5x10
-9

mole/g) of cupric 
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acetate could not prolong the decrease in plasma protein 

content after day 7, and thus the plasma protein content 

almost returned to the control level on day 14. Such 

unchanged level in comparison tothe control was also noted 

on days 28 and 42. But with the medium dose (10x10
-

9
mole/g) of cupric acetate the reduced plasma protein 

content, as observed on day 7, however, increased on day 14, 

but still the level was significantly less than the control. 

Almost such reduced level of plasma protein was found on 

day 28. But on day 42, the plasma protein content was not 

different from the control with the medium dose of cupric 

acetate. The higher dose (20x10
-9

mole/g) of cupric acetate 

was found to be effective in sustaining the decreased level of 

plasma protein upto day 42. The data also showed that 

maximum decrease in plasma protein content occured on day 

7, and in sustaining the lowering of plasma protein level for a 

longer period of time (upto day 42) the higher dose was most 

effective. 

b. Changes after zinc acetate treatment (Figure 2) 

 

Figure 2. Effect of a single injection of different doses (5, 10 and 20x10-

9mole/g) of cupric acetate and of three consecutive days injections of 

different doses (5, 10 and 20x10-9mole/g) of zinc acetate on total plasma 

protein content of Magur fish, Clarias batrachus L. The fishes were fed 

during the experimental period, Blood was drawn on days 7, 14, 28 and 42 

after injection(s). Each mean value was the average from 15 animals. 

In comparison to the control, all doses of zinc acetate (5, 

10 and 20x10
-9

mole/g, three consecultive days injections), 

with one exception (5x10
-9

mole/g, on day 7), significantly 

decreased the plasma protein content as observed on all the 

days of investigations (days 7, 14, 28, 42). Although any 

change in plasma protein content was not found on day 7 

with the lower dose of zinc acetate (5x10
-9

mole/g), a 

reduction was found on day 14 withthis dose; thereafter the 

plasma protein level increased on day 28 and day 42, but he 

levels on day 28 and day 42 were still less than the respective 

control. With the medium dose of zinc acetate (10x10
-

9
mole/g), more reduction in plasma protein content occurred 

on day 14 in comparison to that on day 7. An increase in the 

plasma protein level was observed on days 28 and 42 in 

comparison to that on day 14 with the medium dose, but the 

plasma protein level on day 28 and day 42 were significantly 

less than the control. Also with the higher dose of zinc 

acetate (20x10
-9

mole/g) more decrease in plasma protein 

level took place on day 14 in comparison to that on day 7. 

Although an increase in plasma protein content occurred on 

day 28 and day 42 in comparison to that on day 14, the 

plasma protein levels on day 28 and day 42 were much less 

than the respective control. It was also evident from the data 

that the higher dose of zinc acetate exerted more marked 

effect on the plasma protein level than the lower or medium 

dose. This was particularly found on day 7. 

c. Changes after mercuric acetate treatment (Figure3) 

Marcuric acetate exerted comparatively less effect on the 

plasma protein level than cupric acetate and lead acetate. 

This was supported by the fact that the lower and medium 

doses (5 and 10x10
-9

mole/g, single injection) of mercuric 

acetate failed to cause any change in plasma protein content 

in comparison to the control. But the higher dose of mercuric 

acetate (20x10
-9

mole/g, single injection) decreased the 

plasma protein content on day 7. Further reduction in plasma 

protein level was found on day 14. Although there was 

enhancement of plasma protein levelon day 28 and day 42, 

the plasma protein levels on these days were to be less than 

the control. Thus it was evident that the decreased plasma 

protein level with the higher dose of mercuric acetate 

sustained upto day 42. 

d. Changes after lead acetate treatment (Figure 3) 

 

Figure 3. Effect of a single injection of different doses (5, 10 and 20x10-

9mole/g) of mercuric acetate and of three consecutive days injections of 

different doses (25, 50 and 75x10-9mole/g) of lead acetate on total plasma 

protein content of Magur fish, Clarias batrachus L. The fishes were fed 

during the experimental period. Blood was drawn on days 7, 14, 28 and 42 

after injection(s). Each mean value was the average form 15 animals. 
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It was revealed also that lead acetate affected the plasma 

protein content and thereby significantly decreased the level 

which continued upto day 42. This metal too had deleterious 

effect on the formation of plasma proteins and thus upsetting 

the maintainance of normal plasma protein level. All the 

doses of lead acetate used (25, 50 and 75x10
-9

mole/g, three 

consecutive days injections) decreased the plasma protein 

content on days 7, 14, 28 and 42, except in case of lower 

dose (25x10
-9

mole/g) which failed to cause any change on 

day 7. The data also showed that with the advancement of the 

days of investigation the decreased level of plasma protein 

became more and more marked particularly with the medium 

and higher doses (50 and 75x10
-9

mole/g). It was apparent 

also that the higher dose of lead acetate exerted maximum 

effect and such greater influence was evident on all days of 

investigations (day 7 to day 42). 

It might, therefore, be concluded that zinc acetate appeared 

to be the most powerful agent in altering (decrease) the 

plasma protein content of Magur fish. Then came cupric 

acetate in the second rank as a plasma protein-reducing 

agent, followed by lead acetate in the third rank, and 

mercuric acetate only at the higher dose occupied the fourth 

place for affecting the plasma protein content of fish. 

4. Discussion 

It is generally accepted that metal accumulation in tissues 

of aquatic animals is dependent upon the exposure, 

concentration and period as well as some other factors, such 

as salinity, temperature, interacting agents and metabolic 

activities of tissue concerned. According to the physiological 

mechanism transport of metals into the intra cellular 

compartment may be facilitated by either diffusion of the 

metal across the cell membrane or by active transport by a 

carrier protein. 

Some selectivity or specificity in the effectiveness of 

different metal salts was also evident from the other 

physiological parameters investigated. It was observed that 

plasma protein of Magur fish was significantly reduced by 

cupric acetate, zinc acetate, mercuric acetate and lead acetate. 

But it is to be pointed out that zinc acetate was the most 

effective substance followed by cupric acetate, lead acetate and 

mercuric acetate in order of the extent of the change (decrease) 

in plasma protein content. The last named compound 

decreased the plasma protein content only with the higher 

effective dose, while the other three metal salts reduced the 

plasma protein content with lower, medium and higher 

effective doses. These results with respect to the decrease in 

plasma protein content reflect a significant deleterious 

influence of these substances on the liver which is supported to 

be the key organ in metabolism and the site of the synthesis of 

various kinds of proteins including plasma proteins. Thus it 

may be suggested that the synthesis of plasma proteins in liver 

was adversely affected by these metal salts. On the other hand, 

it was observed that changes in blood picture concerning the 

reduction in RBC count and Hb content are ample indications 

of the influence of these metal salts on the haemopoietic 

organ(s), particularly kidney. It seems, therefore, that these 

substances adversely affect the metabolic functions of kidney 

and liver by their impact on the organs of fishes leading to 

deterioration of health.So, it is clearly indicated that as 

environmental stressors heavy metals are known to alter the 

biochemical parameters of serum of plasma suggesting the 

biochemical indices could be used as important and sensitive 

biomarkers in ecotoxicological studies concerning the effects 

of metal contamination and fish health [82]. 

It could be generally suggested that the decrease in plasma 

protein content might be due to some physiological hazards in 

protein metabolism and some cellular disturbances in an 

important metabolic organ liver and anhemopoietic organ, 

kidney in our experimental fishes. In our investigations, the 

following causes may be responsible for the above findings – 

due to heavy metal induced pathological processes including 

plasma dissolution, renal damage and protein elimination in 

the urine, decrease in liver proteinsynthesis, alteration in 

hepatic blood flow and / or hemorrhage into the 

peritonealcavity and intestine [85]. They have observed that 

the low level of total protein in plasma, muscle and liver of 

Cyprinus carpio reflects the capacity of protein synthesis and 

denotes the osmolarity of the blood and liver impairments (a 

valuable indicator in the diagnosis of toxicity in fish) because 

enzymes are necessary for normal cellular metabolism 

including that of the liver and the degenerative changes due to 

the combined metal toxicity exhibited in the liver alter the 

level of a number of its enzymes. As the protein synthesis is 

related to RNA and ribosome, so Muhammad et. al., 2006[86] 

has reported that RNA / DNA ratio could be due to decrease in 

ribosomal activity and heavy metals have an inhibitory effect 

on protein biosynthesis via the effect on RNA and ribosomal 

activity [87] Genetic information flows from DNA to RNA to 

protein. This sequence shows that DNA directs the synthesis of 

RNA which in turn directs protein synthesis. This is the basic 

information pathway. So it can be stated that DNA act as 

signalling factor for the protein synthesis through RNA. If the 

function of DNA is altered by affecting heavy metal 

interactions between them, the protein synthesis would be 

impaired. It has been reported that metal can damage DNA in 

fish in contaminated aquatic medium involving cell damage 

and functional disturbances [1, 88, 89]. 

The information that emerge from various reports from 

other laboratories are to some extent in conformity with the 

results obtained from our experiments. It has been reported 

that the resulting conformational distortion of the polypeptide 

chains accounts by lead, zinc, mercury etc.Forinhibition of 

many enzyme system [90, 91] as well as in fish also exposure 

of red blood cells to increased concentrations (0.05-0.3 

mmol/l) of copper and mercury can initiate structural changes 

and can also induce conformational alteration of internal 

peptides and proteins[99, 100].These enzymes are essential 

for particular protein synthesis. Some authors suggest an 

inhibitory effect of lead on globin synthesis at the 

translational level [92]. Methylmercury, inorganic 

mercury,zinc, chromium,lead and cadmium can exert 

inhibitory effect on protein synthesis in mouse glioma and 
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rabbit plasma reticulocytes and also in fish [49, 65, 70, 79, 

87, 94-96]. Haider, 1977 [76] has reported that serum 

proteins are changed after administration of lead acetate, 

cadmium chloride and cupric sulphate in rainbow trout. 

Lowering of total serum or plasma proteins are also found 

with prolonged administration of nickel, cadmium etc to 

rabbit and carp fish (97, 98). Metals are also known to be 

involved in affecting protein molecules by interactions 

between them. Several metal ions like lead, zinccopper, 

cadmium, nickel, mercury etc. can interact with protein 

molecule, from ligands by binding with -SH, -NH2, -COOH 

groups, etc., and precipitate the protein as metal-protein 

complexes in mammals, fish and other animals [35, 83. 99-

102]. It has been reported that mercury vapors exposure to 

workers increase the prevalence of subjects with excessive 

excretion of albumin, orosomucoid and immunoglobulin 

[77]. They have also reported that cadmium causes excretion 

of a greater amount of high mol. wt. proteins. Among the 

toxic effects of the four heavy metals, from our above 

findings it was clear that the maximum deduction in plasma 

protein content occurred in zinc acetate treated fish. 

It is evident from the results that exposure of fish to this 

pollutants decreased the protein content in plasma. It can be 

concluded that the protein content and the fish quality are 

markedly affected by water pollution. Also, the heavy metal 

overload of such fish can cause severe health problems in 

man specially in liver and kidney. 

5. Conclusion 

The toxicity of metals salts to aquatic animals is modified 

by several environmental factors, particularly their hardness 

of the dilution of water, dissolved oxygen concentration and 

temperature. The resistance of aquatic animals to the metal 

poisoning varies with species. Metal distribution in various 

organs is also time-related. Accumulation of metals in the 

organs of fish is a function of uptake and elimination rates 

and metal concentrations in various organs may change 

during and after exposure, according to various patterns. In 

fish, concentrations of most metals are usually inversely 

related to the age and size. Various species of fish from the 

same water body may accumulate different amounts of 

metals. Interspecies differences in metal accumulation may 

be related to living and feeding habits. 

Fish are the major part of human diet and it is not surprising 

that numerous studies have been carried out on metal 

accumulation in different species. Fish also have been popular 

targets of heavy metal monitoring programmes in marine 

environments because sampling, sample preparation and 

chemical analysis are usually simpler, more rapid and less 

expensive than alternative choices such as water and sediment. 

Metals can be taken up by fish from water, food, sediment and 

suspended particulate material. In recent years, such attention 

has been directed to the concentration of some inorganic 

elements in marine fish and other aquatic organisms. The 

commercial and edible species have been investigated in 

order to check for those hazards to human health [55]. 

Due to deleterious effects of metals on aquatic ecosystems, 

it is necessary to monitor their bioaccumulation in key 

species because this will give an indication of the temporal 

and spatial extent of the process, as well as assessment of the 

potential impact on organism health. 

The world Environment Day theme for 2003 was water. 

This theme had been chosen to support the United Nations 

International year of Fresh Water. 

Human intervention plays a role in the occurrence and 

severity of naturaldisasters such as water and soil pollution. 

According to the United State Agency for International 

Development (USAID); an estimated 250,000 children in 

Pakistan die each year due to waterborne diseases. Infections 

from water including cholera, typhoid and dysentery, burden 

the public health system, with government reports stating 40 

percent of hospital beds annually are taken up by people 

suffering from such diseases [96, 103]. 

Fish are considered as an important source of high quality 

animal protein as they contain large amount of essential 

amino acids. Humans need fish for their greater quality of 

life and protection from some diseases but humans now have 

a strong influence on almost every major aquatic ecosystem 

and their activities dramatically altered the quality of 

receiving waters worldwide. 

It is now our greater responsibility to reduce future release 

of maximum extent of heavy metals in order to stop water 

pollution by contamination of global aquatic ecosystem and 

to prevent deleterious effects on fish and human. 

Thus, there is continuous need to develop and apply novel 

and effective technologies to detect, manage and correct 

human induced degradation of aquatic systems. 
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