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ABSTRACT 

Copper is an essential micronutrient but its high concentration in water bodies is 

toxic to aquatic organisms. The present study was carried out to assess the effect of 

copper on the ovarian histomorpholgy of fish Cyprinion watsoni. The fish was exposed to 

constant dose of copper (O.08ppm) at different periods. Fish were taken out after 7, 14,21 

and 28 days of copper treatments and different parameters were recorded. 

Fish length, body weight, ovarian weight, ovarian length and ovarian breadth 

affected (P>O.05) after 7, 14 and 21 days of copper treatment, but after 28 days of copper 

treatment fish length, body weight, ovarian weight, ovarian length and ovarian breadth 

significantly decreased (P<O.05) in treated group. Condition factor of fish remained 

unaffected (P>O.05) after 7, 14,21 and 28 days of copper treatment. OSI of fish was not 

significantly decreased (P>O.05) after 7, 14 and 21 days of treatment but it was decreased 

significantly (P<O.05) after 28 days of copper treatment. 

In treated group after 7 days, follicle numbers of stage I, II, III, IV and V were not 

affected (P>O.05) but numbers of atretic follicles were significantly increased (P<O.05). 

Follicle numbers of stage I and II were not affected (P>O.05) but numbers of follicular 

stage III, IV, V and atretic fo llicles were significantly affected (P<O.05) after 14 days of 

copper treatment. Except follicular stage I, number of all follicular stages (II, III, IV, V 

and atretic follicles) were significantly affected (P<O.Ol) after 21 days of copper 

treatment. After 28 days of treatment number of all follicular stage (I, II, IILlV, V and 

atretic follicle) were significantly affected (P<O.Ol). 

Follicular diameter of stage III was significantly decreased (P<O.05) after 7 days 

of treatment. But after 14 days of copper treatment follicular diameter of all stages (1, II, 

III and V) except stage I were significantly decreased (P<O.05). Effect of copper was very 

drastic (P<O.OOl) on follicular diameter of all stages (I, II, III, IV and V) after 21 and 28 

days of treatment. 
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Nuclear diameter of follicular stage I and IV were significantly decreased 

(P<O.05) after 7 days of treatment, while after 14 days of copper treatment nuclear 

diameter of all stages (I, II, III and IV) except stage V was significantly decreased 

(P<O.OOl). Nuclear diameter of all follicular stages was significantly decreased (P<O.Ol) 

after 21 and 28 days of copper treatment. Nucleoli number of follicular stages (II, III and 

IV) was significantly decreased (P<O.Ol) after 7 days of treatment. After 14 days of 

treatment nucleoli number of Follicular stages III, IV and V were significantly decreased 

(P<O.OOl). After 21 days of copper treatment nucleoli numbers of all follicular stages 

were significantly decreased (P<O.05). After 28 days of copper treatment nucleoli 

numbers of stages (I, II III and IV) except Stage V were significantly decreased 

(P<O.OOl). 

As far as ovarian histology is concerned disintegration of developing granulosa, 

disintegration of nuclear membrane, increased atresia of yolked and non yolked follicles 

(stage III and stage IV follicles) was observed after 7, 14, 21 and 28 days of treatment, In 

stage IV and V very interesting and unique abnormalities, clumping of yolk globules, 

absence of non staining yolk vacuoles and is replaced by thick condensed striations of 

yolk material, separation of fo llicular layer from inner yolk material, decline in thickness 

of zona radiata and conversion of striations of zona radiata into black striations were 

noticed after 28 days of treatment. 
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INTRODUCTION 

Water is the most abundant of all compounds on earth, and is essential for 

the continued existence of life on this planet. It covers approximately 71 % of the 

planet and is present in all living matter, at times comprising as much as 90% of the 

body's tissues. Of all available water on earth, only 0.25% can be classified as 

surface water. Over the years there has been an increased interest in the effects of 

human habitation and industrialization on water resources. With the earth's 

population increasing steadily every year, more pressures are being placed on this 

precious resource (Davis and Day, 1998). 

Water, which in its three states has played and still plays an important role 

on the earth, is an element upon which all creatures that breed in it rely heavily for 

support. Water has static physical properties such as its specific heat, density and 

transparency, chemical properties such as its solubility and stability and dynamic 

characteristics, such as the lantic facies of still waters and lotic facies of flowing 

waters (Jacques, 1999) 

Inland waters have a particular fascination for us. The expenses of lake water 

surrounded by the hills and unique habitat of corridors, through which stream and 

rivers flow towards the sea, evoke a sense of timeless and feeling of contentment. 

Although lakes (0.33%) and rivers (0.04%) contain only a very small proportion of 

earth's fresh water, they have played an important part in the development of our 

civilization. They provide necessary supply of drinking water, so that settlement 

develops along their banks. The fish is harvested for food but now the aquatic 

environment is showing signs, which are unwelcome by the aquatic organisms 

including fish. These signs are mostly the result of discharging of chemicals and 

wastes (Lolyd, 1992). 

Freshwater ecosystems exhibit a high natural variability in their physical and 

chemical properties due to local differences in geology and climate. They are 

therefore more susceptible to anthropogenic influences than the more consistent and 

stable marine environments (Rainbow & Dallinger, 1993). Consequently, both the 
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quality and quantity of water are affected by an increase in anthropogenic activity. 

Any pollution, either physical or chemical, cause changes to the quality of the 

receiving waters. These changes may include increased dissolved nutrients which 

may result in eutrophication, changes in stream temperatures and bottom 

characteristics which lead to habitat destruction and alteration of species diversity, 

and the addition of toxic substances which can have either acute or chronic effects 

on aquatic organisms (Sanders, 1997). 

Fish occupy a significant position in the socio-economic fabric of south 

Asian countries by providing the populations not only the nutritious food but also 

income and employment opportunities of the 21,723 fish species known to science, 

over 40 % live in the fresh waters and majority of them live in tropics between 

latitude 23 °5 Nand 23 °5 S. Nowhere in the world is a geographic region so blessed 

as Indian subcontinent (India, Nepal, Burma, Sri Lanka and Bangladesh) in respect 

of the diversity of fish wild life that dwells the inland waters (Tal war and Jhingran, 

1992). 

Cyprinion watsoni belongs to cyprinide group found in the streams in hilly 

areas of Northern Pakistan and extends up to Afghanistan, Iran, some parts of Syria 

and eastern corner of Arabian Peninsula (Jaya Ram, 1981). 

This is a small (maximum size 12 cm) cyprinid fish, which is commonly 

found in the hilly stream of Islamabad (33.3 N, 73 .0 E). Where the surface water 

temperature ranges between 14°C in the coldest month and 29°C in the warmest 

months. The reproductive cycle of this species comprises of a spawning season 

between March and May (Spring to early Summer) followed by post spawning 

period extending between June and August. This is followed by a quiescent period 

lasting from September to November. Gonadal recrudescence begins in December 

(preparatory period) when the gonads show first signs of proliferative activity. The 

fish enter a pre-spawning phase during January to March when gametogenic 

progress becomes pronounced and the fish ultimately reach the final stage of 

preparedness to start spawning in March/April and May/June (Shaikh and Jalali, 

1986). 
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The ovaries of many adults' teleosts are paired, although fusion of ovarian 

tissues occurs in some species (Franchi, 1962). Many teleosts ovaries are of the 

cytovarian type (v aIming, 1972) and consist of a cortex derived from epithelial 

elements; no medullary tissue is present (Barr, 1965). The ovary has a central cavity 

lined by germinal (Ovarian folds) transverse the ovarian tissue and projects to this 

cavity; these lamellae are lined by germinal epithelium and contain "cell nests" of 

oogonia. Ovarian follicles developed along the lamellae, and oocytes are ovulated 

into the ovarian cavity. Externally, many teleosts ovaries are covered by a muscular 

sac (V aiming, 1972). 

In many single brooded species with a short breeding season, synclu'onous 

development of a crop of vitello genic follicles occur, and these follicles are 

accompanied by synchronously developing crops (one or more) of small pre

vitellogenic follicles (V aiming, 1972). Most studies of teleosts ovaries deal with 

species sowing synchronous development of a crop of vitellogenic follicles from a 

synclu'onously developing crop of previtellogenic follicles. This recruitment occurs 

once a year, few times a year or continuously. In these species, pre-vitello genic 

follicles are produced from germinal tissue and serve as a pool from which 

vitellogenic follicles are derived. Atresia of growing follicles is common; thus the 

larger the size of follicles, the less their number. In some species, Clarias batrachus 

the smaller follicles may be of two size classes (Lehri, 1968). 

Toxicity is the study of poisons. It includes identification of poisons, their 

chemical properties and their biological effects as well as the treatment of the 

disease condition that they cause. Toxicologists deal with many different chemicals, 

feed additives, environmental contaminants, heavy metals and natural toxins of 

plants and animal origin which may adversely affect the health of animal (Gary, 

1996). 

Within the last three decades studies in fish biology and ecology have made 

rapid advances. In recent years, a growing social demand has lead to an increase in 

studies on pollution in its various forms and on its impact on aquatic ecosystem. 

Interrelations between fish and its environment are so complex that answers are 

seldom unequivocal and it becomes necessary to organize regular contacts between 
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specialists in various fields. Apart from its commercial or heritage value, "fish" is 

also at the heart of issue because it is very sensitive to environmental factors and 

because of its high biodiversity level. Fish is a valuable bio-indicator when 

describing habitats and monitoring changes within them (Pumet et ai, 1988). 

Water pollution has focused the attention of both the scientific community 

and the public on environmental problems. Not only does water pollution affect the 

health and welfare of people and organisms, but it also damages vegetation (Sehgal 

and Saxena, 1986). Amongst the pollutants contaminating water bodies, metals play 

an important role (Witeska et al., 1995). According to Mason (1991), the toxic 

pollutants known to man, metals arising from industrial processes and some 

agricultural applications (Lead, Copper, Nickel and Zinc). The random discharge of 

various wastes, pollute most ecosystems and affect survival and physiological 

activities of organisms in these systems (James et al., 1998). In natural waters, metal 

ions occur as free aqueous ions, complexes with organic/inorganic ligands or sorbed 

onto the surfaces of particles (Brezonik et al. , 1991), and most metals are taken up 

in the ionic form (Kotze et aI., 1999). Free metal ions cause more serious damaging 

effects on aquatic organisms than their more complex forms (James e/ aI., 1998). 

The duration of exposure of a specific concentration of toxin can influence whether 

it will kill an aquatic organism (Skidmore, 1964). 

The health of fish may be affected, either directly through uptake from the 

water, or indirectly through their diet of vegetation, invertebrates or smaller fish 

(Kime et aI., 1996). Metals released into aquatic ecosystems, are responsible for 

several fish physiology ilTegularities (Sehgal and Saxena, 1986). They can also 

disturb the ionoregulatory mechanism in aquatic organisms (Hansen et aI. , 1996). 

All of these effects of heavy metals usually affect fish negatively leading to stress 

and eventually, in most cases, death. 

Heavy metals are continuously released into the aquatic enviromnent from 

natural resources such as volcanic activity or weathering of rocks. Moreover, 

industrial processes and some agricultural uses (e.g. CUS04 is used to control 

aquatic vegetation) have greatly increased the mobilization of many metals in fresh 

water (Dunnick and Fowler, 1988). Therefore, in recent years concern has increased 
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over heavy metal pollution. Heavy metals include both essential elements (Mn ++, 

Zn++, Cu++ etc) and metals with no known biological functions such as Cd++, Hg++' 

Ag ++ and Sn ++ . These metals are potentially harmful to most of the organisms at 

some level of exposure and absorption. Some aquatic species can regulate the body 

level of essential metals such as copper and zinc at constant levels but the regulation 

is mainly achieved by the rate of metal excretion being increased to match the rate 

of the metal uptake. However the body concentrations of nonessential metals such 

as cadmium and mercury are not regulated and it is accumulated in proportion to 

dissolved cadmium concentrations (Rainbow and White, 1989; Amiard et aI, 1987; 

Cuvin-Aralar, 1994). It is also known that final body concentrations of a metal are 

dependent on accumulation strategy of the species for that metal (Rainbow and 

White, 1990). Aquatic organisms have been widely used to assess environmental 

pollution because of their ecological and economic importance and their 

morphological, physiological and ecological diversity in aquatic habitats (Williams 

and Dusenbery, 1990). Many studies have been carried out on the effect of 

environmental pollutants on various aquatic organisms, and on biological 

assessment of water quality using certain indicator organisms (Sheedy et aI, 1991). 

Most of toxicity tests have been concerned with measure of acute lethality. The 

results are expressed as a concentration or dose of toxicant at which a specific 

percentage (e.g. LCso) of the test organism are ki lled over a standard period of time 

(e.g. 24,48, 72 or 96 hours) (Mason, 1991 ; Green et aI, 1988; Migliore and Giudici, 

1990; Handy, 1994). 

Heavy metals induce changes in histology, metabolism, biochemistry, and 

physiology; inhibit synthesis of proteins and nucleic acids (Choz, 1983; Mur and 

Ramamurti, 1987; Diuga and Penni, 1989; wicklund et aI, 1992; Wilson and Taylor, 

1993). Heavy metals are known to induce genetic alterations and teratogenesis 

(Weis and Weis, 1977; Birge et aI, 1983; Dawson et aI, 1988; Alsabti, 1994; 

De Young et aI, 1996; Poongothai et aI, 1996). It is known from field and laboratory 

studies that fish reproduction is one of the most sensitive target sites to heavy metals 

and other aquatic contaminants (Bilard et aI, 1981 ; Donaldson and Scherer, 1983; 

Donaldson, 1990; Tracy et aI, 1992). 
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Reproductive toxicity is defined as adverse effect on male and female 

reproductive system that results from exposure to chemical substances. 

Reproductive toxicity may be expressed as alteration in sexual behavior, decrease in 

fertility or loss of fetus during pregnancy. A reproductive toxicant may interfere 

with sexual functioning or reproductive ability if exposed individuals from puberty 

throughout adulthood. rv ose etal. 2000) . 

Such toxicants may affect virtually all phases of reproduction, including 

embryonic development, egg hatchability, growth and survival of alevins and 

juveniles. The effect of heavy metals and other chemicals on fish reproduction can 

be segregated according to a specific action on the ontogenetic stage (Eaton et al. , 

1987). Copper is an essential trace element to plants, animals and even humans 

(DWAF, 1996). It is in fact a required element for all living organisms, and 

although the absolute concentration of copper is usually low in nature, it occurs in 

adequate quantities for growth in all aquatic environments (Steemann Nielsen et al. , 

1970). In animals, copper is important for bone formation, maintenance of myelin 

within the nervous system, synthesis of haemoglobin, a component of key metallo 

enzymes, plus it forms an important part of cytochrome oxidase and assorted other 

enzymes involved in redox reactions in cells (Sorensen, 1991; Dallas and Day, 

1993). It is essential for cellular metabolism, where its concentration is well 

regulated (Pelgrom et al., 1995a) but becomes toxic at elevated levels. The liver is 

an important storage organ of copper in mammals and most fish (Pelgrom et al. , 

1995b). Copper compounds are used for prophylactic purposes to control fish 

diseases and parasites (Moore et al. , 1984). Copper compounds are also used to 

control algae, kill slugs and snails in irrigation water systems and municipal water 

treatment systems. The United States Environmental Protection Agency 

(U.S.E.P.A.) classifies copper sulphate as a pesticide. Although copper is important, 

it is toxic when concentrations exceed that of natural concentrations «O.OSmollL) 

(Stouthart et al. , 1996). At concentrations even found in natural waters, the ionic 

form of copper is very poisonous towards photosynthesis and growth of unicellular 

algae (SteemaIm Nielsen et al. , 1970). Copper is one of the world's most widely 

used metals (DW AF, 1996), with the electrical industry probably making use of it 
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the most. It reaches aquatic systems through anthropogenic sources such as 

industrial , mining, plating operations, usage of copper salts to control aquatic 

vegetation or influxes of copper containing fertilizers (Nussey, 1998). Copper 

concentrations in locations receiving anthropogenic inputs such as mine tailing 

discharges can vary anywhere from natural background to 100 j..lg/L (Hem 1989; 

Lopez and Lee 1977) and have in some cases been reported in the 200,000 j..lg/L 

range in mining areas (Robins et al. 1997). Mining, leather and leather products, 

fabricated metal products, and electric equipment are a few of the industries with 

copper-bearing discharges that contribute to anthropogenic inputs of copper to 

surface waters (Patterson et al. 1998). Copper, a common toxin in water, has an 

unclear mode of action on aquatic organisms, but toxicity is largely attributable to 

Cu2+ (ElF AC, 1978), that forms complexes with other ions (Nussey, 1998). 

Changes in the amount of free Cu2+ in solution will affect the amount of copper 

that is bioavailability and hence its toxicity (Welsh et at., 1993). A reduction in 

water dissolved oxygen, hardness, temperature, pH, and chelating agents can 

increase the toxicity Cu2+ (Nussey, 1998). Organic and inorganic substances can 

easily complex the cupric form of copper, which is the most common speciation of 

this metal, and it's then adsorbed on to particulate matter. Therefore, the free ion is 

rarely found except in pure acidic soft water (ElF AC, 1978). The chemical 

speciation of copper strongly depends on the pH of water (Stouthart et at., 1996). 

Copper, in water, precipitates at high pH (alkaline) and is thus not toxic, whilst at 

low pH (acidic) it is mobile, soluble and toxic (Nussey, 1998). The main difference 

in copper toxicity between mammals and fish concerns environmental uptake, 

occurring almost exclusively through the gills in fish. This organ is the principal site 

of toxic insult and important in the start of compensatory responses (Pelgrom et aI., 

1995b). 

Effects of copper on fish 

In polluted water copper is often present with other heavy metals. Toxic 

effect of copper on fish is also influenced by the chemical nature of water, such as 

calcium hardness (Tabata, 1969; Albaster and Lloyd, 1982), temperature and pH 

(Laws, 1981). Copper can affect life of fish when copper sulphate is used as algicide 
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and molluscicide in fish ponds (Lloyd, 1992). Shah et af. (1995) have shown the 

effect of copper sulphate on feeding activity of fish has also been demonstrated. 

Copper's toxic effects in fish include; changes in biochemistry, anatomy, 

physiology, histology and behaviour. The lowest treatment of copper (0.03 mg/L) 

caused little change in fish behavior, which may be the avoidance behavior of 

animals to pollutants in the receiving water. A significant response to 0.06 mg CulL 

was noted: the swimming activity and breathing rate of the fish increased. In the 

highest treatment (0.12 mg CulL) fish became lethargic and lost equilibrium. The 

lowest treatment of copper (0.03 mg/L) did not cause any significant change in fish 

behavior and the highest treatments (0.12 mg CulL) caused lethargic conditions and 

loss of equilibrium in exposed animals (Shah, 2002). 

Observations on rainbow trout also exposed to zinc pointed to vertebral 

damage, but no histological evidence was presented (Bengtsson, 1974b). According 

to Lewis and Lewis (1971) damage to the gill and head area of fish, could probably 

cause mucous to accumulate on the gill area. This could then lead to respiratory 

problems, which in turn affects the fish even more negatively resulting in stress and 

eventually death. A decrease in heart rate (bradycardia), ventilation increases and 

anaemia may occur, whilst the locomotors activity increases, although glycogen 

content of liver and muscle is reduced (Heath, 1987). Copper exposures cause 

reduced growth, often with impacts to specific growth rates most evident during 

initial exposure times (Marr et af., 1996). It also interferes with bronchial ion 

transport and affects various blood parameters such as plasma ion concentrations, 

hematological parameters, and enzyme activities in blood and liver (Stagg and 

Shuttleworth, 1982). It may also cause immunosuppression, vertebral deformities 

and neurological disorders (Stouthart et af. , 1996). 

The toxicological aspects of the metallic contamination of aquatic 

environment in relation to its icthyofauna have been well documented. It has been 

shown that the sublethal concentrations of heavy metals that do not affect the 

survival and growth of fish over a given period are capable of impairing 

reproduction (Brungs, 1969; Sephar, 1976). However very little information is 
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available regarding the effects of metallic pollutants on the gonads of fish (Gardner 

and Yevich, 1970; Tafanelli and Summerfelt, 1975). 

Copper has been shown to affect swimming performance growth, and 

reproductive success in a variety of teleosts (Stagg and Shuttleworth, 1982). Handy et 

al. (1999) noted that copper affected routine swimming activity of rainbow trout. It is 

possible that locomotors activity of contaminated fish was reduced as a type of 

metabolic 'sparing effect' to enable copper detoxification without associated feeding 

efficiency and growth rate parameter reductions. 

Copper adversely affects fry survival, fry growth and reproduction of blunt 

nose minnows, Pimephales notatus, according to Horning and Neiheisel (1979). They 

found that the size of adult fish was affected negatively at higher concentrations, with 

lower concentrations resulting in increased size. The copper was also found to affect 

sexual maturation in males with effects such as immaturity and a reduction in 

spermatozoa in the testes, with mature males full of motile sperm. Eggs present in 

females were either poorly developed, or in the process of being resorbed in exposure 

ranges of 0.018 to 0.119 mg/L. Copper (Cu) interfered with spermatogenesis 

temporarily. Copper induced significant atresia in the ovary. Copper was more 

effective on relatively older oocyte (Kumar and Pant, 1984). 

Mount (1968) discovered that copper also delayed sexual development and 

growth in the fathead minnow P. promelas. Marr et al. (1996) observed significant 

accumulation of copper in rainbow trout fry, and this accumulation was both dose

and time-dependent. 

Main objective of the present study was to investigate the potential effects of 

exposure to heavy metal copper on several reproductive parameters with the ovary 

considered as the most probable target organ of fish (Cyprinion watsoni) , keeping in 

view the follicular development at various stages, follicle numbers, atresia, 

gonadosomatic index (GSI), and condition factor (K). 
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MATERIAL AND METHOD 

Collection of Fish specimens: 

Live specimens of Cyprinion watsoni were collected with cast nets from 

Ramly stream in the start of July 2004. The size of fish used for present study ranged 

from 6-9 cm. The fish were transported to the experimental fish laboratory of 

Department of Biological Sciences, Quaid-i-Azam University Islamabad and kept in 

stocking glass aquaria total capacity 90 litres containing 70 litres of water. They were 

allowed to acclimate to the ambient environmental conditions for at least two weeks 

prior to the start of experiment. 

The fish were fed daily on tropical fish food and were maintained in a 

photoperiod of 12 light and 12 dark using fluorescent tube light and automatic timer 

clock placed 10 inches above the water surface. The water was changed after alternate 

day. Experiment was performed at room temperature. 

Preparation of copper solution, route of administration and dose: 

The desired concentrations of copper were achieved using copper sulphate 

(CUS04. SH20). The copper sulphate for research purpose was taken from store of 

Department of Biological sciences, Quaid-i-Azam University Islamabad. 0.08ppm 

(parts per million) concentration of copper was selected. Copper solution was 

administrated through water of aquaria by dissolving calculated amount of the 

solution in the water of aquaria .Two aquaria were administrated with O.08ppm 

copper and other two aquaria were controlled. 

Experimental Design: 

Before the start of experiment, placing them in Petri dish containing ice flakes 

stunned the fish. The fish lengths were then measured from the tip of the snout to the 

tail with the help of vernier caliper. The fish were than weighed on Metter, s balance 

to the nearest mg were grouped in different experimental aquaria. Before treatment, 

the fish having length 6-9 cm were divided into four groups (n=24 each). Two groups 

were maintained in separate glass aquaria as a control group (n=48) and two groups 

were maintained in separate glass aquaria as treated group (n=48). The desired 
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concentrations of copper were achieved using copper sulphate (CUS04. 5H20). The 

aquaria were cleaned and the test concentration restored after every alternate day. 

Length of experiment was 28 days. 

Dissection: 

After 7 days of copper treatment, fish were stunned by ice flakes, body weight 

were measured to nearest grams, body length in centimeters. Ovaries of fish were also 

dissected out, weighed to nearest mg and their length and breadth in (cm) was 

measured. Left ovary was frozen immediately at _20
0 

C, while the right ovary was 

immersed in fixative sera. Same process was repeated after 14, 21 and 28 days of 

treatment respectively. 

In the present study following parameters were studies. 

~ Gonadosomatic index (GSI) 

~ Condition factor (K) 

~ Number of developing follicles. 

~ Follicular diameter of developing oocyte. 

~ Nuclear diameter of developing oocyte. 

~ Number of nucleoli in the developing oocyte. 

~ Number of atretic follicles 

Histology and Cytometry: 

Two stains were used in staining slides Hematoxylin and Eosin, the procedure 

to prepare these stains as follows: 

Ehrlich's Alum Hematoxylin: 

Hematoxylin 

Ethanol 95% 

Potassium Alum 

Distilled water 

Glycerol 

Glacial Acetic Acid 

6g 

300 ml 

50 g (excess) 

300 ml 

300 ml 

30 ml 

dye 

solvent 

mordant 

solvent 

stabilizer 

acidifier 
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Procedure: 

Hematoxylin was dissolved in ethanol and mixed with acetic acid. Alum was 

dissolved in water and mixed with glycerol in an oversized container. Hematoxylin 

solution was added to alum solution. Container was plugged loosely with cotton 

wool. Then ripened it by leaving in a warm, sunlit place for several weeks. When 

sufficiently ripened, stored it in a cool, dark place. The solution is stable for years. 

The solution may be chemically ripened by adding 0.5g sodium iodate, but 

chemically ripened solutions are inferior in longevity. 

Eosin Preparation: 

Ethanol 70% 

Eosin 

100 ml 

19 

Take 100 ml of ethanol (90%) and add 19 Eosin dye in it and mix thoroughly 

and than use to stain the slides. The process followed during histology is mentioned 

below. The ovaries fixed in fixative sera for 4-5 hours before further processing. The 

composition of sera is: 

Absolute Alcohol = 60 ml 

Formaldehyde =30 ml 

Glacial acetic Acid =10 ml 

After fixation ovaries were dehydrated in ascending grades of alcohol in a fo llowing 

manner. 

80% 

90% 

100 % 

over night 

for 2 hours 

for 5 hours 

The ovaries were then transferred to cedar wood oil and left in it until they 

became transparent. The ovaries were embedded in paraplast by the following 

method. 

Benzol I 

Benzol II 

Benzol +Paraplast 

10 minutes (At room temperature) 

= 10 minutes (At room temperature) 

= 20 minutes at 60 0 C 
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Paraplast I 

Paraplast II 

Paraplast III 

12 hours at 60 DC 

12 hours at 60 DC 

12 hours at 60 DC 

After this process ovaries were ready to make blocks. The sections were cut 

out of paraffin block at the thickness of 6/lm by using Reichert Microtome. Sections 

were affixed to pre cleaned albumenized glass slides and stretched at 60 DC on Fisher 

slide warmer and then transfered to paraffin oven for 12 hours for complete 

deparafinizing. The slides were then transferred to xylene for half an hour to remove 

any remaining wax. The slides were then dehydrated in the descending grades of 

alcohol, washed in tap water and stained in haematoxylin and dehydrated in the 

ascending grades and counter stained with eosin. The slides were hydrated, 

dehydrated in the following way: 

Xylene I 15 minutes 

Xylene II 15 minutes 

100 % alcohol 

90 % Alcohol 

70 % Alcohol 

50 % Alcohol 

30 % Alcohol 

Tap water 

Hematoxylin 

Tap water 

30 % Alcohol 

50 %Alcohol 

70% Alcohol 

90 % Alcohol 

Eosin 

90% Alcohol 

100 %Alcohol= 

Xylene 

= 

= 

= 

2-5 minutes 

2-5 minutes 

2-5 minutes 

2-5 minutes 

2-5 minutes 

2-3 dips 

2-3 dips 

10 minutes 

2-5 minutes 

2-5 minute 

2-5 minutes 

2-5 minutes 

2-3 dips 

1 dip 

3-5 minutes 

10 minutes 
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Now the slides were mounted with Canada balsam. Microscopic examination 

of slides was carried out under a Nikon optiphot research microscope equipped with 

an automatic microphotographic system. 

Number of follicles in selected sections of each group was counted and 

categorized. Staging of developing oocyte was done. Measurement of oocyte 

diameter and nuclear diameter was made by precalibrated ocular microscope in order 

to obtain their mean size and mean nuclear diameter. The number of nucleoli in each 

category of follicles was also counted to observe the effect of copper at this level. 

Histological details and morphometric data, in combination with macroscopic 

features of the ovaries were used to determine any change caused by the toxicant in 

treated groups with reference to control group. 

Gonadosomatic Index: 

Record of body weight and ovarian weight were used to determine 
gonadosomatic index (GSI), which was calculated according to the formula 

Weight of the gonad (g) 
GSI= x 100 

Weight of the fish (g) 

Condition Factor (K): 

Condition factor was calculated according to formula. 

Body weight in (g) 
Condition Factor = 

Length (cm) 3 
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RESULTS 

Behaviour and Mortality: 

During the exposure period, behavioural changes were recorded in fish. After 

addition of copper sulphate solution the first observation was uneasiness of fish and 

they moved towards the bottom of the aquarium, moving very fast in circular motion. 

After one week, increased mucus production was observed as indicated by slimy 

surface of water in the aquarium. Occasional jumping and hitting the wall of 

aquarium also observed during experiment. Mortality was also recorded at 2ih day of 

the experiment. No change in the behaviour of control fish was observed. 

Gross morphology of ovaries: 

The ovary in Cyprinion watsoni is paired, elongated organ situated in the 

dorsal region of the coelom, ventrolateral to the swim bladder. Each ovary is 

suspended in the body cavity along its dorsal side and surrounded by a peritoneal 

membrane. The size and colour of the ovaries varies according to the development. 

The ovaries of inactive fish are thin, transparent and of grey colour, while those of 

active individual occupy most of the abdominal cavity are large, light yellow in the 

beginning and dark yellow at the peak of the breeding season. 

Effect of copper on body weight: 

Group I; Day 7: 

Body weight of control fish was 8.07±O.77 g. Body weight of fish exposed to 

copper was 8.87±O.26 g. Body weight of treated fish showed no significant difference 

(P>O.OS) as compared to control (Table. 1 and Figure.l) 

Group II; Day 14: 

Mean ± SE values of body weight in control and treated fish were given in 

Table.l and Figure.l. There was no significant difference (P>O.OS) in body weight of 

control (9.72±O.S2 g) and treated fish (9.36±0.48 g). 

Group III; Day 21: 

Body weight of control (9.38±1.29 g) and treated fish (8 .S0±1.24 g) showed 

no significant difference (P>O.OS) after 21 days of treatment. (Table. 1, Figure. I). 
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Group IV; Day 28: 

After 28 days body weight of treated fish (6.7I±1.28 g) showed significant 

decrease (P<O.OS) as compared to body weight of control fish (1I.23±O.3S g) . Mean ± 

SE values of body weight of control and treated fish are shown in Table.1 and 

Figure.I. 

Effect of copper on standard length: 

Group I; Day 7: 

When the standard body length of both control and treated fish were 

compared, there was no significant difference (P>O.OS). Standard body length of 

control and treated fish were 7.83±0.4S cm and 8.1I±O.24 cm (Table.I , Fig.l) 

respectively. 

Group II; Day 14: 

Exposure of copper to fish showed no significant difference (P>O.OS) in 

standard body length of control fish, compared to that of treated fish. Standard body 

length of control and treated fish was 7.76±OJO cm and 7.40±O.27 cm respectively. 

(Table.I.Figure.l ). 

Group II; Day 21: 

There was no significant difference (P>O.OS) in standard body length of 

control fish, which was 7.97±O.S I cm and body length of fish exposed to copper, 

which was 7.90±0.41 cm. (Table. 1, Figure. 1) 

Group II; Day 28: 

Standard body length of control fish was 8.72±O.11 cm and standard body 

length of fish exposed to copper was 7.01±0.46 cm. Standard body length of treated 

fish showed significant difference (P<O.OS) as compared to control. (Table.1 , Fig.1). 

Effect of copper on ovarian weight: 

Group I; Day 7: 

Mean ±SE values of right and left ovaries as well as total ovarian weight are 

given in Table 1 and Figure.2. When weight of right ovary (l76 .7±29.44 mg), left 
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ovary (167.3 2±32.53 mg) and total ovarian weight (344.02±61.81mg) of control fish 

were compared with weight of right (168.85±39.79 mg), left (157.35±38.65 mg) and 

total ovarian weight (326.l75±78.43 mg) of treated fish, there was no significant 

difference (P>O.05). 

Group II; Day 14: 

There was no significant difference (P>O.05) in the weight of right ovary 

(137.2±14.32 mg), left ovary (136.27±13.58 mg) and total ovarian weight of control 

fish (273.47±27.85 mg), when compared with the weight of right ovary 

(l36.72±13.18 mg), left ovary (135.6±13.l) and total ovarian weight (272.32±26.32 

mg) of fish exposed to copper. Mean ±SE values are given in Table. 1 and Figure .2 

Group III; Day 21: 

Mean ±SE values of ovarian (right, left and total) are given in Table.l and 

Figure.2. After treatment weight of right ovary (87.16±8.08 mg), left ovary 

(86.03±6.12 mg) and total ovarian weight (l73.2±14.06 mg) of control fish showed 

no significant difference (P>O.05), when compared with weight of right ovary 

(73.87±IO.28 mg), left ovary (73.27±13.27 mg) and total ovarian weight 

(l47.5±23.44 mg) offish exposed to copper. 

Group IV; Day 28: 

Total ovarian weight of control and treated fish was 498.67±87.90 and 

133.2±27.43 mg respectively (Table.l , Fig.2). There was significant difference 

(P<O.Ol) in the total ovarian weight of control compared to treated fish. Weight of 

right and left ovary (250.3±41.77 mg and 248.37±46.l5 mg respectively) of control 

fish showed significant difference (P<O.OI) as compared to weight of right ovary 

(65.25 ± 14.26 mg) and weight of left ovary (67.95±13.22 mg) of treated fish. 
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Table.I . Effect of copper (0.08 ppm) on body weight, standard body length and 
ova . . h f fi he' nan weig to IS yprmlOn watsonz. 

Groups Body Std. Body Right Ovary Left Ovary Total Ovarian 
weight (g) Length Weight (mg) Weight (mg) Weight (mg) 

(cm) 
Control. 
Day 7 8.07±0.77 7.83±0.45 176.7±29.44 167.32±32.53 344.02±61.81 
(n =5) 

Treated. 
Day 7 8.87±0.26 8.11±0.24 168.85±39.79 157.35±38.65 326.175±78.43 
(n=4) 
Control. 
Day 14 9.72±0.52 7.76±0.30 137.2±14.32 136.27±13 .5 8 273.475±27.85 
(n =4) 

Treated. 
Day14 9.36±0.48 7.40±0.27 136.72±13.18 135.6±13 .1 272.32±26.32 
(n =5) 
Control. 
Day21 9.38±1.29 7.97±0.5 1 87.16±8.08 86.033±6.12 173.2±14.068 
(n =4) 

Treated. 
Day 21 8.50±1.24 7.90±0.41 73.87±10.28 73 .27±13 .27 147.5±23 .44 
(n =3) 

Control. 
Day 28 11.23±0.35 8.72±0.11 250.3±41.77 248.37±46.15 498.67±87.90 
(n =4) 

Treated. 
Day 28 6.71±1.28* 7.01±0.46* 65.25±14.26** 67.95±13.22** 13 3. 2±2 7.4 3 * * 
(n =5) 

Mean (±SE); Student's t test *P<0.05; **P<O.OI; ***P<O.OOI vs Control 
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b. Effect of copper (0.08ppm) on standard body length (g) offish. 

Fig.l 
Effect of copper (0.08ppm) on body weight (a) and standard length (b) of fish. 
Mean ± SE, Student's t test, significantly different from control. P<0.05 (*) 
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Fig.2: 
Effect of copper (O.08ppm) on right ovarian weight (a), left ovarian weight (b) and total 
ovarian weight ( c) of fish. Mean ± SE, Student's t test, significantly different from 
control. P<O.05 (*), P<O.Ol(**) 21 



Effect of copper on ovarian length and breadth: 

Group I; Day 7: 

Length and breadth of right and left ovaries are given in Table2, Figure.3 and 

4.There was no significant difference (P>O.05) in the length and breadth of right and 

left ovaries of fish exposed to copper, compared to control fish . Lengths of right and 

left ovaries of control fish were 1.82±O.I3 cm and I .8l±O.I 3 cm respectively. While 

Length of right and left ovaries of treated fish were 1.6±O.082 cm and 1.S9±O.07 cm 

respectively. Breadths of right and left ovaries of control fish were 0.40±O.013 cm 

and 0.40±O.011 cm respectively. While breadth of right and left ovaries of treated fish 

were O.36±O.017 cm and O.36±O.02 cm respectively. 

Group II; Day 14: 

After day 14 of treatment, length of right and left ovaries of control fish was 

1.91±O.18 cm and 1.92±O.18 cm respectively. While Length of right and left ovaries 

of treated fish was 1.82±O.13 cm and 1.91±O.12 cm respectively. Breadth of right and 

left ovaries of control fish was O.39±O.009S cm and 0.40±O.0091 cm respectively. 

While breadth of right and left ovaries of treated fish was O.3S±O.026 cm and 

O.33±O.033 cm respectively (Table2, Fig.3 , 4).There was no significant difference 

(P>O.OS) in the length and breadth of ovaries of treated fish, compared to control fish. 

Group III; Day 21: 

There was no pronounced effect of copper on length and breadth of ovaries 

after 21 days of treatment. Length of right and left ovaries (1.99±O.066 cm and 

1.97±O.07S respectively) of control fish showed no significant difference (P>O.OS), 

compared to length of right and left ovaries (1.64±0.1I cm and 1.67±O.12 cm 

respectively) of treated fish. There was no significant difference (P>O.OS) in breadth 

of right and left ovaries (0.4l±O.008 cm and 0.42±O.006 cm respectively) of control 

fish and breadth of right and left ovaries (0.40±O.043 cm and 0.4l±O.039 cm) of 

treated fish. (Table2, Fig.3 , 4). 
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Group IV; Day 28: 

After 28 day, effect of exposure to heavy metal copper on length and breadth 

of fish was significant (P<O.OS). Length (l.69±O.06 cm) of right ovary of treated fish 

was significantly decreased (P<O.OS), compared to length (2.29±O.18 cm) of right 

ovary of control fish Similarly copper showed drastic effect on the length of left 

ovary. Length (1.67±O.06 cm) of left ovary of treated fish significantly decreased 

(P<O.OS), as compared to length (2.26±O.201 cm) of left ovary of control fish. 

Breadth (O.S8±O.036 cm) of right ovary of control fish showed significant difference 

(P<O.Ol) as compared to breadth (O.38±O.02 cm) of right ovary of treated fish. There 

was significant decrease (P<O.OS) in the breadth (O.38±O.023 cm) of left ovary of fish 

exposed to copper and breadth (O.S8±O.S03 cm) of left ovary of control fish. (Table2, 

Fig.3,4). 
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Table.2 Effect of copper (0.08 ppm) on ovarian length and breadth of Cyprinion 

watsoni. 

Groups Length (cm) Breadth (cm) 
Right Ovary Left Ovary Right Ovary Left Ovary 

Control. Day 7 1.82±0.13 1.81±.0.1 3 0.40±0.013 0.40±0.011 
(n =5) 

Treated. Day 7 1.6±0.082 1.597±0.07 0.36±0.017 0.3 6±0.02 
(n =4) 
Control. Day 14 1.91±0.18 1.92±0.18 0.39±0.0095 0.4±0.0091 
(n =4) 

Treated. Day14 1.82±0.13 1.91±0.1 2 0.35±0.026 0.33±0.033 
(n =5) 

Control. Day 21 1.99±0.066 1.97±0.075 0.41±0.008 0.42±0.006 
(n =4) 

Treated. Day 21 1.64±0.11 1.67±0.1 2 0.40±0.043 0.41±0.039 
(n =3) 

Control. Day 28 2.29±0.18 2.26±0.201 0.58±0.036 0.58±0.503 
(n =4) 

Treated .Day 28 1.69±0.06* 1.67±0.06* O.38±0.02** 0.38±0.023* 
(n =5) 

Mean (±SE); Student's t test *P<0.05; **P<O.Ol; ***P<O.OOl vs Control 
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b. Effect of copper (O.08ppm) on length (cm)ofleft ovary of fish. 

Fig.3 
Effect of copper (O.08ppm) on length of right (a) and left ovaries (b) (cm) of fish. 
Mean ± SE, Student's t test, significantly different from control. P<O.05 (*) 
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Fig.4 
Effect of copper (O.08ppm) on breadth of right (a) and left ovaries (b) (cm) of fish. 
Mean ± SE, Student's t test, significantly different from control. P<O.05 (*), P<O.Ol(**). 
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Effect of copper on gonadosomatic index (GSI): 

Group I; Day 7: 

Mean ± SE values of GSI are given in Table 3 and Figure.5. Gonadosomatic 

index of control fish (4.18±0.4S) as compared to gonadosomatic index (S.97±1.31) of 

fish exposed to copper showed no significant difference (P>O.OS). 

Group II; Day 14: 

There was no significant difference (P>O.OS) on gonadosomatic index of 

control fish (2.80±0.21) and gonadosomatic index (2.89±O.19) of fish exposed to 

copper after 14 day of treatment. All average values are given in Table 3 and 

Figure.S. 

Group III; Day 21: 

Exposure of copper to fish showed no significant difference (P>O.OS) on 

gonadosomatic index of control fish compared to that of treated fish after 21 day of 

treatment. Gonadosomatic index of control fish was 1.9S±O.38. Gonadosomatic Index 

offish exposed to copper was 1.72±O.066. (Table.3 , Fig.S). 

Group IV; Day 28: 

When the GSI of both control and treated fish were compared, there was 

significant (P<O.OS) difference. GSI of control and treated fish was 4.40±O.73 and 

1.98±0.22 respectively (Table.3, Fig.S). 

Effect of copper on condition factor (K): 

Group I; Day 7: 

Mean ± SE values of condition factor are given in Table 3 and Figure.5. 

Condition factor (O.017±O.0013) of control fish compared to condition factor 

(O.016±O.0016) offish exposed to copper showed no significant difference (P>O.OS). 

Group II; Day 14: 

There was no significant difference (P>O.OS) in condition factor of control fish 

(O.020±O.OOlS) and condition factor of treated fish (O.023±O.0018). Mean ± SE 

values of condition factor are given in Table 3 and Figure.S. 
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Group III; Day 21: 

Condition factor O.OI69±O.00030f treated fish showed no significant 

difference (P>O.05) compared to condition factor O.OI8±O.OO 11 of control fish. 

(Table 3, Fig.5) on day 2l. 

Group IV; Day 28: 

After 28 days condition factor of treated fish (O.OI9±O.OOI1) showed no 

significant decrease (P>O.05) as compared to condition factor of control fish 

(O.0169±O.0006). Mean ± SE values of condition factor are given in Table 3 and 

Figure.5. 
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Table.3.Effect of copper on Gonadosomatic Index (GSI) and Condition Factor (k) of 
fish Cyprinion watsoni. 

Groups Gonadosomatic Index Condition Factor 
(GSI) (K) 

Control. Day 7 4. 18±O.45 O.O17±O.OO13 
(n =5) 

Treated. Day 7 5.97±1.31 O.O16±O.OO16 
(n =4) 
Control. Day 14 2.80±O.21 O.O20±O.OO1 5 
(n =4) 

Treated. Day14 2.89±O.19 O.O23±O.OO18 
(n =5) 

Control. Day 21 1.95±O.38 O.O18±O.OO11 
(n =4) 

Treated. Day 21 1.721±O.O66 O.O169±O.OO03 
(n =3) 

Control. Day 28 4.401±O.73 O.O169±O.OOO6 
(n =4) 

Treated .Day 28 1.98±O.22* O.O19±O.OO11 
(n =5) 

Mean (±SE); Student' s t test *P<O.05; **P<O.01 ; ***P<O.001 vs Control 
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Fig.5 
Effect of copper (0.08ppm) on gonadosomatic (a) index and condition factor (b) of fish. 
Mean ± SE, Student's t test, significantly different from control. P<0.05 (*) 
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Histological studies: 

The wall of ovary consists of tunica albuginea, a thick layer made up of 

cOlmective tissue containing numerous blood vessels. The tunica albuginea projects 

into the ovarian cavity to form relatively few ovigerous folds containing germ cells or 

oogonia and other follicles in various developmental stages. These are embedded in 

loose connective tissue, the stroma. Five developmental stages were observed which 

arc described as . 

Stage I; primary oocyte: 

They have darkly stained basophilic and homogenous cytoplasm. Follicular 

diameter ranges from 21 -65 ~m. The range of nuclear diameter 14-26 ~m with 

number of 2-4 nucleoli (Fig.14 a). 

Stage II; Perinucleolar follicle: 

These follicles are larger than (diameter 60-126 ~m) stage I, have strongly 

basophilic and homogenous cytoplasm. The nucleus (diameter 39-63Ilm) posses a 

number of nucleoli 7-22.The nucleoli lie towards the inner periphery of the nuclear 

membrane and the chromatin material is evenly distributed throughout the nucleus 

smoothly. Single layered granulosa appears but not fu lly organized around the 

developing follicle (Fig. 14 a) 

Stage III; Yolk precursor: 

These follicles are even larger than the Perinucleolar fo llicles; the diameter 

ranges between 128-195 11m while the nuclear diameter range of stage III follicles 

between 55-94Ilm. The cytoplasm is basophilic and has a slightly granular 

appearance at the periphery. Moreover, yolk vesicles are present only in the 

peripheral region of the cytoplasm. Chromatin material is evenly distributed and 

nucleoli (22-55) are arranged in peripheral region of nucleus towards the inner border 

of nuclear membrane, which is irregular in appearance (Fig.14 b). 

Stage IV; Oocyte with vacuolated cytoplasm: 

The oocyte at this stage has further increased in size (diameter 176-3151lm) 

compared to stage III follicle, while their nuclear diameter range is 50-140 11m. The 

nucleus at this stage has characteristic arrangement of nucleoli and has irregular 

nuclear membrane. The numbers of nucleoli are 24-55 .The Oocyte at this stage are 
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surrounded by a non-cellular layer, the zona radiata (2 /lm). At this stage zona radiata 

shows light striations but not prominent. Around the outer periphery of zona radiata, 

there is single layer of flattened granulosa cells, which have oval nucleoli. Layers of 

very thin elongated thecal cells surround the granulosa layer. The cytoplasm shows 

the accumulation of yolk which is in the form of brightly stained yolk globules and 

lightly stained yolk vesicles .The yolk globules occupy the area just on the outer 

periphery of the nucleus, while the yolk vesicles are observed outer to this, below the 

zona radiata (Fig.14 c). 

Stage V; Opaque oocyte with yolk granules: 

Follicles at this stage are deeply eosinophilic and are characterizes by the 

presence of eosinophilic yolk granules scattered throughout the cytoplasm .The 

periphery is invaded with large number of yolk vesicles. At this stage fo llicular 

diameter is maximum i.e.31 2-763/lm. Several nucleoli are present toward the 

peripheral region throughout the evenly distributed chromatin. The nuclear membrane 

is not clearly visible. Germinal vesicle moved towards the periphery . The theca, 

granulosa and zona radiata increased in thickness. The striations on zona radiata are 

deeply eosinophilic and very conspicuous (Fig.14 d). 

Atretic follicleslPast spawning ovary: 

The regressed ovary contains postovulatory follicles, immature oocyte and a 

number of those follicles, which had not undergone hydration at the time of spawning 

and have become Atretic. Two types of Atretic follicles were observed i.e. atresia of 

vitellogenic oocytes and atresia of previtellogenic oocytes. (Fig. 15) 
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a 

c 

Fig 14: Photomicrographs of developmental stages ofoocytes in Cyprinion watsoni, 

showing a (stage I and II), b (stage III), c (stage IV) and d (stage V) and nucleoli number 

(NN), follicular layer (FL), yolk vacuoles (YV) and yolk globules (YG). 
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Fig 15: Photomicrographs of Patterns of atresia in Cyprinion watsoni (a-e). 
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Effect of copper on number of developing and atretic follicles : 

Number of developing follicles per cross section of follicular stages I, II, III, 

IV, V and atretic fo llicles were counted in control and treated groups. The results are 

presented in Table.4 

Group I; Day7: 

Numbers of follicles per cross section were counted according to follicular 

developmental stages. Table 4 and figure 6 shows the number of follicles against each 

follicular stage after 7 days of treatment. There was no significant difference (P>O.OS) 

on number of follicles of all stages. Number of follicles of follicular stages I, II, III, 

IV and V of control fish were 11.18± 0.66, 3S.93 ± 4.3S, 24.06± 1.10, 9.S3± 0.6 and 

3.S3±0.23 respectively. While number of follicles of follicular stages I, II, III, IV and 

V of treated fish were 12.2±0.64, 32.92±1.3S, 2S.93±1.16, 8.46±3.33 and 3.06±0.24 

respectively. Number of atretic follicles of treated fish (4.3±0.38) showed significant 

difference (P<O.OS) compared to number of atretic follicles of control fish (3.2±0.34). 

Group II; Day14: 

Mean ± SE values of no of developing and atretic follicles per cross section 

are given in Table 4 and figure 6.There was no significant different (P >O.OS) in 

number of follicles of follicular stages I and II of control fish (9.4±0.S3 and 37±1.11 

respectively) and number of follicles of follicular stages I and II (9.2 ±0.6S and 

3S .9S± 1.0S respectively) of fish exposed to copper. But number of follicles of 

follicular stages III and V of control fish (20.1±1.07 and 3.4S±0.22 respectively) 

showed significant difference (P<O. 001) compared to number of follicles of follicular 

stages III and V of treated fish (1 2.3S±0.83 and 2.3±0.17 respectively). Number of 

follicles of follicular stage IV of treated fish (7.7S±0.7S) significantly decreased 

(P<O.OS) compared to number of follicles of follicular stage IV of control fish 

(l0.OS±0.S4). In treated fish number of atretic follicles (l3.1S±3.73) significantly 

increased (P<O.OOl) compared to number of atretic follicles of control fish 

(2.4±0.3S) . 
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Group III; Day 21 : 

After 21 days of treatment number of developing and atretic fo llicles per cross 

section were counted. There was no significant difference (P>O.OS) in number of 

follicles of follicular stage I of control (10.2±0.63) and that of treated fish 

(8 .86±0.61). But there was drastic effect on the number of follicles of follicular stages 

II, III, IV and V of treated fish. Number of follicles of follicular stages II, III and IV 

of control fish (4S±1.3S, 16.93±l.07 and 6.73±0.79 respectively) showed significant 

difference (P<0.001) compared to number of follicles of follicular stages II, III and 

IV of treated fish (36.4±l.09, 9.4± 0.66 and 2.66±O.70 respectively). Number of 

follicles of follicular stage V of treated fish (2.66±O.18) showed significant decrease 

(P<O.01) compared to number of follicles of follicular stage V of control fish 

(3±0.21). After 21 days of treatment number of atretic follicles (8.8±O.S4) in fish 

exposed to copper was significantly increased (P<O.001) compared to that of control 

fish (3.66±O.3). All mean ± SE values are given in Table 4 and figure 7. 

Group IV; Day 28: 

Effect of exposure to heavy metal copper was very drastic on number of 

follicles (per cross section) of follicular stages I, II, III, IV and V of treated fish as 

compared to that of control fish after 28 days of treatment. Number of follicles of 

follicular stages II, III, IV and V of control fish (SO.2±1.67, 14.2±O.60, 6.73±0.49 and 

3.8±O.32 respectively) showed significant difference (P<0.001) compared to number 

of follicles of follicular stages II, III, IV and V of treated fish (3S.46±l.OS, S.93±O.38, 

3.06±O.24 and 2.2±O.22 respectively). Number of atretic follicles of treated fish 

(8 .6±O.63) showed significant increase (P<O.Ol) compared to number of atretic 

follicles of control fish (3.26±1.03). Copper also showed drastic effect on number of 

follicles of follicular stage I of treated fish as compared to control. There was 

significant difference (P<O.01) in number of follicles of follicular stage I of control 

fish (9.86±0.8S) and number of follicles of follicular stage I of treated fish 

(6.86±0.46). All mean ± SE values are given in Table 4 and figure 7. 
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Table.4. Effect of copper (0.08 ppm) on number of developing and atretic follicles of 

fish Cyprinion watsoni. 

Follicular stages 

Groups 
Atretic follicle 

Stage I Stage II Stage III Stage IV Stage V 
Control 
Day. 7 11.l8±0.66 35.93±4.35 24.06±1.l0 9.53±0.60 3.53±0.23 3.2±0.34 
(n=5) 

Treated. 
Day.7 12.2±0.64 32.92±1.35 25.93±1.l6 8.46±3.33 3.06±0.24 4.3±0.38* 
(n=4) 

Control. 
Day. 14 9.4±0.53 37.00±l.ll 20.1±1.07 10.05±0.54 3.45±0.22 2.4±0.35 
(n=4) 

Treated. 
Day 14 9.2±0.65 35.95±1.05 12.35±0.3*** 7.75±0.75* 2.3±0.17*** 13.1 5±3.73*** 

(n=5) 

Control 
Day.21 10.2±0.63 45.00± 1.35 16.93± 1.07 6.73±0.79 3.00±0.21 3.66±0.38 

(n=4) 

Treated. 
Day.21 8.86±0.61 36.4± 1.09*** 9.4±0.66*** 2.66±0.70*** 2.66±0.1 8** 8.8±0.54*** 
(n=3) 

Contro l. 
Day.28 9.86±0.85 50.2±1.67 14.2±0.60 6.73±0.49 3.8±0.32 3.26±1.03 
(n=4) 

Treated 
Day.28 6.86±0.46* * 35.46±1.05*** 5.93±0.38*** 3.06±0.24*** 2.2±0.22*** 8.6±0.63*** 
(n=4) 

Mean (±SE); Student's t test *P<0.05; **P<O.Ol; ***P<O.OOI vs Control 
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a. Effect of copper (O.08ppm) on number of follicles after 7 days of treatment. 
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b. Effect of copper (O.08ppm) on number of follicles after 14 days of treatment. 

Effect of copper (O.08ppm) on number of follicles offish. 
Mean±SE, Student's t test, significantly different from control, P<O.05 (*), P<O.OI (* *), P<O.OOI 
(***). 
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b. Effect of copper (O.08ppm) on number of follicles after 28 days of treatment. 

Fig.7 
Effect of copper (O.08ppm) on number follicles offish. 
Mean±SE, Student's t test, significantly different from control, P<O.05 (*), P<O.Ol (**), P<O.OOI 
(***). 
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Effect Of copper on follicular diameter: 

Group I; Day7: 

Follicular diameters of stage I of control fi sh (S O.S4±1.47 flm) compared to 

follicular diameter of stage I of treated fish (48.l2±1.42flm) showed no significant 

difference (P>O.OS). Similarly there was no significant difference (P>O.OS) in the 

follicular diameter of stage II of control fish (106. 09±2.6S flm) compared to follicular 

diameter of stage II of fish exposed to copper (lOS.34±2.84flm). But follicular 

dian1eter of stage III of control fish (166.2S±2.98flm) showed significant difference 

(P<O.OS) compared to follicular diameter of treated fish (lS6.64±2.64flm) . Copper 

was not able to produce any drastic effect on follicular diameter of stages IV and V of 

treated fish. Follicular diameter of stage IV and V of control fish (220.47±4.S4 flm 

and S31.97±33.77flm respectively) compared to follicular diameter of stage IV and 

stage V of treated fish (206.S3±7.73flm and 499 .17±27.34flm respectively) showed 

no significant difference (P>O.OS). Mean ± SE values are given in Table.S and 

Figure.8. 

Group II; Day14: 

Effect of exposure to heavy metal copper was very drastic on follicular 

diameter of follicular stages I, II, III of treated fish as compared to that of control fish. 

The fo llicular diameters of stages I, II and III of treated fi sh (40.8± 1.1 Oflm, 

n.24±2.S7flm and 147.74 ±2.13 flm respectively), showed significant decrease 

(P<0.001) compared to follicular diameter of stages I, II and III of control fish 

(49.98±0.13flm, 1l1.31±2.46flm and 166.1 S ±2.S7flm respectively). There was no 

significant effect (P>O.OS) on follicular diameter of stage IV of control fish 

(301.S9±68.43flm) and follicular diameter of stage IV of treated fish 

(211.86±3.19flm). Follicular diameter of stage V of control fish (481.7S±28.88flm) 

showed significant difference (P<O.OS) as compared to follicular diameter of stage V 

of fish exposed to copper (381.3±11.64flm). Mean ± SE values are given in Table.S 

and Figure.8. 

Group III; Day 21: 

The follicular diameters of stages I, II, III, IV and V of fish exposed to copper 

were 37.S6±1.2Sflm, 86.17±2.0Sflm, 142.37 ±2.S1 flm, 179.62±2.96flm and 
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358.75±7.42~m respectively, which showed significant decrease (P<O.001) compared 

to follicular diameters of stages I, II, III, IV and V Of control fish (45.09±l.04~m, 

113±2.77~m, 155.25 ±2.67~m, 219.03±4.7 ~m and 456.12±5.61 ~m respectively). All 

mean ± SE values of follicular diameters are given in Table.5 and Figure.9. 

Group IV; Day 28: 

Drastic changes were observed in follicular diameters of all follicular stages 

after 28 days of experiment. The follicular diameters of stages I, II, III, IV and V of 

fish exposed to copper were 34.7±1.33~m, 74.l3±2.63~m, 141.23±2.61~m, 

191.10±2.55~m and 509.93±36.52~m respectively, which showed significant 

decrease (P<O.001) compared to follicular diameter of stages I, II, III, IV and V Of 

control fish .The follicular diameters of stages I, II, III, IV and V of control fish were 

45.92±1.46~m, l05.92±1.82 ~m, 157.33 ±2.60 ~m, 229.53±6.03~m and 

687.77±26.33~m respectively. (Table.5, Fig.9). 
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Table.5. Effect of copper (0.08 ppm) on follicular diameter (!lm) offish Cyprinion 

watsoni. 

Follicular Stages 
Groups Stage I Stage II Stage III Stage IV Stage V 
Control. 
Day7 50.54±1.47 106.09±2.65 166.25±2.98 220.47±4.54 531.97±33.77 
(n =5) 
Treated . 
Day 7 48.12±1.42 105.34±2.84 156.64±2.64* 206.53±7.73 499.17±27.34 
(n =4) 

Control. 
Day 14 49 .98±0.131 111.31 ±2.46 166.15±2.57 30 1.59±68.43 481.75±28.88 
(n =4) 

Treated. 
Day14 40.80±1.l0*** 92.24±2.57*** 147.74±2.13*** 2 11 .86±3 .19 381.3±11.64* 
(n =5) 

Control. 
Day21 45.09±1.04 1 13.00±2.77 155 .25±2.67 219.03±4.7 456.12±5.61 
(n =4) 
Treated. 
Day21 37.56± 1.25*** 86.17±2.05*** 142 .37±2.5 I *** 179.62±2.96*** 358 .75±7.42*** 
(n =3) 

Control. 
Day 28 45.92±1.46 105.92±1.82 157.33±2.60 229.53±6.03 687.77±26.23 
(n =4) 
Treated. 
Day 28 34.70±1.33*** 74.13±2.63*** 141.23±2.61 *** 191.10±2.55*** 509.93±36.52*** 
(n =5) 

Mean (±SE); Student's t test *P<0.05; **P<O.Ol ; ***P<O.OOI vs Control 
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a. Effect of copper (O.08ppm) on follicular diameter (/-Lm) after 7 days of treatment. 

b. Effect of copper (O.08ppm) on follicular diameter (/-Lm) after 14 days of treatment. 

Fig.8 
Effect of copper (O.08ppm) on follicular diameter of fish. 
Mean ± SE, Student's t test, significantly different from control, P<O.05 (*), P<O.Ol (**), P<O.OOI 
(***). 
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a. Effect of copper (O.08ppm) on follicular diameter (~m) after 21 days of treatment. 

b. Effect of copper (O.08ppm) on follicular diameter (~m) after 28 days of treatment. 

Fig.9 
Effect of copper (O.08ppm) on follicular diameter offish. 
Mean ± SE, Student's t test, significantly different from control, P<O.05 (*), P<O.Ol (**), P<O.OOl 
(***). 
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Effect Of copper on nuclear diameter: 

Group I; Day7: 

Mean values of nuclear diameter are tabulated in Tabe.6 and Figure.l O. 

Nuclear diameter of follicular stage I of control fish (24.74±O.91flm) showed 

significant difference (P<O.05) as compared to nuclear diameter of follicular stage I 

of treated fish (21.22±O.98/-lm). There was no significant change (P>O.05) in nuclear 

diameter of follicular stages II and III of control fish (53.l6±1.52flm and 81.93±2.74 

flm respectively) and nuclear diameter of follicular stages II and III of treated fish 

(50.75±1.31/-lm and 74.19±2.86flm respectively). Nuclear diameter of follicular stage 

IV (79.8±2.476/-lm) offish exposed to copper showed significant decrease (P<O.OOl) 

compared to nuclear diameter of follicular stage IV (93.3±2.30/-lm) of control fish. 

There was no significant change (P>O.05) in nuclear diameter of follicular stage V of 

control fish (156.4±13/-lm) and nuclear diameter (143.5±13.26/-lm) of follicular stage 

V of fish exposed to copper 

Group II; Dayl4: 

A pronounced change was observed in nuclear diameter of oocytes after 14 

days of experiment. The nuclear diameters of follicular stages I, II, III and IV of fish 

exposed to copper were 19.55±O.61/-lm, 49.57±1.15flm, 70.81 ± 1.46flm and 82.45 

±1.55 flm respectively, which showed significant decrease (P<O.OOl) compared to 

nuclear diameters of follicular stages I, II, III and IV of control fish (24.06±1.04 flm, 

55.95±1.33 flm, 83.39±2.22 flm and 93.72±2.78/-lm respectively) . Nuclear diameter 

(129.15±8.46/-lm) of follicular stage V of control fish showed no significant 

difference (P>0.05) compared to nuclear diameter (1 02.5±4.58 ~lln) of fo llicular stage 

V offish exposed to copper. Mean ± SE values are given in Table.6 and FigurelO. 

Group III; Day 21: 

The nuclear diameters of follicular stages I, II, III and IV of fish exposed to 

copper were 18.82±O.59 flm, 44.35±O.97/-lm, 70JO±1.79 /-lm and 74.73 ± 1.84 flm 

respectively, which showed significant decrease (P<O.OOl) compared to nuclear 

diameters of follicular stages I, II, III and IV of control fish .The nuclear diameters of 

follicular stages I, II, III and IV of control fish were 22.0 1±0.52flm, 58.56±1.58 ~lm, 

78.54±1.62/-lm and 87.22±2.71flm respectively. Nuclear diameter (91.22±3.76 /-lm) of 
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fo ll icular stage V of fish exposed to copper showed significant decrease (P<O.OI ) 

compared to nuclear diameter (125.05±6.l9flm) of follicular stage V of control fish. 

Mean ± SE values are given in Table.6 and Figure. I 1. 

Group IV; Day 28: 

Effect of exposure to heavy metal copper was very drastic on nuclear diameter 

of fo llicular stages I, II, III, IV and V of treated fish as compared to that of control 

fish. There was significant decrease (P<O.OOI), when nuclear diameters of follicular 

stages I, II, III, IV of treated fish (18±O.57flm, 39.33±1.35flm, 67.65±1.70flm, 

77.55±1.40flm and 135.04±6.48flm respectively) were compared with nuclear 

diameters of follicular stages I, II, III, IV and V of control fish (21.54±O.56I1m, 

51.74±l.I 5flm, 79.62±1.63 11m, 94.74±2.66 flm and I90.13±6.08flm respectively). 

All mean± SE values are given in Table.6 and Figure. I I. 
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Table.6.Effect of copper (0.08 ppm) on nuclear diameter (Ilm) of fish Cyprinion 

watsoni. 

Follicular Stages 
Groups Stage I Stage II Stage III Stage IV Stage V 
Control. 
Day 7. 24.74±O.9 1 53. 16±1.52 81 .93±2.74 93.30±2.30 156.4± 13 
(n =5) 
Treated. 
Day 7. 21.22±O.98* 50.75±1.31 74.19±2.86 79.86±2.47*** 143.5±13.26 
(n =4) 

Control. 
Day 14. 24.06±l.O4 55.95±1.33 83.39±2.22 93.72±2.78 129.15±8.46 
(n =4) 
Treated. 
Dayl4 19.55±O.61 *** 49.57±l.I5*** 70.81±1.46*** 82.45± 1.55*** I02.50±4.58 
(n =5) 

Contro l. 
Day2 1 22.01 ±O.52 58.56±1.58 78.54±1.62 87.22±2.71 125.05±6.19 
(n =4) 

Treated. 
Day 2 1. 18.82±O.59*** 44.35±O.97*** 70.30±1.79** 74.73±1.84*** 91.22±3.76** 
(n =3) 

Control. 
Day 28. 21.54±O.56 51.74±1.l5 79.62±1.63 94.74±2.66 190.1 3±6.08 
(n =4) 
Treated . 
Day 28. 18.00±O.57*** 39.33±1.35*** 67.65±1.70*** 77.55±1.40*** 135.04±6.48*** 
(n =5) 

Mean (±SE); Student's t test *P<0.05; **P<O.Ol; ***P<O.OOI vs Control 
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Follicular stages 

a. Effect of copper (O.08ppm) on nuclear diameter (/-lm) after 7 days of treatment. 

b. Effect of copper (O.08ppm) on nuclear diameter (/-lm) after 14 days of treatment. 

Fig.IO 
Effect of copper (O.08ppm) on nuclear diameter offish. 
Mean ± SE, Student's t test, significantly different from control, P<O.05 (*), P<O.OI (***), P<O.OOI 
( ***). 
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a. Effect of copper (O.08ppm) on nuclear diameter (/lm) after 21 days of treatment. 
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b. Effect of copper (O.08ppm) on nuclear diameter (/lm) after 28 days of treatment. 

Fig.ll 
Effect of copper on nuclear diameter of fish. 
Mean ± SE, Student's t test, significantly different from control, P<O.05 (*), P<O.OI (**), P<O.OOI 
(** *), 
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Effect of copper on number of nucleoli: 

Group I; Day 7: 

Number of nucleoli of follicular stages I and V of control fish were 2.96±O.l6 

and 27.4±0.74 respectively, which showed no significant difference (P>O.OS) 

compared to number of nucleoli of fo llicular stages I and V (2.86±O.12 and 2S.4±1.20 

respectively) of fish exposed to copper. While number of nucleoli of follicular stages 

II and IV of control fish were 13.96±0.42 and 28 .2±O.91 respectively, which showed 

significant difference (P<O.OI) compared to number of nucleoli of follicular stages II 

and IV (l0.8±1.31 and 24.16±O.73) of fish exposed to copper. Similarly number of 

nucleoli of follicular stage III of control fish was 33.03±0.82,which showed 

significant difference (P<O. 00 I) compared to number of nucleoli of follicular stage III 

(22.6±0.43) offish exposed to copper. All mean ± SE values are given in Table.7 and 

Figure. 12. 

Group II; Day 14: 

There was no significant change (P>O.OS) in nucleoli number of follicular 

stages I and II of control fish (2.82±O.l 2 and 12.7S±0.41) and nucleoli number of 

follicular stages I and II of treated fish (2.SS±0.10 andl1.2S±0.40 respectively) . 

While nucleoli number of follicular stages III, IV and V of control fish (29.SS±O.8 3, 

34.27±0.81 and 28.S±O.S respectively) showed significant difference (P<O.OOl ) 

compared to nucleoli number of follicular stages III, IV and IV (24.02±0.44; 

27.7S±0.44 and 24.4±0.6 respectively) of fish exposed to copper. All mean± SE 

values are given in Table.7 and Figure.l2. 

Group III; Day 21: 

Average values of nucleoli number of follicles of control and treated fish are 

given in Table.7 and Figure. 13 . Number of nucleoli of follicular stage I of control fish 

was 2.73±O.11 showed significant difference (P<O.OS) compared to number of 

nucleoli of follicular stage I of treated fish (2.33±O.ll). While number of nucleoli of 

follicular stages II, III, IV and V of control fish (l3.6±0.44, 30.4±O.S4, 32.83±0.47 

and 29.4±O.74 respectively) showed significant difference (P<O.OOI) compared to 

number of nucleoli of follicular stages II, III, IV and V (8.76±0.30, 2S.73±O.68, 

28.2±0.60 and 23.2±O.37 respectively) of treated fish. 
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Group IV; Day 28: 

No significant difference (P>O.05) was in the number of nucleoli of follicular 

stage V of control fish (32.4±1.40) and number of nucleoli (29 .3±O.86) of follicular 

stage V of treated fish. Number of nucleoli of follicular stages I, II, III and IV of 

control fish were 2.92±O.13, 11.75±O.38, 31.07±0.48 and 32.62±0.49 respectively, 

which showed significant difference (P<O.OOl) compared to number of nucleoli of 

follicular stages I, II, III and IV of treated fish (2.07±O.11, 8.65±O.29, 25.8±O.50 and 

26.S5±O.64 respectively). All mean± SE values are given in Table.7 and Figure. 13. 
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Table.7.Effect of copper (0.08 ppm) on number of nucleoli in fish Cyprinion watsoni. 

Follicular Stages 
Groups Stage I Stage II Stage III Stage IV Stage V 
Control. 
Day 7 2.96±O.162 l3.96±O.42 33.O3±O.82 28.2±O.9l 27.4±O.74 
(n =5) 

Treated. 
Day 7 2.86±O.12 10.8±1.31** 22.6±O.43*** 24.166±O.73** 25.4±1.20 
(n =4) 

Control. 
Day 14 2.82±O. 12 12.75±O.4l 29.55±O.83 34.27±O.81 28.5±O.5 

(n =4) 
Treated. 
Day14 2.55±O.10 11.25±O.40 24.02±O.44*** 27.75±O.44*** 24.4±O.6*** 
(n =5) 

Contro l. 
Day2 1 2.73±O.11 13.6±O.44 3O.4±O.54 32.83±O.47 29.4±O.74 
(n =4) 

Treated. Day 
2 1 2.33±O.11 * 8.76±OJO*** 25.73±O.68*** 28.2±O.60*** 23.2±OJ7*** 
(n =3) 

Control. 
Day 28 2.92±O. 13 11.75±O.38 31.O7±O.48 32.62±O.49 32.4±1.40 

(n =4) 
Treated. 

Day 28 2.07±O. 11 *** 8.65±O.29*** 25 .8±O.50*** 26.55±O.64*** 29.3±O.86 
(n =5) 

Mean (±SE); Student's t test *P<0.05; **P<O.Ol; ***P<O.OOI vs Control 
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a. Effect of copper (O.08ppm) on nucleoli number after 7 days of treatment. 
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b. Effect of copper (O.08ppm) on nucleoli number after 14 days of treatment. 

Fig.1 2 
Effect of copper (O.08ppm) on nucleoli number of fish. 
Mean ± SE, Student's t test, significantly different from control, P<O.05 (*), P<O.Ol (**), P<O.OOI 
(* * *). 
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a. Effect of copper (O.08ppm) on nucleoli number after 21 days of treatment. 
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b. Effect of copper (O.08ppm) on nucleoli number after 28 days of treatment. 

:ig.13 
~ffect of copper (O.08ppm) on nucleoli number offish. 
v1ean ± SE, Student' s t test, significantly different from control, P<O.05 (*), P<O.01 (**), P<O.001 
***). 
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Effect of copper on histology of ovary of fish Cyprinion watsoni: 

Gross histology of ovary indicated a great number of atretic follicles in the 

treated groups (exposed to 0.08 ppm copper) after 7, 14, 21 , 28 days of treatment 

respectively and atresia was observed in stage III, IV and stage V follicle. Atretic 

follicles in the control ovaries were lesser in number compared to treated group. 

Effect of exposure to heavy metal copper was very drastic on zona radiata, granulosa 

and nuclear membrane of stage III, IV and stage V follicle respectively after 7,14,21, 

28 days of treatment respectively. Effect of exposure to copper was very pronounced 

on yolk vacuoles and yolk globules of stage IV and stage V follicles respectively after 

7, 14, 21 and 28 days of treatment respectively. 

Group I; Day7: 

The gross histology of ovary of control fish showed that follicles of different 

stages were present, which include immature stage I, II and stage III yolk precursor 

follicles (Fig, 16a). Vacuolated Stage IV follicles and stage V vitello genic follicles 

were also present in ovarian tissue of control ovary. Stage II follicles were present 

with normal and homogeneous cytoplasm and nucleus with nucleoli arranged toward 

the periphery or attached with the nuclear membrane. Stage III (Yolk precursor) 

follicle, showed basophilic homogenous cytoplasm with peripheral appearance of 

yolk vacuoles (Fig 16a). In the cross section of ovary of fish exposed to copper 

(0.008 ppm) all follicular stages (1, II, III, IV and V) were present. Gross histology 

showed stage I and stage II follicles remained unaffected in appearance but increased 

atresia of yolked follicles compared to control (Fig.16b). Stage III (yolk precursor) 

follicles displayed drastic changes including disintegration (wrinkling) of the 

developing granulosa layer and irregular nuclear membrane (Fig, 16c). Stage IV 

vacuolated and stage V vitellogenic follicles remained unaffected respectively after 7 

days of copper treatment. 

Group II; Day14: 

Gross histology of ovarian tissue of control fish showed a great number of 

stage II and III follicles but less number of stage I, IV and V follicles were observed 

in the ovarian tissue. Stage II follicles were present near the ovarian wall, showing 

darkly stained cytoplasm, evenly distributed chromatin and nucleoli with well-defined 
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nuclear membrane (Fig, 17a). There was no pronounced effect of copper on number 

of stage I and stage II follicles after 14 days of copper treatment but stage III, IV and 

stage V follicles were greatly reduced in number in treated groups compared to 

control. In this group stage III (yolk precursor) i.e. previtellogenic and stage IV 

(Vaculoated) follicles were affected in appearance, these showed disintegrating of the 

developing granulosa layer and nuclear membrane became inegular (Fig, ISb). 

Another very prominent effect was increased atresia of stage III and IV yolked 

follicles (Fig, 1Sa). Stage V vitellogenic follicle remained unaffected after 14 days of 

copper treatment. 

Group III; Day21: 

Ovary of control fish showed a variety of follicles. Small immature stage I 

follicles were present throughout the ovarian region in between the previtellogenic 

and vitellogenic follicles. Stage II fo llicles were also present in the ovarian section, 

showing darkly stained cytoplasm, and nucleoli with well-defined nuclear membrane. 

Granulosa layer was developed in stage IV follicles and yolk vacuoles were present 

near the periphery (Fig, 19a). 

After 21 days of copper treatment, number of stage I follicles remained unaffected but 

number of stage II, III, IV and stage V follicles reduced. Number of atretic follicles 

significantly increased in treated group compared to control. Copper was unable to 

effect stage I and stage II follicles in appearance but drastic changes were observed in 

stage III (yolk precursor) and IV (vacuolated) follicles. In these follicles disturbed 

granulosa (Fig, 19b), disintegrating cytoplasm, inegular nuclear membrane and 

atresia can be observed. (Fig 19c). Stage V vitellogenic follicles remained unaffected 

in appearance after 21 days of copper treatment. 

Group IV; Day28: 

Ovarian tissue of fish showed great number of stage II follicles, but other 

fo ll icles (I, III, IV and V) were less in number. Gross histology of ovary of control 

fish showed follicles of different stages, which include stage I to stage V follicles. 

Some stage I follicles were present near the ovarian wall and other were present 

throughout the ovarian tissue. Stage II follicles were present with normal and 

homogeneous cytoplasm with nucleus, having nucleoli arranged towards the 
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periphery or attached with the nuclear membrane. Stage III (Yolk precursor) follicle 

showed basophilic homogenous cytoplasm with peripheral appearance of yolk 

vesicles. Granulosa layer was developed in stage IV follicle and yolk vacuoles were 

present near the periphery. Nuclear region contain homogenous nucleoplasm with 

nucleoli arranged in the periphery of nucleus (Fig, 20a). Stage V follicles i.e. 

vitello genic follicles displayed bright red stained yolk globules in between nucleus 

and non-staining yolk vacuoles. Yolk vacuoles were present near the zona radiata 

layer (Fig, 23a). At this stage these mature vitello genic follicles developed granulosa, 

zona radiata externa, and zona radiata interna and well developed thecal cells formed 

outer to granulosa layer (Fig, 22a). Striations were also prominent in zona radiata of 

vitello genic follicles (Fig, 22a). Yolk vacuoles were tightly attached to follicular layer 

(Fig, 23a). 

Copper was unable to affect theca cells after 28 days of copper treatment but 

follicular layer (theca, granulosa and zona radiata) in stage IV and V follicles 

separated from inner yolk in a gradual mrumer (Fig, 22d). There was also complete 

disappearance of non-staining yolk vacuoles and replaced by thick condensed 

striations of yolk material. (Fig, 23b), in addition striations of zona radiata were 

converted into blackish striation in treated groups (Fig, 22b). Stage IV follicles 

showed increased yolked follicular atresia, vacuolation in peripheral yolk and 

disintegration of nuclear membrane (Fig, 20b,c). In addition other drastic changes 

were also observed in stage V follicles , these changes were decrease in thickness of 

zona radiata and granulosa layer, atresia of yolked follicles, degeneration of nucleoli 

and clumping of yolk globules (Fig, 2Ib). 
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a 

Fig 16: Photomicrographs of section of control and treated ovary of Cyprinion watsoni. 
a. Control, showing a number of stage II & III oocytes with well-defined nuclear 
membrane (NM) X 163.5. b. (exposed to copper, 0.08 ppm for 7 days), showing atresia 
of yolk follicles (A YF) X 164.97. c. Follicles of same (treated) ovary, showing 
disintegration of developing granulosa layer (GL) and nuclear membrane (NM) X 
329.95. 
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a 

Fig 17: Photomicrographs of section of control and treated ovary of Cyprinion watsoni. 
a. Contro~ showing ovarian wall (OW) with variety of follicles X 65.99. b. Contro~ 
showing stage II oocytes with well-defined nuclear membrane and nucleoli (N) X 329.95. 
c. (exposed to copper, 0.08 ppm for 14 days), showing increased atresia of yolked 
follicles (A YF) X 163.5. 
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a 

Fig 18: Photomicrographs of section of treated ovary of Cyprinion watsoni. a. (exposed 
to copper 0.08ppm for 14 days), follicle showing disintegration of nuclear membrane 
(DNM) 327.11 X. b. Follicles of same ovary, showing atresia of yolk follicles (A YF), 
disintegration of developing granulosa layer 163.55 X 
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b 

Fig 19:Photomicrographs of section of control and treated ovary of Cyprinion watsoni 
a. Control, showing follicles with well - defined nuclear membrane (NM) 164.97 X. b. 

(exposed to copper, 0.08 ppm for 21 days, showing wrinkling of developing granulosa 
layer (OL) of stage IV follicles 168.2 X. c. Follicles of same (treated) ovary, showing 
disintegration of nuclear membrane (NM) 163.5 X. 
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a 

Fig 20: Photomicrographs of section of control and treated ovary of Cyprinion watsoni. 
a. Control, showing variety of follicles and vitello genic follicle (V) 64.85 X. b. (exposed 
to copper, 0.08 ppm for 28 days), increased vacuolation in peripheral yolk (YV) 163.5 X. 
c. Another treated follicle, showing separation of zona radiata (ZR) from inner yolk and 
increased atresia of yolk follicles (A YF) 65.42 X. 
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b 

Fig 21: Photomicrographs of section of control and treated ovary of Cyprinion watsoni 
.a. Control, showing vitello genic follicle (stage V) 65.4 X. h. (exposed to copper, 0.08 
ppm for 28 days), showing atresia of yolk follicles (AYF), degenerating nucleus (DN) 
65.4 X. c. same (treated) ovary, showing clumped pattern of yolk 65.4 X. 
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a 

Fig 22: Photomicrographs of section of control and treated ovary of Cyprinion watsoni. 
8. Control, showing striations (S) of zona radiata (ZR), theca (T) and granulosa cells (0) 
1543.11 X. b, C; (exposed to copper, 0.08 ppm for 28 days), showing blackish striations 
(BS) of zona radiata 1201.77 X. d. Other follicle of same (treated) ovary showing 
gradual separation of zona radiata 1450.66 X. 
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Fig 23:Photomicrograpbs of section of control and treated ovary of Cyprinion watsoni 3 . 

Control, showing normal non-staining yolk vacuoles (NSYV) 163.5 X. b. (exposed to 
copper, 0.08 ppm for 28 days), showing complete disappearance of non-staining yolk 
vacuoles replaced by fiber like tissue (FE) of follicular layer and clumping of stained 
yolk globules (YG) 327.11 sX. 

65 





DISCUSSION 

Main objective of the present study was to investigate the potential effects of 

exposure to heavy metal copper on several reproductive parameters with the ovary 

considered as the most probable target organ of fish (Cyprinion watsoni), keeping in 

view the follicular development at various stages, follicle numbers, atresia, 

gonadosomatic index (GSI) and condition factor (K). 

The use of Cyprinion watsoni as a test organism is ecologically relevant in 

hilly areas like Islamabad owing to their abundance in fresh water ecosystem. 

Furthermore, it is small, easy to handle in aquaria, and suitable for use in many 

disciplines e.g. Developmental Biology, Reproductive Physiology, Endocrinology 

and Ecotoxicology (Shaikh and Jalali, 1986). 

Behavioral changes as shown by Cyprinion watsoni due to exposure to copper 

sulphate were typical sign of uneasiness and stress. After addition of copper sulphate 

solution the first observation was uneasiness of fish and they moved towards the 

bottom of the aquarium, moving very fast in circular motion. Similar observations 

have been reported in Cyprinion watsoni after Copper sulphate treatment (Shah, 

2002). Their studies showed that copper sulphate treatment (0.03 mg CulL) caused 

little change in fish behaviour, while 0.06 mg CulL caused increased swimming 

activity and breathing movements. On the other hand due to high dose (0.12 mg 

CulL), fish became lethargic and lost equilibrium. 

Similar observations have been reported in catfish (Heteropneustu fossililis) 

after chromium chloride treatment (Dhaked, et al., 1993) and in Cirrhina mirgala after 

zinc treatment (Sharma and Sharma, 1995). In an early study, Vogal (1959) has 

shown that gold fish exposed to 1 mg!l of copper develops Wilson disease. 

Stress and uneasiness may be due to depletion of energy in the body of 

animal. A drop in the metabolic production of cellular energy in the form of high

energy bond in Bluegill sunfish (Lepomis macrochirus) on exposure to copper has 

been reported (Ellgaard and Guillot, 1988). Decreased and increased glucose levels 

on cadmium exposure have been reported in Hetropneustes fossilis and Labeo rohita 
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respectively (Das and Banerjee, 1980). The varying levels of blood glucose are 

indicative of abnormal carbohydrate metabolism and are possibly the result of 

impaired hormonal control (Andersson, et ai, 1988). The release of corticosteroid 

hormones in Sockeye salmon (Oncorhyncus nerka), when treated with copper has 

been reported (Donaldson and Dye, 1975). 

Collier, (1992) has investigated that size of fish is an impOltant determinant of 

reproductive success in fish. After 7, 14 and 21 days of copper treatment neither fish 

length nor body weight showed any significant change (P >0.05). Sehgal and Saxena 

(1986) showed body weight of female treated fish (Lebistes reticulates) was no 

affected by 278-mg/L zinc. But after 28 days of copper treatment both fish length and 

body weight of treated fish significantly decreased (P<0.05). Again it may be due to 

depletion of energy in the body of animal as mentioned earlier (Ellgaard and Guillot, 

1988). Ovarian weight of Cyprinion watsoni showed no significant difference 

(P>0.05) after 7, 14 and 21 days of copper treatment but it decreased significantly 

(P<O.Ol) after 28 days of treatment in fish exposed to copper. Sehgal and Saxena 

(1986) have also showed decreased ovarian weight in their study on the toxicity of 

278mg/L zinc for 20 days in Lebistes reticulates. Copper caused no significant 

difference (P>0.05) in ovarian length and breadth after 7, 14 and 21 days of copper 

treatment. But after 28 days of copper treatment, ovarian length and breadth of treated 

fish was significantly decreased (P<0.05) compared to control fish. However, the 

impact of these changes in ovarian size (length and breadth) and ovarian weight on 

the reproductive fitness of effected fish is not clear but it is likely that these will tend 

to produce altered size and number of eggs that has been associated with lower 

growth and survival rates in other fish species (Buckley, 1991), because low ovarian 

weight may be associated with suppressed ovarian development in adult female fish. 

A condition factor (K) was determined in both the control and treated animals. 

So the influence of emaciation on ovarian development could be distinguished from 

any potential effect of contaminant exposure. In our study condition factor of fish 

exposed to copper in all groups showed no significant difference (P>0.05), compared 

to control fish. So the condition factor is a generalized indicator of the overall health 

of a fish and can reflect the integrate effect of nutritional status and metabolic stress. 
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Adams et aI, (1992) studied the effect of contaminations on condition factor of fish in 

river that was contaminated with the effluent of pulp mill. Comparison of 

contaminated and uncontaminated water fish shows that condition factor was highly 

significant (P<0.05) in contaminated water fish than uncontaminated water fish. 

These results are not consistent with the present study. However our findings were in 

agreement with the previous fmdings (Jhonson et aI, 1997), in which no significant 

intersite difference was found in condition factor (length, weight relationship) in 

English sole (Pleuronectes ventulus). 

Gonadosomatic index is an indicator of the level of gonadal development. A 

gonadosomatic index of fish was determined. Copper caused no significant difference 

(P>0.05) in index after 7, 14 and 21 days of copper treatment. But after 28 days of 

copper treatment, GSI of treated fish was significantly decreased (P<0.05) compared 

to control fish. Dhawan and Kaur, (1997) observed concentration dependent decline 

in GSI in Cyprinus carpio and Cirrhina mirgala. They have reported that exposure of 

Cyprinus carpio to 56 and 100/-Lg/L heavy metal zinc and Cirrhina mirgala to 560 and 

1000 /-Lg/L of heavy metal zinc for 60 days cause dose dependent decline. 

Martin Diaz, et al (2005) reported decrease in GSI value, when female red 

swamp cray fish, (Procambarus clarkii) exposed to higher concentration of heavy 

metal zinc (3000/-Lg/L), while low concentration of heavy metal zinc (1000/-Lg/L) was 

unable to affect GSI of female cray fish. Similarly when female red swamp cray fish 

exposed to heavy metal cadmium (10 /-Lg/L and 30/-Lg/L), the GSI values were low, 

but not significantly different to the control animals. 

The stimulation or inhibition of GSI has been directly related to stimulation or 

inhibition of ovarian maturation (Martin Diaz, 2005). In present study the reduction in 

GSI values observed, for Cyprinion watsoni exposed to heavy metal copper (after 28 

days of treatment) showed significant decrease when compared with the control. It 

could be due to an increase or decrease in total body weights of fish. Sehgal et aI, 

(1984) repOlted lowered gonadal activity in Hg Cl 2 exposed fish. 

In Cyprinion watsoni before gonadal recrudescence began, the ovanes 

contained mostly follicles (oocytes) in primary growth stage (stage I follicle). Some 

pf these had entered the perinuc1eolar stage (Stage II follicles). As gonadal 
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development progressed, cortical alveoli began to appear near the follicle ( oocyte) 

membrane (stage III and IV follicles). Subsequent to this, yolk accumulation became 

evident in the ooplasm (stage V fo llicle). Similar ovarian developmental patterns 

were previously rep0l1ed by Shaikh and Jalali, (1986). 

In our study after 7 days of copper treatment no significant effect (P>0.05) 

were noticed on follicle numbers of different follicular stages in treated and control 

groups. Follicle numbers of stage I and II remained unaffected (P>0.05) but follicle 

numbers of stage III, IV and V were significantly decreased (P<0.05) in treated group 

compared to control after 14 days of copper treatment. Except stage I, follicle 

numbers of all stages were significantly decreased (P<0.05) in treated group 

compared to control group after 21 days of copper treatment. All follicle stages are 

adversely affected after 28 days of copper treatment, follicle numbers in all stages 

were significantly decreased (P<0.05) in treated group compared to control. Kumar 

and Pant (1984) reported in their study on teleost fish (Puntius conchonius Ham) 

exposed to sublethal poisoning of copper, zinc and lead that follicle nwnber of stage 

III significantly decreased in treated group compared to control after 2 and 3 month 

copper treatment but no significant effect was observed on other follicular stages and 

after 4 month of copper treatment follicle numbers of stage III and stage V were 

significantly decreased in treated groups. 

The histological abnormalities and low percentage of mature follicles 

(oocytes) in 278 mg/L zinc treated fish (Lebister reticulates) has also been reported 

by Sehgal and Saxena (1986). In present observations, the processes of atresia in 

control Cyprinion watsoni was generally similar to that described by Shaikh and Jalali 

(1986) and in other teleost species (Lambert, 1970). Mild atresia of yolked follicles 

has been rep0l1ed in many other teleost species and appears to be a normal part of the 

reproductive process (Babu and Nair, 1983). 

In present study atresia of both yolk and non-yolked follicles were observed. 

When fish (Cyprinion watsoni) was exposed to heavy metal copper, nwnbers of 

atretic follicles were significantly increased (P<0.05) in treated group compared to 

control group after 7, 14, 21 and 28 days of copper treatment. Similar results were 

reported by Kumar and Pant, (1984) in their study on teleost fish (Puntius conchonius 
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Ham) exposed to sublethal poisoning of heavy metals (copper, zmc and lead). 

According to them number of atretic follicles significantly increased in copper treated 

group after 2, 3 and 4 month of copper treatment, similarly heavy metals (zinc and 

lead) showed significant increase in atretic follicles in treated fish compared to 

control fish. 

The mode of action of heavy metals on the gonads of fish is not well 

understood. Decrease in follicle number and increase in number of atretic follicles in 

treated group may be due to inhibition of pituitary activity. Ram and Sathyanesan, 

(1983) has attributed the mercury induced pathological changes in the ovary and 

testes of Channa punctatus to the inhibition of activity of pituitary gonadotrophs and 

somatotrophs. Our findings though chiefly of morphological significance, do suggest 

a direct effect of heavy metal copper on the female gonad to produce pathological 

changes, besides their possible action through the pituitary. It seemed increased 

atresia in copper treated Cyprinion watsoni due to inhibition of gonadotropin 

production, it seemed realistic because there was also decrease in number of follicles 

(oocytes) of all stages. 

The change in oocyte size can also be related with follicular diameter. In 

present study follicular diameter of Stage III was significantly decreased (P<O.OS) in 

treated compared to control after 7, 14, 21 and 28 days of treatment. While follicular 

diameters of stage I, II and V were significantly decreased (P<O.OS) in treated 

compared to control after 14, 21 and 28 days of copper treatment. But follicular 

diameter of stage IV was significantly decreased in treated fish compared to control 

after 28 days of treatment. As observed earlier by Dey and Bhattacharya, (1989) acute 

changes in diameter of different stages of follicles ( oocyte) by treatment with elsan 

(211ppb), mercury (16.7ppb) and ammonia (1S.6Sppm) in a fish (Chmma punctatus) 

but no remarked changes were observed in the diameter of stage I follicle with respect 

to control. However, they studied decrease in diameter of stage II and III follicles 

(oocytes), which is similar to present study. Decreased follicular diameter has also 

been studied by Dhawan and Kaur, (1997) in their study, when Cyprinus carpio and 

Cirrhina mirgala exposed to 56 and 560 ).!g/L concentrations of heavy metal zinc. 

Massanyi, et al (2005) reported that follicular diameter was significantly decreased in 
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treated rabbits compared to control after administration of heavy metal cadmium to 

rabbits. In present study heavy metal copper adversely effect nuclear diameter of 

follicles. Nuclear diameter of stage I and IV was significantly decreased (P<0.05) in 

treated fish compared to control fish after 7, 14, 21 and 28 days of copper treatment. 

While nuclear diameter of stage II and III was significantly decreased (P<0.05) in 

treated group compared to control group after 14,21 and 28 days of copper treatment. 

But stage V follicle diameter was adversely affected (P<0.05) in treated after 21 and 

28 days of copper treatment. Decrease in nuclear diameter of follicles was observed 

by Khan, (2001), when fish (Tilapia nilotica) was exposed to heavy metal zinc. 

In present findings, heavy metal copper adversely effect nucleoli number of 

follicles. Nucleoli numbers of stage III, IV and V follicles (oocyte) of treated fish 

decreased significantly (P<0.05) compared to control fish after 7, 14,21, 28 and 14, 

21 days of copper treatment respectively. Similar results were reported by Khan, 

(2001), when fish (Tilapia nilotica) was exposed to heavy metal zinc, there was dose 

dependent significant decrease in nucleoli number of stage III and IV follicle . In our 

study, nucleoli number of stage I decreased significantly (P<0.05) after 21and 28 days 

of copper treatment and significant decrease in nucleoli number of stage II follicle 

after 7, 21 and 28 days of copper treatment. According to Khan, (2001) nucleoli 

number of stage I and II increased in treated fish (Tilapia nilotica) compared to 

control. 

The histological examination also reveals that copper causes adverse effect on 

theca, granulosa and zona radiata of follicles of fish (Cyprinion watsoni). In present 

study separation of follicular layer from inner yolk material, clumping of yolk 

globules, disintegrating of nuclear membrane, wrinkling of developing granulosa 

layer, increased vacuolation in yolk, decrease in thickness of zona radiata, conversion 

of zona radiata striations into blackish striations, complete disappearance of non 

staining yolk :vacuoles and replaced by thick condensed striations of yolk were 

observed in stage IV and V follicles of treated fish after 28 days. Conversion of zona 

radiata striations into blackish striations, complete disappearance of non staining yolk 

vacuoles and replaced by thick condensed striations of yolk may be due to some 

biochemical changes in copper treated groups. While disintegration of developing 
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granulosa layer and nuclear membrane was observed in stage III and IV follicles of 

treated fish after 7, 14, 21 and 28 days of copper treatment. The result of present 

study suggests that exposure to heavy metals in the enviromnent may have a 

pronounced effect on the ovarian developmental process in Cyprinion watsoni. These 

findings are consistent with several reports in the literature linking disrupted or 

inhibited ovarian development to contaminant exposure in other fish species (Johnson 

et al., 1988; Murugesan and Hanfia, 1992). 

Heavy metal copper has drastic effect on ovarian histology of fish after 28 

days of treatment so it can effect population of fish, Cyprinion watsoni in future. 

In conclusion the present findings suggest that we must be aware of the 

effects of copper pollution, because the accelerating industrial and agricultural 

development coupled with rapidly increasing population in the developing countries, 

exerts considerable pressure on ecosystems. The recent increase in chemical 

production and its usage in Asian countries is a real threat, which can destroy nature. 

So it is need of time to make policies for the regulation of enviromnent, which can be 

accomplished if it is based on the knowledge of environmental toxicology in this 

region. Such research is extremely important, if we have to understand the potential 

impact of degradation of freshwater fish population. Studies that will enhance our 

ability to identify species, which may be at risk for contaminated induced 

reproductive impairment are critical to successful conservation and management of 

freshwater fish population. 

72 





REFERENCES 

• Adams, S.M.; Crumby, W.D.; Greeley, M.S.J.R ; Sughar, L.R. and Saylor, 

C.F. (1992). Response of fish population and communities to pulp mil 

effluents. A holistic assessment. Ecotoxicology and Environmental safety.24: 

347-360. 

• Albaster, J.S. and Lloyd, R, (1982). Water quality criteria for fresh water fish. 

Butter worth, u.K. Pp.189. 

• AI-Sabati, k. , (1994). Micronuclei induced by selenium, mercury, methyl 

mercury and their mixture in binucleated blocked fish erythrocyte 

cells.Mutat.Res.Genet.Toxicol.Test.320 (1-2): 157-163. 

• Arniard, J.C. ; Arniard-Triquet, C.; Berthet, B. and Metayer, C., (1987). 

Comparative study of the patterns of bioaccumulation of essential (Cu, Zn) 

and nonessential (Cd, Pb) trace metals in various estuarine and costal 

organisms. J. Exp. Mar. BioI. Ecol. 106:73-89. 

• Andersson, T.; Farlin, L.; Hardig, 1. and Larsson, A, (1988.) Physiological 

disturbances in fish living in coastal water polluted with bleached kraft pulp 

mill effluents. Can. 1. Fish. Aquat. Sci. 45: 1525-1536, 

• Babu, N. and Nair, N.B. , (1983). Follicular atresia in Arnblypharyngodon 

chakaiensis. Z. Mikrosk. Anat. Forsch.97: 499-504. 

• Barr, W.A, (1965). The endocrine physiology of fishes. Oceanogr. Mar BioI. 

Annu. Rev3: 257-298. 

• Bengtsson, B.E. , (1974b). Vertebral damage to minnows Phoxinus phoxinus 

exposed to zinc. Oikos. 25 : 134-139. 

• Billard, R; Bry, C. and Gillet, B. , (1981). Stress, environment and reproduction in 

teleost fish. In AD.Pickering, editor.stress and fish. Academic press, London, 

pp.185-208. 

• Birge, W.1. ; Black, 1.A; Westerman, AG. and Ramey, B.A, (1983). Fish and 

amphibian embryos. A model system for evaluating teratogenicity. 

Fund.Appi. Toxicol.3: 237-242. 

73 



• Brezonik, P.L.; King, S.O. and Mach, C.E., (1991). The influence of water 

chemistry on trace metal bioavailability and toxicity to aquatic organisms. In: 

Metal ecotoxicology. Concepts and applications. Eds. Newman, M.C. and 

McIntosh, A.W. Lewis Publishers, Michigan. Pp. 399. 

• Brungs, W.A., (1969). Chronic toxicity of zinc to the fathead ml1ll1OW, 

Pimephales promelas Rafinesque, Trans.Am.Fish.Soc. 98:272-279 

• Buckley, L.J., (1991). Winter flounder Pseudopleuronectes amaricanus 

reproductive success, effect of spawmng time and female size on size 

composition and viability of eggs and larvae. Marine Ecol, Progress. Series 

74:125-135. 

• Choz, M. , (1983). Inorganic chemistry of biological processes. Mir, Moscow, 

pp.414. (In Russian). 

• Collier, T.K., (1992). Field studies of reproductive success in English sole 

(parophyrus vetulus): Correlation with bio indicators of maternal contaminant 

exposure. Science for the Total Environment. 116:169-185 . 

• Cuvin-Aralar, M.L.A., (1994). Survival and heavy metal accumulation of two 

Oreochromis niloticus (L.) strain exposed to mixture of zinc, cadmium and 

mercury. Sci. Total Environ. 148: 31-38. 

• Dallas, H.F. and Day, lA. (1993). The effect of water quality variables on 

riverine ecosystems: A review. Water Research Commission Project No. 351. 

Water Research Commission, Pretoria, South Africa. Pp. 240. 

• Das, K.K., and Banerjee, S.K., (1980) Cadmium toxicity in fishes. Hydrobiol. 

75: 117-1 21. 

• Davis, B. and Day, J., (1998). Pollution. In: Vanishing Waters. UCT Press, 

Cape Town, pp. 166-200. 

• Dawson, D.A.; Stebler, E.; Burks, S.A. and Bantle, lA., (1988). Evaluation of 

the developmental toxicity of metal contaminated sediments using short-term 

fathead milmow and frog embryo -larval assays. Environ. Toxicol. Chem.7: 

27-34. 

74 



• Dey, S. and Bhattacharya, S., (1989). Ovarian damage to Channa punctatus 

after chronic exposure to low concentration of Elsan, Mercury and Ammonia. 

Ecotoxicol. Environ. Saf. 17(2): 247-257. 

• Deyoung, D.l.; Bantle, lA.; Hull, M.A. and Burks, S.L., (1996). Differences 

in sensitivity to developmental toxicants as seen in Xenopus and Pimephales 

Embroys.Bull.Environ.ContamToxicoI.56: 143-150. 

• Dhaked, N.K.; Sharma, G.D. and lain, K.S., (1993). Effect of chromium 

chloride on behaviour and morphology of fresh water teleost, Heteropneustes 

fossilis. Recent advances in fresh water biology. 1 : 113-118. 

• Dhawan, A. and Kaur, K., (1997). Effect of zinc on maturation and breeding 

potential of Cyprinus carpio and Cirrhina mirgala. Int. J. Environ. Stud. 53 (4): 

265-274. 

• Diuga, G. and Penni, K., (1989). Biological chemistry. Mir, Moscow, pp.512. 

(In Russian). 

• Donaldson, E.M., (1990). Reproductive indices as measure of the effects of 

environmental stressor in fish.amer.Fish.Soc.Symp.8: 109-122. 

• Donaldson, E.M., and Dye, H.M., (1975). Corticosteroid concentrations in 

Sockeye Salmon, Oncorhynchus nerka exposed to low concentration of 

copper. J. Fish. Res. Board Can. 32: 533-539. 

• Donaldson, E.M. and Scherer, E. (1983). Methods to test and access effects of 

chemicals on reproduction in fishes. In: V.B. Vouk and PJ.Sheehan, editors. 

Methods for accessing the effects of chemicals on reproductive functions, 

Wiley, Sussex, England, pp 365-404 

• Dunnick, J.K. and Fowler, B.A, (1998) cadmium in handbook on toxicity of 

inorganic compounds (edited by Hans G. Seiler and Helmut Sigel), Marcel 

Dekker, INC, New York and Basel. Pp. 155-174. 

• DW AF (Department of water affairs and forestry). (1996). South African 

Water Quality Guidelines - Second Edition. Volume 7: Aquatic Ecosystems. 

Pp. 159. 

75 



• Eaton, 1.M .; McKim, 1.M . and Holocombe, G.W. (1978) . Metal toxicity to 

embryos and larvae of seven fresh water fish. 

Species.I.Cadmium.Bull.Environ.Contam.Toxicol.I9: 95-103. 

• ElF AC. Working party on water quality criteria for European freshwater fish. 

(1978) . Report on Copper and Freshwater Fish. Water Research. 12: 277-280. 

• Ellgaard, E.G. and Guillot, 1.L., (1988). Kinetic analysis of the swimming 

behaviour of bluegill sunfish, Lepomis macrochirus Rafinesque, exposed to 

copper: hypoactivity induced by sublethal concentrations. 1. Fish BioI. 33 : 

601-608, 1988. 

• Franchi, L.L, (1962). The structure of the ovary. B. Vettebrates in: The ovary, 

VoLl (S .Zuckerman, ed). Academics press, New York.Pp.121-142. 

• Gardner, G.R. and Yevich, P.P., (1970). Histological and hematological 

response of estuarine teleost to cadmium, 1. Fish. Res. Board Can. , 27:2185-

2196. 

• Gary, D.O. , (1996). General toxicology. The national veterinary medical 

series toxicology. Willam and Wilkans. Awaverly company.Pp.1. 

• Green, D.W.J.; Williams, K.A; Hughes, D.R.L. ; Shaikh, G.AR. and Pasco, 

D. , (1988). Toxicity of phenol to Asellus aquatics (L.): Effect of temperature 

and episodic exposure. Wat. Res. 22:225-31. 

• Handy, R.D. , (1994). Intermediate exposure to aquatic pollutants: assessment 

toxicity and sublethal response in fish and invertebrates. Compo Biochem. 

Physiol. , 107 C, 171 -84. 

• Handy, R.D. ; Sims, D.W. ; Giles, A ; Campbell, H.A and Musonda, M.M. , 

(1999) . Metabolic trade-off between locomotion and detoxification for 

maintenance of blood chemistry and growth parameters by rainbow trout 

(Oncorhynchus mykiss) during chronic dietary exposure to copper. Aquatic 

Toxicology. 47: 23 -41. 

• Hansen, H.J.M; Olsen, AG. and Rosenkilde, P. , (1996). The effect of Cu on 

gill and esophagus lipid metabolism in the rainbow trout (Oncorhynchus 

mykiss). Comp.Biochem. Physiol. 113C (1): 23 -29 . 

76 



• Heath, A.G., (1987) . Water pollution and fish physiology. CRT Press, Florida. 

Pp.245. 

• Hem, J.D. 1989. Study and interpretation of the chemical characteristics of 

natural water, 3rd ed. U.S. Geological Survey water supply paper 2253. 

Government Printing Office. 

• Horning, W.B. and Neiheisel, T.W. (1979). Cm'onic Effect of Copper on the 

Bluntnose Miml0W Pimephales notatus (Rafinesque). Arch. Environm. 

Contam. Toxicol. 8: 545-552. 

• Jacques, A. (1999). Management of fresh water fisheries. Oxford and IBH 

publishing Co.Pvt.Ltd.pp.33-34. 

• James, R.; Sampath, K and Selvamani, P. (1998). Effect of EDTA on 

reduction of copper toxicity in Oreoclu'omis mossambicus (Peters). Bull. 

Environ. Contam. Toxicol. 60: 487-493. 

• Jaya Ram.KC., (1981). Handbook of fresh water fish of India, Pakistan, 

Bangladesh, Burma and Srilanka, Pp.130. 

• Jhonson, L.L. ; Edmundo Casillas; Tracy, K.; Collier, Bruce, B. ; McCain and 

Usha Varanasi., (1988). Contaminant effect on ovarian development in 

English sole (Parophyrus vetulus) from Puget sound, Washington. Can. 1. 

Fish. Aqua. Sci.45: 2133-2145. 

• Jhonson, L.L.; Sol, S.Y.; Lomax, D.P.; Solan, C.A and Casillas, E., (1997). 

Fecundity and egg weight in English sole (Pleuronectes vetulus) from Puget 

Sound, Washington. Influence of nutritional status and chemical 

contaminants. Fishery bulletin 95 :231 -294. 

• Khan, M.K., (2001). Effect of heavy metal zmc on ovary structure and 

reproductive parameters of fish (Oreochromis nilotica). M.Phil thesis 

Biological Sciences, Quaid-I-Azam university Islamabad. 

• Kimc, D.E.; Ebrahimi, M.; Nysten, K; Roelants, 1. ; Rurangwa, E.; Moore, 

H.D.M. and Ollevier, F. , (1996). Use of computer assisted sperm analysis 

(CASA) for monitoring the effects of pollution on sperm quality of fish, 

application to the effects of heavy metals. Aquatic Toxicology. 36: 223-237. 

77 



• Kotze, P.; Dupreez, H.H. and Vanvuren, J.H.J., (1999). Bioaccumulation of 

copper and zinc in Oreochromis mossambicus and Clarias gariepinus, from 

the Olifants River, Mpumalanga, South Africa. Water SA . 25 (1) : 99-110. 

• Kumar, S and Pant, S.c. , (1984). Comparative effects of the sublethal 

poisoning of zinc copper and lead on the gonads of the teleost Puntius 

conchonius ham. Toxicology letters, 23: 189-194. 

• Lambert, j.O.D., (1970). The ovary of the guppy, Poecilia reticulata. The 

atretic follicles Mikrosk, Anat. 107: 54-67. 

• Laws, E.A. (1981). Aquatic pollution - introductory text, pp.160-166.John 

Wiley, New york. 

• Lehri, O.K, (1968). Cyclical changes in the ovary of catfish, Clarias batrachus 

(Linn). Acta Anat 69: 1 05-1 02. 

• Lewis, S.D. and Lewis, W.M., (1971). The effect of zinc and copper on the 

osmolality of blood serum of the channel catfish (Ictalarius punctatus) 

Rafinesque, and golden shiner (Notemigonus crysoleucas) Mitchell. 

Transactions of the American Fisheries Society. 100 (4): 639-643. 

• Lloyd, R. (1992). Pollution and fresh water fish. pp.82-83. Fishing News 

Book, u.K. 

• Lolyd, R. (1992). Pollution and fresh water fish. Fishing news books. UK. 

Jaya Ram Madam book. 

• Lopez, lM., Lee, O.F. 1977. Water, Air and Soils Pollut. Vol. (8): pp.373 . 

• Marr, lC.A.; Lipton, J.; Cacela, D.; Hansen, lA.; Bergman, H.L.; Meyer, J.S. 

and Hogstrand, c., (1996). Relationship between copper exposure duration, 

tissues copper concentration, and rainbow trout growth. Aquatic Toxicology. 

36: 17-3 0. 

• Martin. Diaz, M.L.; Tuberty, S.R.; McKenney Jr, C.L.; Sales, D. and Del

Valls, T.A., (2005). Effect of cadmium and zinc on Procambarus clarkii: 

Simulation of the Aznalc611ar. Mining spill. Ciencias Marinas (2005), 

31 (IB): 197-202. 

78 



• Mason, C.F. (1991). Biology of Freshwater Pollution, Second Edition. 

Longman Group UK Ltd., England. Pp.250-351 

• Massanyi, P.; Uhrin, V.; Toman, R. ; Pivko, J. ; Lukac, N .; Forgacs, Z.S.; 

Somosy, Z. ; Fabis, M. and Danko, 1., (2005). Ultrastructural changes of 

ovaries in Rabbits following cadmium administration. ACTAVET. BRNO. 

74: 29-35. 

• Migliore, L and Giudici, M de N. , (1994). Toxicity of heavy metals to Asellus 

aquatics (I) ( crustacea, Isopoda). Hydrobiologia. 203: 155-64. 

• Moore, H.D.M. and Ollevier, F. , (1996). Use of computer assisted sperm 

analysis (CASA) for monitoring the effects of pollution on sperm quality of 

fish, application to the effects of heavymetals. Aquatic Toxicology. 36: 223-

237. 

• Mount, D.l. , (1986). Chronic toxicity of copper to fathead mmnows 

(Pimephales promelas Rafinesque). Water research. 2:215-223 

• Mur, P.V and Ramamurti S., (1987). Heavy metals in natural waters. Mil', 

Moscow, pp.285 . (In Russian) . 

• Murugesan, AG. and Haniffa, M.A, (1992). Histopathological and 

Histochemical changes in the oocytes of air breathing fish Heteropneustes 

fossilis (Bloch) exposed to textile mill effluents . Bult. Environ. Contam. 

Toxicol. 48: 929-936. 

• Nussey, G., (1998). Metal Ecotoxicology of the Upper Olifants River at 

Selected Localities and the Effect of Copper and Zinc on Fish Blood 

Physiology. PhD-thesis, Rand Afrikaans University, South Africa. 

• Patterson, l.W., R.A. Minear, E. Gasca and C. Petropoulou. , (1998). Industrial 

discharges of metals to water. In: H.E. Allen, A.W. Garrison and G.W. Luther 

III (Eds.). Metals in Surface Waters. Ann Arbor Press, Chelsea, MI. pp. 37-66 

• Pelgrom, S.M.G.l. ; Lamers, L.P.M.; Lock, R.AC.; Balm, P.H.M. and 

Wendelaar Bonga, S.E., (1995a). Interactions between copper and cadmium 

modify metal organ distribution in mature tilapia, Oreochromis mossambicus. 

Environmental Pollution. 90 (3): 415-423 . 

79 



• Pelgrom, S.M.G.J.; Lock, R A.e.; Balm, P.H.M. and Wendelaar Bonga, S.E., 

(1995b). Integrated physiological response of tilapia, Oreochromis 

mossambicus, to Sublethal copper exposure. Aquatic Toxicology. 32: 303-320. 

• Poongothai, K. ; Shayin, S., Usharani, M.V. , (1996). Induction of micronuclei 

in fish by polluted water and heavy metals. Cytobios 86 (344): 17-22. 

• Purnet, P( ed) ; Bagliniere, J.L.( ed); Breton, B., (1998). Concsein superior de la 

peche.pp 247-709. 

• Rainbow, P.S and Dallinger, R., (1993). Metal uptake, regulation and 

excretion III freshwater invertebrates. In: Ecotoxicology of metals in 

invertebrates, (eds) R Dallinger & P.S. Rainbow, pp.119-131. Lewis 

Publishers. Florida 

• Rainbow, P.S. and white, S.L., (1989) Comparative strategies of heavy metal 

accumulation by crustaceans: zinc, copper and cadmium in decapod, an 

amphipod and a barnacle. Hydrobiologia, 174:245-62. 

• Rainbow, P.S. and white, S.L. , (1990). Comparative accumulation of cobalt 

by three crustaceans, a decapod, an amphipod, and a 

barnacle.Aquat.Toxica1.16 : 11 3-26. 

• Ram, RN. and Sathyanesan, A.G., (1985). Mercuric chloride, cythion and 

ammonium sulphate induced changes in the brain, liver and ovarian 

phosphatase content in the fish Channa punctatus (bloch). Environ.Ecol. 3: 

263 -268. 

• Robins, R.G. ; Berg, RB. ; Dysinger, D.K. ; Duaime, T.E.; Metesh, J.1. ; 

Diebold, F.E.; Twidwell, L.G. ; Mitman, G.G. ; Chatham, W.H.; Huang, H.H. 

and Young, e.A. , (1997). Chemical, physical and biological interactions at the 

Berkeley Pit, Butte, Montana. Tailings and Mine Waste 97. Bakeman, 

Rotterdam. 

• Sanders, M.l , (1997). A field evaluation of the freshwater river crab, 

Potamonautes warreni, as a bioaccumulative indicator of metal pollution. 

Thesis, Rand Afrikaans University, South Africa. 

80 



• Sehgal, R. and Saxena, AB. (1986). Toxicity of zinc to a viviparous fish 

Lebistes reticulatus (Peters). Bull. Environm. Contam. Toxicol. 36: 888-894. 

• Sehgal, R.; Tomar, V. and Panacy, AK., (1984). Comparative effects of two 

heavy metallicsalts on the testis of viviparous teleost Labistes reticulatus 

(Peters). J. Environ. BioI. 5:192-195 . 

• Sephar, R.L., (1976). Cadmium and ZInC toxicity to flagfish, JOl'danella 

floridae, J. Fish. Res. Board Can. , 33:1939-1945. 

• Shah, S.L. (2002). Behavioral Abnormalities of Cyprinion watsoni on 

Exposure to Copper and Zinc. Turk. J. Zool: 26.137-140. 

• Shah, S.L; Hafeez, M.A and Shaikh, S.A, (1995). Changes in hematological 

parameters and plasma glucose in the fish, Cyprinion watsoni in response to 

zinc and copper treatment. Pakistan. J. Zool; 27:249-253. 

• Shaikh, S.A and Jalali, S., (1986). Seasonal changes in the ovary of the 

cyprinid fish, Cyprinion watsoni. Pakistan J Zool: 19-25. 

• Sharma, A and Sharma, M.S., (1995). Acute toxicity of zinc to certain 

developmental stages of Cirrhina mirgala (I:Iamilton) J. Environ. BioI. 16(2): 

157-162. 

• Sheedy, B.R.; Lazorchak, J.M.; Grunwald, D.J.; Pickering, Q.H.; Pilli, A; 

Hall, D. and Webb, R., (1991). Effect of pollution on fresh water organisms. 

Res. J. Water Control Fed., 63:619-96. 

• Skidmore, J.F. (1964). Toxicity of zinc compounds to aquatic animals, with 

special reference to fish. The Quarterly Review of Biology. 39 (3): 227-247. 

• Sorensen, E.M.B. (1991). Metal poisoning in fish. CRC Press, Boca Ration, 

Florida. Pelgrom, S.M.G.J.; Lock, R.AC.; Balm, P.H.M. and Wendelaar 

Bonga, S .E. (1997). Calcium fluxes in juvenile tilapia, Oreochromis 

mossambicus, exposed to Sublethal waterborne Cd, Cu or mixtures of these 

metals. Environ. Toxieo!. Chern. 16 (4): 770-774. 

• Stagg, R.M. and Shuttleworth, T.J., (1982). The accumulation of copper in 

Platichthys flesus L. and its effects on plasma electrolyte concentrations. J. 

Fish. Bio1.20: 491-501. 

81 



• Steemann Nielsen, E. and Wium-Andersen, S., (1970). Copper ions as poison 

in the sea and in freshwater. Marine Biology. 6: 93-97. 

• Stouthart, X.J.H.X. ; Haans, J.L.M.; Lock, A.c. and Wendelaar Bonga, S.E., 

(1996). Effects of water pH on copper toxicity to early life stages of the 

common carp (Cyprinus carpio). Environmental Toxicology and Chemistry. 

15 (3): 376-383. 

• Tabata, K., (1969). Studies on the toxicity of heavy metals to aquatic animals 

and the factors to decrease the toxicity.2. The antagonist action of hardness 

component in water on toxicity of heavy metal ions. Bull. Tokai reg. Fish. 

Res. Lab. 58: 215-232. 

• Tafanelli, R. and Summerfelt, R.c., (1975). Cadmium induced 

histopathological changes in goldfish, In Ribelin, W.E. and Migaki, G. (Eds), 

The pathology of fishes, University of Wisconsin Press, Madison.pp.613. 

• Talwar, PK and Arun, G. Jhengran. (1992). Inland fishes ofIndia and adjacent 

countries. AA. BalkemalRotterdam, Vol: 1,XIII. 

• Tracy, k. ; Collier, John, E.; Stein, Herbert, R. ; Sanborn., (1992). Field studies 

of reproductive success and bioindicators of maternal contaminants exposure 

in English sole (Parophyrus vetulus). The science of the total Enviroment.l16: 

119-85 

• Valming de, M.L, (1972). Reproductive cycling in the estuarine gobbid fish, 

Gillichys mirabilis. 

• Vogal, F.S. , (1959). The deposition of exogenous copper lmder experimental 

conditions with observations on its neurotoxic properties in relation to 

Wilson's disease. l Exp. Med.110: 801-809. 

• Vose, lG.; Dybing.E; Greim, H.A; Ladefoge, 0.; Lamber, C.; Tarazona, 

T.V.; Brandt, I and Vethaak, A.D., (2000). Health effect of endocrine

disrupting chemicals on wild life, with special reference to European 

situation.Git-Rev-Toxico1.30: 71 -133. 

• Weis, S.1 and Weis, P. , (1977). Effect of heavy metals on the development of 

killifish Fundulus heteroclitus.1.Fish.Biol.11: 49-54. 

82 



• Welsh, P.G.; Skidmore, IF.; Spry, D.l; Dixon, D.G.; Hodson, P.V.; 

Hutchinson, N.J. and Hickie, B.E., (1993). Effect of pH and dissolved organic 

carbon on the toxicity of copper to larval fathead minnow (Pimephales 

promelas) in natural lake waters of low alkalinity. Can. J Fish. Sci. 50: 1356-

1362. 

• Wicklund Glynn A.; Haux c.; Hogstrand, C. (1992). Chronic toxicity and 

metabolism of Cd and Zn in juvenile minnows (phoxinus phoxinus) exposed 

to a Cd and Zn mixture.Can.J.Aquat.Fish.Sci.49: 2070-2079. 

• Williams, P.L. and Dusenbery, D.B. , (1990) . Aquatic toxicity testing using the 

nematode Caenorhabditis elegans. Environ. Toxicol. Chern. 9: 1285-90. 

• Wilson, R.W and Taylor, E.W., (1993). The physiological responses of fresh 

water rainbow trout, Oncorhynchus mykiss, during acutely lethal copper 

exposure.j.Comp.Physio1.163B : 38-47. 

• Witeska, M .; lezierska, B. and Chaber, 1., (1995). The influence of cadmium 

on common carp embryos and larvae. Aquaculture. 129: 129-132. 

83 


