
STUDIES ON THE TOXIC EFFECTS OF SELECTED HEAVY METALS IN

THE FRESHWATER MUSSEL LAMELLIDENS CORRIANUS (LEA)

THESIS

SUBMITTED TO

COCHIN UNIVERSITY OF SCIENCE AND TECHNOLOGY

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE OF

DOCTOR 01-‘ PHILOSOPHY

UNDER THE FACULTY OF ENVIRONMENTAL STUDIES

BY
RKJKLEKSIIMI EMMA P

SCHOOL OF ENVIRONMENTAL STUDIES

COCHIN UNIVERSITY OF SCIENCE AND TECHNOLOGY

COCHIN — 682 016

1992



C E R T I F I C A T E

This is to certify that this thesis is an authentic record
of the research work carried out by Smt. P. Rajalekshmi Amma.,
under my scientific supervision and guidance in the School of
Environmental Studies, Cochin University of Science and
Technology, in partial fulfilment of the requirements for the
degree of Doctor of Philosophy of the Cochin University of
Science and Technology under the Faculty of Environmental
Studies, and no part thereof has been presented for the award of
any other degree, diploma, or associateship in any University.

Mm
A. MoHAfiDAs

Head

School of Environmental Studies

Cochin University of Science and Technology
Cochin-682 016.



D E C L A R A T I 0 N

I, Rajalekshmi Amma, P., do hereby declare that this thesis
entitled "STUDIESON THE TOXIC EFFECTS OF SELECTED HEAVY METALS IN

THE FRESHWATER MUSSEL, LAMELLIDENS CORRIANUS (LEA)" is a genuine

record of the research work done by me under the scientific
supervision of Dr. A. Mohandas, Head, School of Environmental
Studies, Cochin University of Science and Technology, and has not
previously formed the basis for the award of any degree, diploma,
or associateship in any University.

f
G); - 0‘f\£A§)

Cochin-682 015. RAJALEKSHMI EMMA. P.



A C K N 0 H L E D G E H E N T

I am greately indebted to Dr. A. Mohandas, Head, School of
Environmental Studies, my supervising teacher, for his guidance,
encouragement, and critical evaluation of the thesis.

I wish to express my sense of gratitude to Prof. Dr. K.P.
Balakrishnan, Dean, Fanculty of Environmental Studies, for his
help, and guidance.

I thank the authorities of Cochin University of Science and
Technology for granting me permission and facilities to carry out
my research work.

I thank Dr. M.V. Subba Rao, Scientist, Zoological Survey of
India for the identification of the bivalve species studied.

I would like to express my profound thanks to Prof. Dr. N.R.
Menon, Director, School of Marine Sciences, for his encouragement
and help.

I am very much obliged to Dr. M.V. Harindranathan Nair,
Lecturer, School of Environmental Studies, for the invaluable
help and encouragemennt rendered by him during the preparation of
the thesis.

I would like to express my sincere thanks to Dr. Suguna
Yesodharan, Lecturer, School of Environmental Studies, for her
help and encouragement.



I am very much thankful to my colleagues, the members of
the non-teaching staff, School of Environmental Studies, for
their co-operation and support.

I gratefully acknowledge the invaluable help and support
rendered by my friends, Dr. Suresh, P.G., and Dr. Reju, M.K.

My sincere thanks are due to Mrs. Manju, M.R., Mr. Bennichan
Thomas, Dr. K.S. Gopalakrishnan, Dr. K. Suresh, Mr. Babu Jose,
P., and Mrs. Mini Shankar who helped me in one way or the other.

I would like to express my sincere thanks to Dr. S. Ashok
Kumar and Dr. Pauly, K.V., Dept. of Industrial Fisheries for
all the invaluable help rendered by them during the preparation
of the thesis.



CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

11

111

1V

Vl

V11

C O N T E N T S

INTRODUCTION

EFFECT OF HEAVY METALS ON THE RATE

OF OXYGEN UPTAKE

EFFECT OF HEAVY METALS ON TISSUE

GLYCOGEN CONTENT

EFFECT OF HEAVY METALS ON TISSUE

TOTAL PROTEIN CONTENT

EFFECT OF HEAVY METALS

ACTIVITY PATTERN OF

PHOSPHATASES

EFFECT OF HEAVY METALS

ACTIVITY PATTERN OF

TRANSAMINASES

SUMMARY

REFERENCES

ON THE

TISSUE

ON THE

TISSUE

PAGE NO.

1 - 14

15 - 32

33 — 48

49 - 66

67 - 105

106 — 133

134 — 140

141 - 205



CHAPTER—I



INTRODUCT ION

Industrialisation affects air, water, and soil. Industrial

effluents which enter the aquatic environment either by direct

disposal or through run off, affect living organisms at
morphological and physiological levels. In any living tissue
toxic materials exert their effects first at molecular and

biochemical levels (Robbins and Angell, 1976). Most of the

industrial effluents contain elevated concentrations of organic

and inorganic chemicals capable of eliciting stimulatory or

inhibitory effects on the metabolism of aquatic organisms.

Heavy metals form an important group of environmental

pollutants. Effects of pollution on the aquatic environment by

heavy metals have received considerable attention in recent years

due to their toxicity even at very low levels, persistence in the

environment, and chances of getting biomagnified. A pollutant

that does not affect a particular process under normal unstressed

condition may affect the ability of the animal to adjust to

changing environmental conditions which ultimately decrease its

chances of survival (Thurberg et al., 1973). Because of the

ecological hazards, heavy metals have become of increasing

concern as environmental pollutants. The well documented cases



of cadmium contamination as well as mercury poisoning of Minamata

Bay have revealed the devastating effects of these metals on

human beings. The chief sources of mercury contamination are

chloralkali plants and agricultural application. Mercury is
widely used as a fungicide, seed dresser, and also in the
manufacture of scientific equipments, and electrical appliances.

Copper is widely used as molluscicides and algicides. Since

copper is an essential metal, the toxic effect of copper gets

manifested only when the toxic limit is exceeded. Cadmium and

its compounds are being increasingly used in industries. It is

widely used in electroplating. Cadmium compounds are used as

colour pigments in plastics and various types of paints.

Metals may alter the enzyme activity or function in many

ways. They may bind to enzyme active sites or may interfere with

substrate binding and cause alterations in enzyme activity

(Ulmer, 1970). Metal ions may also alter concentrations of

cofactors and membrane permeability (Passow, 1970). Presence of

heavy metals leadto toxic effects mainly because of direct metal

interaction on enzyme systems (Tallendini et al., 1986). Mercury

is also found to disrupt ionic balance, altering cell membrane

permeability (Larry et al., 1974). Physiological damage brought

about by a toxicant is as important as mortalit y . Cadmium and



lead are found to react with phosphate groups of lipid bilayer

before being complexed by intracellular ligands (George and

Viarengo, 1984). In vivo studies on the effect of cadmium and

copper on mussel digestive gland have demonstrated that the first

alteration detected at lysosomal level is loss of membrane

stability (Viarengo et al., 1981 Moore et al., 1984).
Involvement of heavy metal in the stimulation of mitochondrial

lipid peroxidation could bring about alteration in the organism's

physiology (Viarengo, 1965). Metallothioneins play a very

significant role in metal metabolism. Studies concerning the

metal detoxification in the digestive gland of metal exposed

mussels have shown that like other cytosolic proteins, thioneins

are also taken up by lysosomes (George, 1983 b Viarengo et al.,

1984). The elimination of heavy metals is closely linked with

the biochemical characteristics of lysosomes which may vary in

different cells of the same organism (Viarengo et al., 1985).

The induction of hepatic metallothionein has been considered as

the most satisfactory explanation of acquired resistance of the

animal to metal toxicity (Brown and Parsons, 1978; Dixon and

Sprague, 1981; Cousins, 1985).

Heavy metals are the most active polluting substances as

they cause serious metabolic, physiological and structural



impairment in animals. Exposure to heavy metals can cause tissue

hypoxia and induce metabolic alterations (Tort et al., 1984).

Metal induced hypoxia was also suggested by Burton et al. (1972).

Marine organisms are capable of accumulating very high levels of

metals in their tissues with no apparent biological effects
(Goldberg et al., 1978). This tolerance may be attributed to the

presence of metallothioneins (Noel- Lambot et al., 1978; Olafson

et al., 1979 a; 1979 b; Overnell and Trewhella, 1979 )

Molluscs are known for their ability to accumulate metals

from media, and tolerate high tissue concentrations. Higher

tissue tolerance is related to the presence of chelating proteins

(see Dillon and Neff, 1978), and lysosomes (Desnoyers and Chang,

1975; Fowler et al., 1975). Cadmium has been found to be

directly toxic to macrophages (Loose et al., 1978 a), and depress

phagocytic capacity (Loose et al., 1978 b). Gill is intimately

involved in osmoregulation and respiration. High metal uptake by

gill tissue during initial period is reported (Eisler et al.,
1972; Hutcheson, 1974). Cadmium induced changes in gill

respiration are reported in crabs (Collier et. al. 1973). Improved

gas transfer efficiency and reduction in energetic requirements

are found to be compensatory mechanisms. The feature and

intensity of damage depend on the nature and level of the metal.



Morphological changes in gill epithelial cells after
exposure to mercury were reported in the crab Uca pugilator by

Vernberg et al.(1974). Vernberg and Vernberg (1972) found that

hepatopancreas, gills, and antenal glands are targets of mercury

deposition. Cadmium accumulation in hepatopancreas of
invertebrates is reported by Ray et al. (1980, 1981) and
Delthlefsen, (1977). It has been reported that metallothioneins

increased with time in mussels on exposure to metals and that the

thioneins accumulate in the lysosomes before being eliminated by

exocytosis (Viarengo et al., 1984). Lysosomes are able to

include metal chelating compounds in order to eliminate them (see

Cassini et al., 1986) and thus play an important role in metal

metabolism. Many marine bivalves are able to accumulate high

metal concentrations in tissues without being affected because of

the presence of metallothioneins (Cherian and Nordberg, 1983).

Pollutants are having profound influence on the filtration

rates of bivalves and the system. Effects of pollutants on the

filtering rate of Mytilus edulis have been studied by Abel

(1976). Watling and Watling (1982) conducted experiments on the

comparative effects of metals on the filtering rate of Perna

perna and reported that while mercury decreased the rate of

filtration, selenium dramatically increased it. Valee and Ulmer



(1972) have postulated that mercury can bind with carrier protein

molecule as the metal shows strong affinity for ligands such as

phosphate, cycteinyl, and histidyl side chains of proteins

resulting in inhibition of glucose and fructose transport.
Mercury interference with sodium pump during sugar transport is

also reported (Sastry and Rao, 1983). Cadmium uptake by mussel

may involve prior complexation with a carrier ligand before

translocation of the complex takes place across the gill membrane

(George and Coombs, 1977).

Freshwater mussels have been widely used in toxicity

evaluation and water quality management programme in view of

their role as bioindicator of toxicity levels and as water
purifiers in maintaining environmental quality (Reddy, 1984).

The high tolerance of bivalves to metals may be due to their

ability to withdraw into the shells and thereby reduce the
penetration of the toxicant into the soft parts (calabrese et
a1., 1973). If contaminants affect the homoeostatic mechanisms

that control concentration of biochemicals in organisms,
measurment of affected metabolites in normal and stressed

organisms provides a means to evaluate the stress condition.

Mussels are attractive indicators of pollution in the freshwater

ecosystem as they do not migrate extensively from their native



streams. As they are filter feeders, they will also absorb and

concentrate toxic material in their tissues. In a study on the

metal toxicity of freshwater mussels, Cassini et al. (1986)

observed that cadmium concentration in the gill tissue was

maximum while hepatopancreas recorded the lowest. Tallendini et

al. (1986) reported that the metal concentration in freshwater

bivalves was concentration as well as duration dependent. They

also opined that gill responded more quickly to metal exposure

than hepatopancreas. Presence of large amounts of calcium

concretions in the gills of freshwater mussel Anodonta exposed to

cadmium chloride was observed by Pynnoenen et al. (1987) who

suggested the possible role of these concretions in metal
detoxication. Everard and Denny (1984), in a study on the

uptake of lead by freshwater mussel, found that the digestive

gland is the major site of metal regulation although other

tissues may also act as long term immobilisation reservoirs.

They also observed that shell acts as a "sink" for the metal ions

as the metal ions are found irreversibly bound to shell
structure. Dermott and Lum (1986) also have reported of the

greater affinity of lead to the shell in freshwater clams.
However, Anderson (1977) found an equal distribution of lead in

both shell and soft tissues.



Bivalves, being sessile in habit, passively experience the

varying conditions in the overlying water coloumn. As they pump

large quantity of water for feeding and respiration, they
accumulate contaminants and are found to be responsive to many

environmental pollutants without showing a prolonged stress

(widdows et al., 1980). Benthic macroinvertebrates are, in

general, very sensitive to changes in the environment as they

can integrate the combined effect of many stressers through

changes in their ecology, morphology and pathology (Bostwick,

1973). Amongst the multitude of benthic organisms, bivalve

molluscs such as clams, mussels, and oysters have widely been

used as sentinel organisms for assessing and monitoring the

chemical and biological effects of pollution (Hung et al., 1975).

The capacity of bivalves to concentrate metals makes them useful

indicators of pollution (Frazier, 1976; Phillips, 1977; Cunnigham

1979; Zaroogian et al., 1979). Since they have the capacity to

concentrate metals, they also have the capacity to sequester the

toxicant (Engel and Brouwer, 1982). The ability of lamellibranch

molluscs to concentrate heavy metals to levels higher than that

of their medium is well documented (See Manly and George, 1977).

A number of abnormal cellular conditions have been reported

in mussels and bivalves exposed to pollutants. Presence of



proliferating neoplasmic cells, pollutant-induced alteration in

epithelial cells causing epithelial thinning, formation of giant

lysosomes associated with membrane destabilisation or lysosomal

labilisataion etc. are reported in mussels (Lowe and Moore,
1978).

Reports on the occurrence and accumulation of heavy metals

in pelycepods have been limited to marine forms. Reports of

heavy metal toxicity studies on the freshwater bivalves are very

scanty. Freshwater bivalves are found to be very tolerant to

aquatic pollutants by virtue of their inherent metabolic adaptive

capabilities, conferring greater survival chances for them when

compared to other aquatic forms. Talbot and Magee (1978) found

that cadmium, present in the gill and viscera of mussels from

Cadmium P°11ut8d area: is.found in high molecular weight

metallothionein proteins and low molecular weight aminoacids.

Presence of cadmium bound to protein smaller than
metallothioneins is also reported (Luten et al., 1986). Seasonal

variation in the response of mussels to toxicants is well
documented. Akarte and Mane (1988) observed that Lamellidens

marginalis and Lamellidens corrianus are most sensitive to

pesticides during summer than in monsoon and winter. Mane and

Akarte (1987) also reported that the three species of freshwater



mussels studied, required low pesticide concentration during

summer than in winter and monsoon to induce mortality and

alteration in behaviour pattern. Stebbing (1976) opined that

freshwater organisms are more sensitive to cadmium than marine

forms.

Various chemicals that enter the aquatic ecosystem through

anthropogenic activities may adversely affect the aquatic fauna

and flora, inflicting deleterious changes which disrupt the

metabolic activity at the biochemical level. Various studies

have been conducted on the effects of heavy cnetals on the

physiological as well as the biochemical aspect of fishes. But

only sparse information is available on bivalves, especially

freshwater bivalves, regarding the above aspects. Particular

information is lacking regarding the effects of heavy metals on

enzyme activity pattern. Transaminases are widely distributed

enzymes which play an important role in metabolic pathways. The

overall number of aminoacids transaminated in freshwater bivalves

appears to be lower than that of gastropods and marine bivalves

(Falany and Friedl, 1981). Since alanine and aspartic acids are

the major components of aminoacids as well as active substances

of transamination, catabolism of these aminoacids could be

chanelised through them (Falany and Friedl, 1981).
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Physiological and biochemical measurements are useful in

setting priorities for determining chemicals for which more

comprehensive hazard measurement is needed. They are also useful

in field investigation (Mehrle and Mayer, 1978). Perturbations

at different levels of functional complexity are brought about by

pollutants. Xenobiotics are found to inhibit or stimulate enzyme

synthesis or cause membrane disturbances by causing damage to

lysosomes, mitochondria and enzyme reaction (Moore, 1985).

Injury, resulting in destabilisation of lysosomal membrane bears

quantitative relationship of the magnitude of response (Bayne et

al., 1979, 1982). Displacement of essential metals from
metalloenzymes by non—essential metals causes changes in the

confirmational shape of the enzyme resulting in the loss of

enzyme activity (Friedberg, 1974).

Since effluents from industrial complexes entering the water

bodies contain an array of chemicals, it is impractical to
monitor water quality by chemical analysis alone. Therefore, it

is highly essential to study the biological availability of
metals as well as their impact on biological systems. A chemical

renders the animal more susceptible to infectious agents limiting

its defence mechanism. It has been well established that many of

the metals compromise the immune mechanism of the experimental

11



animals (Koller, 1980). Metals could alter the enzyme activity

not only by inhibiting, but also by stimulating the catalytic

function of the enzymes (Eichhorn et a1., 1969). Metals bind to

low molecular weight cytosolic compounds,most of which are

substrates of enzymatic reaction (Scoppa. 1975; Zaba and Harris,

1978). Exposure to metals in some way alters the enzyme and

changesits response to co-factors, temperature and pH (Jackim,

1974). Exposure to cadmium causes a drain of metabolic energy

due to increased enzyme biosynthesis and loss of metabolic

flexibility by way of reduced sensitivity to magnesium modulation

(Gould, 1976). But metal exerts its toxic effects only when the

binding capacity of metallothioneins has been exceeded resulting

in an interaction of toxic trace metals with the enzyme pool

(Bayne et al.. 1983).

Freshwater mussels form an integral part of the ecosystem.

They are bottom dwelling and are good markers of aquatic

pollution as they absorb all soluble chemicals. Eventhough derth

of literature is available regarding metal toxicity in animals,

there is a paucity of literature on the influence of toxicants on

freshwater mussels. Importance of mussels and clams as a source

of protein is widely recognised and freshwater mussel is
considered as poor man's food.

12



Lamellidens corrianus (Lea) is an edible freshwater bivalve

common in ponds, pools, and rivers all over India. They live

partialy burried in mud or sand and form the cheapest form of

nutrient. Lamellidens is also of high academic interest.
Besides, they are also being used for producing pearl, and their

shell used in lime industry. Since large quantites of industrial

effluents are being discharged into the rivers, the freshwater

mussels are subjected to intense pollution. As heavy metals form

a major component of the industrial effluents, it was thought

worth while to undertake a study on the effect of these metals on

this freshwater mussel. Mercury, copper, and cadmium are metals

toxic to many organisms even at very low concentrations. Barring

copper, these metals are not at all beneficial to living beings.

Copper, mercury, and cadmium were chosen as the challenge metals

because of their widespread contamination of the aquatic system

as well as their high toxicity to aquatic life. Cadmium
pollution is of particular interest because of their cumulative

toxic effect. The metal toxicity was assessed by studying the

effect of the above metals on two tissues, gill and
hepatopancreas. Gill is intimately involved in osmoregulation as

well as respiration and hence the study on the effect of the

metal on gill tissue is of paramount importance. Gill is found

to be the initial target of metals. Hepatopancreas has also been

11



proved to be the target organ for the deposition of heavy metals

like mercury (Vernberg and Vernberg, 1972). Hepatopancreas acts

as a "sink" for a variety of toxic substances (Gibson and Barker,

1979). Hepatopancreas also plays the pivotal role in metal

detoxication, as it is rich in lysosomes (Summer, 1969; Owen,

1972; Moore and Halton, 1973, 1977; Moore, 1976). The study of

enzyme offers potential for the development of both general and

specific sublethal indices of stress (Bayne et al., 1985).

If contaminants or abnormal condition affect the
homoeostatic mechanism that controls concentration of

biochemicals in organism, measurement of affected metabolites in

normal and stressed organism may provide a means of evaluating

degraded aquatic habitats (Gardner et al., 1981). More over, a

better understanding of the mode of action of toxicants in the

aquatic organism is necessary to predict the potential harm of

various pollutants discharged into the environment. The present

study is intended :(i) to gain more information regarding the

internal disturbances in mussels on exposure to heavy metals, and

(ii) also to enhance our understanding of their mode of action.
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EFFECT OF HEAVY METALS ON THE RATE OF OXYGEN UPTAKE

2.1 INTRODUCTION

Industries built adjacent to rivers and other bodies pollute

the very aquatic environment by easy disposal of their waste.

Pollutants seriously alter the environmental conditions of the

affected area causing serious damage to the aquatic life.
Bivalves are known to concentrate heavy metals in their tissues

resulting in a shift in the physiological activities (Phillips,

1977; George and Coombs 1977; Lomte and Jadhav, 1982). As

pollutants gain entry into the body of the bivalve through the

gills, the first physiological function to be affected is oxygen

uptake. Anderson et al. (1974) remarked that respiratory
response of an animal may be merely indicative of its ability to

regulate in some way to an irritating environment.

Several studies have stressed the possible deleterious

effects of mercury and cadmium on aquatic organisms (Eisler,

1971; Calabrese and Nelson, 1974; Eknath and Menon, 1979 a;

George and Frazier, 1982). Changes in oxygen consumption serve

as a good indicator of stress, and are used in evaluating changes

in the metabolism due to alteration in the environment (Hawkins

et al., 1986). Metal induced variation in oxygen
consumption is amply recorded in invertebrates (MacInnes and
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Thurberg, 1973; Saliba and Vella, 1977; Waldichuk, 1974;

Torreblanca et al., 1987). Metal induced changes alter from

metal to metal and species to species (Thurberg et al., 1974;

Bryan. 1976). Sublethal concentrations of metals are found to

either depress or elevate functions, especially respiration.

Mercury, cadmium, and zinc are found to depress respiration

in Perna indica (Baby and Menon, 1986 a). Variability in oxygen

uptake due to copper stress is reported by Brown and Newell

(1972). Brown and Newell (1972), reported that inhibition in

respiration in Mytilus edulis by heavy metals was due to
suspension of ciliary activity rather than direct inhibition of

respiratory activity. Mohan et al. (1986 b) found mercury and

cadmium acting as respiratory depressants in Perna viridis.

Salanki (1965, 1968) found that bivalves close their valves under

unfavorable conditions resulting in decreased oxygen uptake. In

Meretrix caste, and Mytilus edulis, copper acted as respiratory

depressant (Scott and Major, 1972) while copper had no effect on

respiration in Carcinus maenus (Thurberg et al., 1973).
Anaerobic respiration following metal exposure is documented in

Scorbicularia (Akberali and Black, 1980).

Bivalves show great variability in respiratory rate. Even

under constant external condition, oxygen consumption of a given



species is variable (Wilbur and Yonge, 1966). Fluctuations in

respiratory levels are demonstrated in Ostrea (Galtsoff and

Whipple, 1930) and Anadora species (Weinland, 1919). Patil and

Kaliwal (1983) found decrease in oxygen consumption followed by

increase on exposure to metals. Disruption in oxygen uptake and

osmoregulatory function due to metal toxicity is reported by

Sullivan and Cheng (1975) in gastropods.

The variation in oxygen consumption may not be essentially

due to the direct effect of metal on the respiration rate. It

can be due to the effect on filtration rate or ciliary activity

(Mathew and Henon, 1983). Morphological changes in gill

epithelial cells after exposure to mercury are reported (Vernberg

et al., 1974; Bubel, 1976). Experimental studies with zinc have

been found to impair gill respiration (Lloyd, 1960; Skidmore,

1970). Gill damage resulting from zinc toxicity modifies gas

exchange and create hypoxia at tissue level (Skidmore,
1970).Anderson (1978) reported decrease in oxygen uptake in

animals exposed to lead. Disruption of gill structure following

heavy metal exposure, resulting in variation in respiration and

osmoregulation is well documented in crustaceans and fishes

(Baker, 1969; Eisler and Gardner, 1973; Jones, 1975).

Shaffi (1978 a) stated that coagulation of mucus on gills



might have reduced the oxygen transfer to various internal organs

when the animal is subjected to pollutants. Activity of cilia of

inner and outer gills is differentially modulated by pesticides

in freshwater mussel (Basha and Swami,1987). Increase in oxygen

consumption under pesticide stress is reported in Lamellidens

corrianus (Muley and Mane, 1987). Closure of valves in response

to stress and thereby decrease in oxygen uptake is reported in

bivalves. (Gilles, 1972: Bayne, 1973). Variation in the rate of

respiration in relation to concentration and exposure period is

reported (Chinnaya. 1971; Collier et al. 1973). Severe
pathological changes were observed by Couch (1977) in gills of

crustaceans exposed to mercury, cadmium, copper, and chromium.

Respiratory chain is of vital importance for the supply of

energy to the living cells. It is an important physiological
index reflecting the animal's overall functional well being. As

respiration is sensitive to an array of environmental and
biological variables, respiration may be used as a tool for the

assessment of the toxic effects of a pollutant. The nature of

the respiratory response varies between species as well as toxic

substances and is often a function of concentration of toxicant

(Verriopoulos et al., 1986). Oxygen consumption rate in mud

snail Nassarius obsoletus had been found to be lowered by copper,

18



arsenic, silver and zinc but elevated by cadmium (MacInnes and

Thurburg, 1973). Extensive alteration in the ultra structure of

gill tissue filaments due to mercury exposure is reported in

crabs (Vernberg et al. 1974). Lobster was shown to elevate gill

tissue oxygen consumption on exposure to cadmium (Thurberg et

al., 1977) in contrast to depression in oxygen consumption in

gill tissue of green crab Carcinus maenas (Thurberg et al.,

1973). Jones (1942) found stimulation of respiratory rate in

Gammarus pulex and.Polyce11is nigrawhen exposed to copper and

mercury. Similar observation with reference to copper was

reported by Hunter (1949). But Corner and Sparrow (1956) found

copper and mercury as respiratory depressants. Eisler et al.

(1972) reported that the level of cadmium doubled in the gills of

lobster after exposure to the metal, resulting in changes in

respiration. Elevation of gill tissue oxygen consumption under

stress is reported by Thurberg et al.(1977).

Decline in oxygen consumption on exposure to chromium

suggests that chromium interferes with energy supplying metabolic

processes, resulting in inhibition of ciliary activity and
vice—versa (Capuzzo and Sasner, 1977). Cadmium is also reported

to stimulate oxygen consumption in zoo plankton (Kettle et al.,

1980). Exposure to silver resulted in increased oxygen

10



Oxygen consumption is a useful measure of sublethal effects

because energy processes serve as an indicator of overall

physiological state (Sigmon, 1979). This chapter deals with the

study on the effect of heavy metals on the rate of oxygen uptake

by L. corrianus.

2.2 MATERIAL AND METHODS

2.2.1 Test animal

The animal selected for the study is the common freshwater

mussel, Lamellidens corrianus (Lea). Lamellidens corrianus is a

freshwater mussel common in the ponds and rivers. Specimens were

collected from Desam, near Aluva, Ernakulam district, Kerala.

2.2.2 Laboratory conditioning of the animal

After collection, the clams were immediately taken to the

laboratory, with minimum disturbance, in polythene bags filled

with water. In the laboratory they were maintained in large

fibre glass tanks, containing well aerated, chlorine free water

of pH 7-7.5 and temperature 30 : 1°C. The clams were acclimated

to laboratory conditions for 48 hrs and during the period of

acclimation they were fed with green algae, Scenedesmus. The

medium was changed every 24 hrs. All animals taken for the study

21



were of the same population.

2.2.3 Selection of animals

The animals selected for the study belonged to the size

group of 5.5 cm : 1 cm. The above size group, being the common

size group, was selected for the study. After acclimatising the

animals for 48-96 hrs they were transferred to the test medium

for the required period of time.

2.2.4 Toxicity studies

Lethal toxicity of individual toxicants

Lethal toxicity studies provide information regarding the

relative lethality of a toxicant. This test is designed to
determine the highest concentration of a pollutant which will

cause 50% mortality of a limited number of organisms. The static

renewal test technique was employed for the study as described in

APHA (1975). Exploratory tests were conducted prior to acute

toxicity studies.

For lethal toxicity studies, laboratory conditioned mussels

of uniform size ( 5.5: lcm) were exposed to the test medium,
containing a series of concentrations of the toxicants. The

toxicants selected were copper, mercury, and cadmium. Standard

22



solutions of the metals were prepared by dissolving the salts of

the selected metals in glass distilled water. Standard solutions

of copper and cadmium were prepared using CuSo4 5 H o (Qualigens.2

AR grade) and 3 CdSo4 8 H o (Sarabhai chemicals, AR grade)2

respectively. Standard solutions of mercury was prepared by

dissolving Hgclz (Qualigens, AR grade) in glass distilled water.
Fibre glass tanks were used for the experiment. Ten animals were

selected for each concentration. The experimental tanks were

kept covered to minimize external disturbances. The tests were

carried out at room temperature (30 : 1.5°C). The animals were

not fed during the experiment. Appropriate replicates and

controls were invariably maintained for all the experiments .

The test media were replenished totally every 24 hr. The animals

were inspected at regular intervals of 12 hrs and the cumulative

mortality was recorded. Valve gaping beyond 5mm and/or inability

of the animal to close the valves under mechanical stimulation

were the indices of death. The 96 hr LC50 value was calculated

by Probit Analysis (Finney, 1971). The LC50 values were 2.66

ppm, 2.278 ppm, and 2.994 ppm for copper, mercury, and cadmium

respectively.

2.2.5 Sublethal toxicity studies

The objective of these studies was to find out changes in



the activities of the animals under the stress of sublethal
concentrations of metals. Three sublethal concentrations were

selected for each metal. For copper, the concentrations selected

were 100, 200, and 400 ppb and for mercury, the selected

concentrations were 75 ppb, 150 ppb, and 300 ppb. The sublethal

concentrations for cadmium were 150 ppb, 300 ppb, and 600 ppb.

Appropriate quantities of the above solutions were added to the

test media to get the respective metal concentrations.
Assessment of the different parameters was carried out at 24.

72, 120 and 168 hrs. The test medium was replenished every 24

hr. Controls were invariably run along with the experimentals.

Standard solutions of the different metals were prepared by

dissolving the corresponding salts in glass distilled water.

Appropriate quantities of the above solutions were added to the

test media to get the respective metal concentrations.

2.2.6. Rate of oxygen uptake

For each concentration as well as control the total number

of animals used was six. Animals pre- exposed to the respective

toxicant concentration for different periods of 24, 72, 120 and

168 hrs were taken for oxygen uptake studies. The animals were

kept in conical flasks of 2 1 capacity containing 2 l of the test

medium, along with a control group. To avoid gaseous exchange



with the atmosphere, the water column in the experimental flasks

was sealed with inert liquid paraffin. After one hour a
definite volume of the water sample was drawn from the flask and

the oxygen content was determined by the Winkler method. After

the experiment, the animals were dissected, the soft tissues
removed, cleaned in distilled water and dried at 70-80 0C for 48

hrs and the dry weight recorded to constancy. For each
concentration the total number of animals used was six. Oxygen

consumption was expressed as mg 02 h—1gm_1(dry wt).

The data were statistically analysed by student's ‘t‘ test

(Croxton et al., 1975) to manifest the variation in comparison

with the controls. The variations were represented at three

significance levels, viz. P<0.05, 0.01, 0.001. All the
computations were carried out using a personal computer (Casio fx

- 730P).

2 . 3 RESULTS

2.3.1 Copper (Table 1, Figure, 1)

when 100 ppb copper pre-exposed animals were compared with

the control, significant reduction in oxygen consumption was

noticed at 24 and 72 hr (P<0.001). But at 120 and 168 hr time

period the change in oxygen consumption was not significant. In

200 ppb pre-exposed mussels, reduction in oxygen uptake was
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Figure 1. Rate of oxygen uptake in Lamellidens corrianus exposed

to three sublethal concentrations of copper.



observed at all time periods (P<0.001, 0.001, 0.001 and 0.01)

respectively. Mussels pre—exposed to 400 ppb also exhibited

significant reduction in oxygen consumption at all time periods

(P<0.001, 0.001, 0.05, 0.001).

when the rate of oxygen uptake in 100 and 200 ppb
pre—exposed animals, was compared, significantly higher rate of

oxygen consumption was observed in 200 ppb pre-exposed animals at

72 hr (P<0.05) while at 120 and 168 hr, the 100 ppb pre-exposed

animals had higher rate of oxygen consumption (P<0.05). when 100

and 400 ppb pre-exposed animals were compared, significantly

higher rate of oxygen consumption was observed at 72 hr in 400

ppb pre—exposed animals (P(0.001). When 200 and 400 ppb

pre-exposed mussels were compared, higher value was found at 72

hr in 400 ppb pre-exposed animals (P<0.05).

2.3.2 Mercury (Table 2, Figure 2)

When mussels pre~exposed to mercury were compared with that

of control, lower rate was observed in all the three
concentrations at all time periods (P<0.001).

Comparison of mussels pre-exposed to 75 and 150 ppb showed

significant variation at 24 hr pre-exposure. At 24 hr, 75 ppb
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Figure 2. Rate of oxygen uptake in Lamellidens corrianus exposed

to three sublethal concentrations of mercury
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pre-exposed animals showed higher rate of oxygen consumption

(P<0.001). When 75 and 300 ppb pre—exposed animals were compared,

75 ppb pre—exposed ones showed higher rate of oxygen uptake at 24

and 120 hr (P<0.001). On comparison between 150 and 300 ppb

pre-exposed animals, 150 ppb pre-exposed ones showed
significantly higher values at 24, 72 and 120 hr (P(0.05, 0.05

0.001)

2.3.3. Cadmium (Table 3, Figure 3)

when animals pre—exposed to cadmium werecompared with the

control, lower oxygen uptake rate was shown by all the
experimentals (P<0.001).

When 150 and 300 ppb cadmium pre-exposed mussels were

compared, 150 ppb pre—exposed ones showed higher value at 24 hr

butlower value at 168 hr (P<0.001, 0.01). In a comparison

between 150 and 600 ppb pre-exposed mussels, animals pre-exposed

to 150 ppb showed higher rate at 24, 72 and 120 hr (P<0.001,0.01,

0.05). 300 ppb pre-exposed animals showed higher rate of oxygen

consumption at 120 and 168 hr (P<0.05) when compared with 600 ppb

pre-exposed ones.

2.4 DISCUSSION

Copper exposed animals showed significant reduction in
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oxygen consumption during 24 and 72 hr time period in all the

experimentals. comparatively higher reduction in value was found

at early time periods in 100 ppb exposed animals. However.

towards the later stage of the experiment those exposed to 100

ppb copper reverted to normal level of oxygen uptake. The oxygen

uptake values at higher concentrations were lower at all time

periods. Sublethal concentrations of metals are reported to

either depress or elevate rate of respiration. Copper, zinc, and

silver were found to depress oxygen consumption in Perna viridis

and Meretrix casta (Baby, 1987). Reduction in oxygen consumption

at low concentrations of copper and temporary elevation at medium

concentrations were reported by Mathew and Menon (1983). But

such a feature was not observed in the present study. Reduction

in oxygen uptake under copper stress is amply recorded in

bivalves (Brown and Newell, 1972; Scott and Major, 1972;

Prabhudeva and Menon, 1986). In the case of copper stressed

animals it can be seen that the reduction in oxygen uptake during

24 hr time period was an immediate response to the toxicant. The

retrieval to control level may be related to the detoxification

process taken place in the lower concentration of the toxicant.

It can also be well assumed that damage caused to the gill tissue

was minimum, and hence the retrieval. Increasing copper

concentrations causing increase and decrease in the rate of
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respiration were also reported in barnacles (Bernard and Lane,

1961). Marked changes in oxygen uptake in lower concentrations

of toxicants were reported by Anderson et al. (1974), and

Verriopoulos et al. (1986). The present study has clearly
indicated that the rate of oxygen consumption is seriously
affected in all the concentration tested, and in the lower

concentration as the time period increased, the animal is able

to adjust to the normal conditions, but in higher concentrations,

retrival is never attained.

In mercury exposed animals, rate of oxygen uptake was

drastically reduced at the initial and final periods of the
experiment. The immediate response of the bivalve to a toxicant

is shell closure. Shell closure and resultant reduction in

oxygen uptake are responsible for the drastic decline in oxygen

uptake during the initial period particularly at higher
concentrations. Mercury is found to depress oxygen uptake in

Perna viridis (Baby and Menon,l986 b;Mohan et al., 1986 b). The

reduction in oxygen uptake on prolonged exposure may be due to

gill tissue impairment or due to binding of mercury to mucus

secretion resulting in a faulty gaseous exchange. Depression in

oxygen uptake by mercury is reported in crustaceans (Vernberg and

Vernberg, 1972; Vernberg et al. 1974; Depledge, 1984). Mercury

29



is also found to act as a respiratory depressant in Lamellidens

marginalis (Venkatsubbaia et al., 1984).

As in the case of copper and mercury exposed animals, oxygen

uptake rate in cadmium exposed animals was also drastically

reduced throughout the exposure period. Cadmium has been

reported to be extremely toxic to aquatic forms and that its

toxicity is cumulative (Ray and Coffin, 1977). Mohan et a1.

(1986 a) have found that mercury and cadmium depress the rate of

filtration to a considerable extent. The consistantly low uptake

of oxygen in cadmium exposed animals may be attributed to the

impairment of filtration causing less water to be irrigated over

the gills. The present result is in agreement with the
observation of Radhakrishnaiah (1988) who reported reduction in

oxygen consumption in cadmium stressed mussels. Radhakrishnaiah

(1988) also reported reduction in ciliary beat in the cadmium

exposed freshwater mussels and indicated irrevocable suppression

of oxygen uptake in lethal cadmium concentrations and reversible

suppression in sublethal concentrations. The present observation

is in disagreement with the above report, as no revival in oxygen

uptake was observed. Reduced efficiency of gill tissue exposed to

heavy metals was reported by Jones (1947). Gill tissue damage by

cadmium is also reported by Eisler (1971) and Nimmo et al. (1977)
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Respiratory depression may be due to either valve closure or

direct metabolic effect. A more or less uniform irrevocable

depression in oxygen consumption in cadmium exposed animals

indicates cellular damage of gills and cilia bearing cells.
Similar observations were made by Prabhudeva and Menon (1986) in

Perna viridis subjected to copper stress. Depression in gill

tissue oxygen consumption is reported in crabs subjected to

cadmium and copper toxicity (Thurberg et al., 1973). Oxygen

uptake is very much dependent on the rate of filtration.
Reduction in filtration rate by heavy metal is widely reported

(Reading and Buikema, 1980; Prabhudeva and Menon, 1985; Abraham

et al., 1986). Inhibitory effect of copper, silver, and zinc on

filtration ability of mussels has also been reported (Abel. 1976;

Murthy, 1982; Mathew and Menon, 1984). Rate of filtration and

oxygen consumption are also directly related to valve closure

mechanism. Phillips (1977) suggested that the pollutant itself

might elicit valve closure, thereby decreasing the rate of
filtration.

Reduction in oxygen consumption with increasing
concentration of mercury and cadmium is documented in Perna

viridis (Mohan et al., 1986 b). Oxygen consumption in bivalves

is the product of two factors, ventilation rate, and efficiency
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of gas exchange. Filtration rate, in turn, can be affected by

the frequency of ciliary activity and changes in the level of

gill irrigation (Reddy and Menon, 1979). Reduced filtration rate

under pollutant stress was reported by Epifanio and Srna (1975).

Effect of heavy metals on clearance rate of mussels was worked

out by Abel (1976), Eknath and Menon (1979 b), Mathew and Menon

(1984) and Mohan et al. (1986 b)

Behavioural responses such as frequency of shell closure,

siphonal activity, and rate of gill irrigation influence rate of

oxygen uptake. The toxicant stress that results in the
alteration or modification of any of the above processes can

affect the rate of oxygen consumption (Mathew and Menon, 1983).

Dunning and Major (1974) also opined that oxygen uptake depends

on the rate of movement of water over the gill surface. The

comparatively greater reduction in oxygen consumption in cadmium

exposed animals may be due to the fact that cadmium is depurated

slowly from the body of the animal as suggested by (Viarengo,

1985).

In general all these metals were found to adversely affect

the rate of oxygen uptake.



CHAPTER-III



EFFECT OF HEAVY METALS ON TISSUE GLYCOGEN CONTENT

3.1 INTRODUCTION

In lamellibranch molluscs glycogen is stored in considerable

quantity in certain tissues, while in other tissues it is
insignificant. Mane et al.(1986) conducted biochemical studies on

some freshwater mussels and found that mantle was the most

prominent glycogen storage site. Hepatopancreas and gonad were

also found to have considerable glycogen reserve while gill

contained the least. The glycogen level in mussel tissues is

subjected to seasonal as well as age dependent variation (Madar

and Pora, 1981). Variation in glycogen level also occurs in

aestivating mussels (Sahib et al., 1983). Coasta and Indrasena

(1984) have studied the proximate composition of the freshwater

mussel Lamellidens Iamellatus. Heavy metals are potential

metabolic inhibitors of aquatic as well as terrestrial organisms

as they induce several functional alterations in the animal's

body. Heavy metals, like many other pollutants, cause hypoxia or

anoxia. Hypoxia causes reduction in oxidative metabolism at

mitochondrial level and anoxia or hypoxia causes increase in

carbohydrate consumption (Dezwaan and Zandee, 1972). Moorthy et

al.(19B5), in a study on the glucose metabolism in hepatopancreas

and gill of Lamellidens marginalis exposed to pesticide. found
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increase in lactate content indicating reduced mobilisation of

pyruvate into TCA cycle. Occurrence and significance of various

anaerobic pathways other than glycolysis have been reported in

invertebrates (Hochachka et al., 1973). Alanine and succinate

are found to be the end products of glucose degradation in the

mussel Rangia (Stokes and Awapara, 1968). Badman and Chin (1973)

have worked on the metabolic responses of freshwater mussel

Pleurobema coccineum under anaerobic conditions. Engel et

al.(1972) suggested that toxicants can cause metabolic
alterations in bivalve molluscs leading to an increase in glucose

catabolism concomitantly with a decrease of gluco-neogenesis

flux. In the change from aerobic to anaerobic metabolism in

bivalves, regulation of pyruvate kinase is important (De Vooys,

1980). Wernstedt (1944) studied the metabolism of gill epithelium

of Druissena and found that glycogen disappears from the gill

three times faster under anaerobic condition than under aerobic.

Rao and Chari (1981) reported that bivalve molluscs, in general,

possess high glycogen content, and depend more on glycogen

metabolism. Generally, glycogen and protein are the energy

source in molluscs, but fat may also act as additional source

(Shulman, 1974). High succinic dehydrogenase activity, regarded

as an index of overall glycolytic metabolism by Hammen, (1975),

is reported in Lamellidens corrianus (Rao and Chari, 1981), and
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overall metabolic depression is reported in Lamellidens corrianus

on toxicant exposure (Kulkarni et al., 1984). Metabolic
substrate utilised for catabolism varies in molluscs. Some have

lipid oriented metabolism (Emerson and Duerr, 1967) while others

rely on carbohydrates for energy (Emerson, 1967). Lowering of

tissue glycogen due to heavy metal toxicity is reported in
invertebrates (Garanina, 1984)

Heavy metals have disruptive influence on structural

organisation of gill tissue ( Skidmore and Tovell, 1972; Sunila

and Lindstorm, 1985). Most research on effects of cadmium on

carbohydrate metabolism has been performed in vertebrates (Sporn

et al., 1970; Ithakissios et al., 1974; Singhal et al., 1974).

Shore et al. (1975) in a study on the effect of cadmium in

Limpet, found progressive reduction in glycolytic rate as tissue

cadmium concentration increased. Pollution by heavy metals has

been shown to profoundly affect respiration and carbohydrate

metabolism in molluscs (Mac Innes and Thurberg, 1973; Shore et

al., 1975). The activity of glycogen synthesising enzymes is

inhibited to different extends, depending on the toxicant used

and duration of exposure (Gormosova, 1979). He also observed

that glycogen is intensively utilised and excessive
oligosaccharides are accumulated in mussels when they switch over
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to anaerobic respiration during hypoxic and toxic conditions.

In this chapter results of the study on glycogen content in

tissues of the mussel exposed to heavy metals are reported.

3 . 2 . MATERIAL AND METHODS

Methods of collection of specimens, acclimation and exposure

to toxicants were the same as described in Chapter 2. For each

concentration of each metal as well as control, eight animals
were used.

The supernatant of both the tissue extract (gill and
hepatopancreas) in TCA was taken for the estimation of glycogen.

The tissue glycogen was determined following the method of

Montgomery (1957). To 1ml of the supernatant, 1.2 ml of 95%

ethyl alcohol was added and kept undisturbed overnight in a

refrigerator and then centrifuged at 2500 rpm for 15 minutes.

The supernatant was gently decanted. The precipitate was

dissolved in 2.0 ml distilled water and 0.1 ml of 80% phenol was

added and mixed well. To this 5 ml of conc.sulphuric acid was

added forcefully with a blowout pipette for thorough mixing and

kept for 30 minutes at room temperature. After cooling, the

optical density was read at 490 nm in HITACHI U 2000 UV-VIS
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spectrophotometer and the glycogen present in the tissue extract

was measured from a standard graph using glucose as the

standard. The glycogen present in the extract was expressed as

mg/gm wet wt(glucose equivalents)

3. 3 RESULTS

3.3.1 Copper

3.3.1.1 Gill tissue (Table 4. Figure 4)

Significantly lower values were exhibited by mussels exposed

to varying concentrations of copper at all time periods when

compared with the control values. In 100 ppb exposed animals

significantly lower values were obtained at all sampling periods

(P<0.001,0.001,0.05,and 0.001). At 200 ppb also reduction in

values was highly significant at all time periods, when compared

with the control values (P<0.00l ), while at 400 ppb, reduction

in glycogen values was significant at all time periods (P<0.01,

0.001, 0.001) except at 72 hrs

Mussels exposed to 100 ppb of copper had higher values than

that of mussels exposed to 200 ppb at 120 hr (P<0.00l) but lower

values at 72 hr (P<0.01) than that of those exposed to 400 ppb.

100 ppb exposed mussels had higher value at 120 and 168 hr also
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when conpared with 400 ppb exposure (P<0.01, 0.05). Those exposed

to 200 ppb had lower value at 72 hr (P<0.01) but higher at 168 hr

(P<0.01) than those exposed to 400 ppb.

3.3.1.2 Hepatopancreas tissue (Table 5, Figure 5)

Mussels exposed to 100 and 200 ppb copper showed significant

reduction in glycogen content in the hepatic tissues when

compared with controls (P(0.001) at all time periods. At 400

ppb, also there was significant reduction in values at all time

periods (P<0.001, 0.01, 0.001, 0.001)

When values of 100 ppb exposed mussels were compared with

those of 200 and 400 ppb exposed ones no significant variation

was found between the values of 100 and 200 ppb exposed ones at

any exposure period, while a consistant reduction in values was

observed in 100 ppb exposed ones at all time periods except at

168 hr, when compared with those exposed to 400 ppb (P<0.001,

0.001, 0.001). Those exposed to 400 ppb registered significant

elevation at all time periods, except at 168 hr
(P<0.001,0.001,0.01) when the values were compared with those

exposed to 200 ppb.
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Figure. 5. Hepatopancreas Glycogen (mg glucose/gm wet wt) in

Lamellidens corrianus exposed to three sublethal

concentrations of copper.
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3.3.2 Mercury

3.3.2.1 Gill tissue (Table 6, Figure 6)

Values of mussels exposed to 75 ppb when compared with those

of the control, significantly higher values were found at 24 and

72 hr (P<0.01), but significantly lower value at 168 hr
(P<0.001). At 300 ppb, significant reduction was noticed at 120

and 160 hr (P<0.001, 0.01) while in the remaining exposure

periods no significant variation in glycogen level was observed.

At 150 ppb, significant reduction in glycogen content was
observed at 120 and 168 hr (P<0.001).

Significant elevation in glycogen level was shown by 75 ppb

at 24, 72 and 120 hr (P<0.001, 0.01, 0.001), but reduction at 168

hr (P<0.001), when compared with the values of mussels exposed to

150 ppb. On comparing the values of 75 and 300 ppb exposed ones,

those exposed to 75 ppb had significantly higher values at 24.

72 and 120 hr (P<0.01, 0.001, 0.01) but significantly lower value

at 168 hr (P<0.001). Significantly lower values were shown by

150 ppb exposed ones at 120 and 168 hr (P<0.001) while

significantly higher value was registered at 72 hr (P<0.05) when

compared with the values of those exposed to 300 ppb.
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Figure. 6. Gill Glycogen (mg glucose/gm wet wt) in Lamellidens

corrianus exposed to three sublethal concentrations

of mercury.



3.3.2.2 Hepatopancreas tissue (Table 7, Figure 7)

Significant decrease in value was found in 75 ppb exposed

ones at all time periods (P<0.01, 0.05, 0.05) except at 72 hr

when compared with the control values. But at 150 and 300 ppb,

reduction in glycogen value was significant at all time periods.

At 150 ppb exposure, the levels of significance were P(0.01,

0.001, 0.01,0.001 and at 300 ppb exposure those were P<0.05,

0.05, 0.05, 0.01.

Comparison of values among mussels exposed to different

concentrations showed significant changes in glycogen level at

certain periods only. when values of 75 ppb were compared with

those of 150 and 300 ppb, significant elevation was found in 75

ppb exposed ones at 72 and 168 hr in both cases (P<0.001, 0.001,

0.05). On comparing the values of 150 and 300 ppb exposed ones,

significant change was recorded only at 168 hr (P<0.05).

3.3.3 Cadmium

3.3.3.1 Gill tissue (Table 8, Figure 8)

when the values of cadmium exposed animals were

compared with those of the control, the following pattern

emerged.

An
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Values of 150 ppb cadmium exposed animals when compared

with those of control, significant decrease was observed at 120

and 168 hr (P<0.01, 0.001). Animals exposed to 300 ppb showed

significantly lower values at 24 and 168 hr (P<0.001, 0.05).

Significant reduction in 600 ppb exposed ones was observed at all

time periods when compared with the control values (P<0.001).

On comparing the values of 150 and 300 ppb exposed ones,

significantly higher value was shown by 150 ppb exposed ones at

24 hr (P<0.001) and lower value at 168 hr (P<0.01). On comparing

values of 150 and 600 ppb exposed ones, 150 ppb exposed ones

registered elevated activity at all time periods (P<0.001, 0.001,

0.01,0.001). Those exposed to 300 ppb exhibited significant

elevation at all exposure periods, except at 24 hr, when compared

with the values of 600 ppb exposed ones. The levels of
significance were P<0.001, 0.01, 0.001

3.3.3.2 Hepatopancreas tissue (Table 9, Figure 9)

When glycogen content in hepatopancreas of cadmium exposed

animals was compared with that of the control, the following

changes were observed. —At 150 ppb ,significant reduction was

recorded at all time periods (P<0.01, 0.001 ,0.01, 0.001) and at
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300 and 600 ppb also significant reduction was observed at all

time periods, except 24 hr. At 300 ppb the levels of
significance were P<0.01, 0.01, 0.001 and at 600 ppb they were

P(0.01. 0.001, 0.001

when the values of 150 ppb exposed ones were compared with

those of 300 ppb ,significant reduction in glycogen value was

shown by 150 ppb exposed ones at 24 and 72 hr (P<0.01), but at

168 hr, the value was higher (P<0.001). On comparing the values

of 150 and 600 ppb exposed ones significant reduction in 150

ppb at 24 hr (P<0.001) was found to elevate at 168 hr (P<0.001).

In the other combination ,significant change was noticed only at

160 hr where the 300 ppb exposed ones registered a lower value

(P<0.001) than that of 600 ppb exposed ones.

3.4 DISCUSSION

Glycogen content in the gill tissue of copper exposed

animals showed a general trend of reduction when compared with

the controls. The reduction in glycogen values was found to be

significant at almost all exposure periods.

In the hepatopancreas, glycogen content in the 400 ppb

exposed animals declined slowly and steadily in a time dependent
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manner while in the lower two concentrations, the glycogen

content remained more or less steady during the later exposure

periods, although significantly lower than the control at all

time periods. A drop in glycogen was observed during the

initial period.

Breakdown of glycogen during stress is reported in bivalve

molluscs (Sahib et al., 1983; Moorthy et al., 1985; Mane et al.,

1986; Mohan et al., 1987.). The breakdown of glycogen in both

the tissues may be considered in terms of hypoxia caused by the

metal. Glycogen breakdown during hypoxic condition is widely

reported (De Zwaan et al., 1973; Shaffi, 1978 a; Babu et al.,1985

Lakshmanan and Nambisan, 1985; Sathyanathan et al., 1988).

Shaffi (1978 b) observed increased glycogen breakdown in tissues

of fishes exposed to copper sulphate as a result of hypoxia.

Collip (1920), Dugal (1939). and Beyers and Warwick (1968) have

reported that in the absence of oxygen there is a rapid decrease

in glycogen content, and an increased acidity in the cells.

Glycogen is reported to be the immediate energy source utilised

during stress (Ahamed et al., 1978 Rao and Rao, 1983; Reddy et

al., 1986 a).

The depletion of glycogen in gill and hepatopancreas can be

attributed to the prevailing hypoxic condition. But the
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breakdown of glycogen seems to show an inverse relation with the

concentration of the toxicant. Such an inverse relationship

between concentration of copper and tissue glycogen is reported

by Shaffi (1978 b). The breakdown of glycogen may be due to

suppressed gluconeogenesis or inhibition of glucose
6-phosphatase.

Mohan et al. (1987) observed high lactic acid content in

tissues of Lamellidens marginalis exposed to toxicants and

suggested the emphasis laid on glycolysis on conditions of

stress. The steady level of glycogen during later periods in the

lower concentrations may be due to gluconeogenesis or shift to

aerobic metabolism. A shift towards normal respiratory activity

can be envisaged during the later periods, from the oxygen uptake

study. However, there was no revival in the level of glycogen

even though respiration rate was found approaching control

levels. This may be due to the high energy demand for the

restoration of deranged aerobic metabolic activities. The sharp

decline in glycogen at 168 hour may be attributed to damage

caused to gill tissue resulting in hypoxia at tissue level

Gill glycogen content in the lowest concentration of mercury

exposed animals was significantly higher during 24 and 72 hr time

44



periods, but lower at 168 hr, while in the other two
concentrations it showed a general trend of lower values
specifically at later time periods. In hepatopancreas of
almost all the experimentals, there was a consistant reduction

in glycogen level. Reddy et al. (1986 b) studied the effect of

mercury on freshwater mussel, Parreysia rugosa tissues and

reported that due to inhibition of dehydrogenase activity energy

supply through oxidative pathway decreased. In the present study

also such a condition can be envisaged and a stepped up breakdown

of glycogen to meet the stress is found to be the reason for

decreased glycogen concentration. In the animals exposed to

lowest concentration, increased glycogen level in the gill at

early time periods may be due to glycogenesis. Since damage

caused is less, the glycogen synthesis may not have been
affected. Since hepatopancreas act as a ‘sink’ for metal ions,

impairment caused to metabolic activities is more severe and

hence increased glycogen breakdown occurs to meet the impending

stress. Verma and Tonk (1983) also observed depletion in tissue

glycogen on exposure to mercury. Lakshmanan and Nambisan (1985),

and Satyanathan et a1.(19B8) also have reported glycogen

depletion in bivalves due to mercury toxicity. Lakshmanan and

Nambisan (1985) have reported depletion in glycogen to non

detectable level in Perna viridis following copper and mercury
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exposure. The maintenance of a near steady level of glycogen in

all most all the experimentals though lower. towards the later

periods is suggestive of an alternate pathway of energy
metabolism. Replenishment through gluconeogenesis is also a

possibility. sparing of glycogen after an initial breakdown

under hypoxia is reported by Badman and Chin (1973). Maintenance

of a steady level of glycogen under hypoxic condition is also

reported (Babu et al., 1985). In lamellibranch molluscs lipids

are considered to be a source of energy other than carbohydrates.

on prolonged exposure, the animal utilises free fatty acids as

energy source (Lal et al., 1986). This may also lead to a steady

glycogen concentration (Mane et al., 1986). The significantly

higher level of glycogen in 75 ppb exposed animal's gill tissue

at early time periods may be due to inhibition of glycogenolysis

or that gluconeogenesis and glycogenesis increased to some

extent. It can be assumed that low mercury concentrations

stimulate certain physiological processes while high doses

inhibit the process. Similar observations were made by Grant and

Mehrle (1973).

In general, glycogen levels in both the tissues were
significantly lower in those animals exposed to higher cadmium

concentrations. The decline in glycogen may be due to its



immediate utilisation to withstand stress. In the animals

exposed to lower concentrations, hepatopancreas glycogen

concentration was consistently lower. Husain et al. (1980)

observed increase in blood glucose due to increased breakdown of

hepatic glycogen and activation of glycolytic enzymes following

the administration of manganese. Husain et al. (1980) suggested

that alterations in the level of insulin, cyclic AMP, and
bivalent cations can be responsible for the metal induced
changes. Since cadmium is physiochemically similar to manganese

(Nath and Kumar, 1987), increased glycogen breakdown observed in

the present study can be attributed to the above mentioned

alterations. Nath and Kumar (1987) also observed glycogen

breakdown following cadmium treatment. The stepped up glycolysis

in all the cadmium exposures may also be due to the prevailing

hypoxic condition. During the initial period, in hepatopancreas

of the experimentals at higher concentrations and in gill of

those exposed to lower concentrations, gluconeogenesis or a shift

towards lipid metabolism may be responsible for the almost

steady glycogen level. Pollution by cadmium has been shown to

profoundly affect respiration and carbohydrate metabolism in

molluscs (Mac Innes and Thurberg, 1973 Shore et al., 1975).

Increased blood glucose levels on exposure to cadmium are

reported in fishes (Larsson, 1975). Engel et al. (1972)
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suggested that sublethal doses of toxicants can cause metabolic

alterations with an increase in glucose catabolism concomitantly

with a decrease of gluconeogenic flux in bivalves. Moorthy et

a1.(1985) has reported impaired energy system as a result of

reduced aerobic oxidation of glucose in Lamellidens marginalis

exposed to toxicants.

Since succinate dehydrogenase is an important enzyme in TCA

cycle, with the inhibition of SDH activity, metabolic pathway

might have shifted towards anaerobic side to meet the increased

energy demands due to stress (Radhaiah et al., 1987).

From the results it appears that the animal was geared to a

lowered oxidative and increased glycolytic enzyme activities.

There is a close topographical relationship between endoplasmic

reticulam membrane and glycogen depot and that inhibition of

glucose-6-phosphatase altered endoplasmic reticulam accompanied

by depletion of cellular glycogen (see verma and Tonk. 1983).

Decrease in glycogen may also be due to inactivation of enzymes

involved in carbohydrate synthesis as suggested by Nagabhushanam

and Kulkarni (1981).



CHAPTER-IV



EFFECT OF HEAVY METALS ON TISSUE TOTAL PROTEIN CONTENT

4.1 INTRODUCTION

When metals cross the cell membrane, they react with the

cellular components in different ways. Metals can combine with

different functional groups. Most of the heavy metals can cause

serious impairment in the metabolic as well as physiological
activities of the animals.

The general response of an organism to stress is the
utilisation of nutrient reserves to meet the metabolic
requirements, which gets enhanced above the normal values. This

response to stress can be measured in terms of alteration in the

balance between catabolism of carbohydrates, protein, and lipid

substrates (Bayne et al., 1985). The potentially toxic heavy

metals can be detoxified intra-cellularly by partitioning into

lysosomes ( Moore, 1980) or by binding to protein metallothionein

(Bayne et al., 1985). Metallothioneins are a group of low
molecular weight proteins involved in the binding of metals such

as cadmium, copper, mercury, zinc etc. Protein induction,

defined as an adaptive increase in the number of molecules of a

specific protein or decreased rate of its degradation is a
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possible selective means for regulating levels of specific
protein (Rana and Kumar, 1980). Protein system undergoes

regulation as a result of changes in environmental parameters

(Rana and Kumar, 1980).

High levels of metallothionein are reported in gill tissue

of bivalves (Roesijadi, 1979). The levels of metallothioneins

can be greatly increased, even up to 40 times, on exposure to

heavy metals such as copper, cadmium, mercury, and tin (Winge et

al., 1975; Sabbioni and Marafante, 1975). Cadmium induced

metallothionein is reported in Mercenaria, Mytilus, Cancer,

Carcinus and Littorina species (George, 1982). Viarengo et

al.(1981) reported that when mussels were exposed to lower copper

concentrations for 48 hrs, biosynthesis of copper binding

proteins was stimulated in the gills, digestive gland and mantle.

A number of cadmium binding protein molecules, totally

unlike metallothionein, is reported from invertebrates (Stone and

Overnell, 1985). Harrison et al.(1983) have reported changes in

protein content in Mytilus edulis subjected to copper toxicity,

that are dependent on exposure period and concentration of the

toxicant.

Reduction in protein content as a result of exposure to
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toxicant or stress is widely reported (McLeay and Brown, 1974;

Sakaguchi and Hamaguchi, 1975 Baneerjee and Choudhuri, 1985).

Decrease in protein content in freshwater mussels during heavy

metal as well as pesticide exposure is also reported (Rao et al.,

1980 Reddy and Chari, 1985 Moorthy et al., 1986). Ahamed et

al.(1978) observed reduction in total protein in various tissues

of Lamellidens marginalis under pesticide stress. Metal ions are

known to inactivate protein molecules through non—specific

binding or cross linking of essential side chains and by
promoting irreversible denaturation (Ulmer, 1970)

The development of tolerance to metal ions may be due to the

induction of synthesis of metallothioneins which by preferential

binding, may reduce the extent to which essential metabolic

activities would otherwise be inhibited (Chaterjee and
Bhattacharya, 1986). The induction of hepatic metallothionein is

well documented (Brown and Parsons, 1978; Dixon and Sprague,

1981; Cousins, 1985). Cadmium and copper exposure induced

synthesis of metallothionein in the gills of mussels (Sunila,

1986). Synthesis of protein induced by stress and heavy metals

is also reported by Oh et al.(1978).

This chapter deals with the study of protein content in

tissues of heavy metal exposed mussels.
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4.2 MATERIAL AND METHODS

Methods of collection of specimens, acclimatisation and

exposure to toxicants were the same as described in Chapter. 2.

For each concentration of each metal as well as control,

eight animals were used.

Residue of the tissue (gill and hepatopancreas) extract in

TCA was taken for the estimation of protein. Protein estimation

was carried out following the method of Lowry et al.(l951).

The precipitated protein was dissolved in 1ml of 0.1N Naofl. From

this 0.5 ml of the sample was pipetted into another test tube and

made up to 1 ml with distilled water. After thorough mixing, 5

ml. of alkaline copper reagent was added and mixed well. After

10 minutes, 0.5 ml of Po1in's phenol reagent was added and mixed

well. The optical density of the sample was determined
spectrophotometrically at 500 nm, after 45 minutes. Bovine serum

albumin (Sigma) was used as the standard. The concentration of

protein is expressed as mg protein/gm. wet weight of tissue.

4.3 RESULTS

4.3.1 Copper
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4.3.1.1 Gill tissue (Table 10, Figure 10)

when the gill protein content of 100 ppb copper exposed

animals was compared with that of the control, significantly

lower value was obtained in 100 ppb exposed animals at 24 hr

(P<0.05). But at 120 and 168 hr post-exposure, the protein

values were significantly higher than those of the controls

(P<0.001). In 200 ppb exposed animals also significantly lower

value was obtained at 24 hr (P(0.01), but significantly higher

values at 120 and 168 hrs (P<0.001). In 400 ppb exposed mussels

at 72 and 120 hr, increase in protein values was noted when the

values were compared with the controls (P< 0.01, 0.001)

When the total protein values in animals exposed to varying

concentrations of copper were compared the following picture

emerged. Comparison of protein content between 100 ppb and 200

ppb exposed animals showed lower value in 100 ppb exposed animals

at 72 hr (P<0.01). At 120 hr 100 ppb exposed animals showed

higher protein value than that of 200 ppb exposed ones (P<0.001).

when values of 100 ppb and 400 ppb exposed animals were compared,

initial periods of exposure brought about significant reduction

in protein content (P<0.05, 0.001) while later periods of

exposure brought about elevation in 100 ppb exposed animals
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(P<0.05). On comparing values in 200 ppb and 400 ppb exposed

animals, lower values were shown by 200 ppb exposed mussels at 24

and 72 hr (P<0.01) but higher at 168 hr (P<0.05).

4.3.1.2 Hepatopancreas tissue (Table 11, Figure 11)

The 100 ppb copper-exposed animals had significantly lower

protein value at 24 hr (P<0.01), but at 120 hr,the protein value

wassignificantly higher than those of the controls (P<0.001). In

200 ppb exposed animals, significantly lower values were observed

at 24 and 72 hr time periods (P<0.001, 0.01) while significantly

higher value was found at 120 hr (P<0.001). Significantly lower

values at 24 and 168 hr (P<0.05, 0.01), but significantly higher

value at 72 hr (P<0.001) were found in 400 ppb exposed animals

when compared with the control values.

when values in 100 ppb exposed animals were compared with

those in 200 ppb exposed ones, significantly higher value was

found at 168 hr (P<0.05) in 100 ppb exposed animals. When values

in 100 and 400 ppb exposed animals were compared, significantly

lower value was shown at 72 hr (P<0.001) but higher values at 120

and 168 hr post exposure in 100 ppb exposed animals (P<0.001.

0.01). when values in animals exposed to 200 and 400 ppb were

compared, significantly lower values were found at 24 and 72 hr

54



Hoo.omm... .Ho.owm.. .mo.ovmp "Ho>mH mucmofluflcmfl

emm.¢e-oo~.mm ¢om.mo-oen.mm ~»m.om:mm~.mm ocm.o¢-mmm.~m emcmm

oom.~ o~o.oH mo».n He~.e cm H uomomxm.. mn~.Hq moo.m¢ ...mm¢.ae . omo.oe o=~m> cam: no new co

m m m m Z

moH.¢m-o~m.H~ m~m.mo-mme.~o won.om-e~o.o~ emm.om-owo.m~ omcmm oomomxomma.oH «pa.» mmm.m mom.m om « uommoo
mmo.~e «cc mmm.an «« anfl.om «ac m~¢.om o=~m> cmmm uo nmm co

m m w m 2

mm¢.oo-~mm.mm mmo.o¢-mom.ow mmo.~o-mmo.o~ c~m.nq-»-.mH omcmm uomomxo~¢m.od nmm.m maa.aH ¢oo.m cm H uwmmoo
em¢.~m «¢« mmm.mn mom.m¢ cu ¢¢m.¢m o=_m> cmom mo nmm co

m m m m zmme.~m-oom.o¢ m¢m.nm-~mm.mm ~Hm.oo-a¢m.Hm emn.oe-¢mH.~¢ omcmm

~¢m.m qmm.o oo~.~ ~a~.o mm H Houuco

¢mw.m¢ mmo.n¢ mme.m¢ HHe.m¢ w:~w> cmmma m o m zmofl cad an em muse:

uommoo mo MCOMUGHHCQOCOU Hmcumfinsm moan» ou uwmomxm

mscmauuoo mcovwmaoemq cw .u3 um: Emxcawuoum me. camuoum “much mmmuocmmoummom .aa wunm



no protoln/gm V0! V1
100

80 "

60 r /
4° ' i{/t__’:// \\:"
20 L0 I Ié IO 48 96 144 192

Tlmo (ha)

—‘— Control —*— 100 ppb —*“ 200 ppb -9- 400 ppb

Figure. 11. Hepatopancreas Total Protein (mg protein/gm wet wt)

in Lamellidens corrianus exposed to three sublethal

concentrations of copper



(P<0.01, 0.001) but significantly higher value at 120 hr
(P<0.001) in 200 ppb exposed mussels.

4.3.2 Mercury

4.3.2.1 Gill tissue (Table 12, Figure 12)

when values in 75 ppb mercury exposed animals were compared

with those of the controls, significant increase was observed

only at 168 hr (P<0.05). But in 150 ppb exposed animals

significantly higher values were obtained at 24, 120 and 168 hr

when compared with the controls (P<0.01, 0.01, 0.001). In 300

ppb mercury exposed animals significantly lower protein value at

168 hr (P<0.05), but significantly higher value at 24 hr (P<0.01)

were observed.

On comparing protein content in 75 and 150 ppb exposed

animals, significantly lower values were found in 75 ppb exposed

ones at 24 and 168 hr (P<0.0l, 0.05). During the remaining

exposure periods, no significant change was noticed. On
comparison of values in 75 and 300 ppb exposed mussels,

significantly lower value at 24 hr (P<0.01) but significantly

higher values at 72 and 168 hr (P<0.05) were found in 75 ppb

exposed ones. Those exposed to 150 ppb had significantly higher

value at 168 hr (P<0.001), when compared to the values in 300 ppb
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exposed animals.

4.3.2.2 Hepatopancreas tissue (Table 13, Figure 13)

when values in mercury exposed animals were compared with

those of the controls, significant variation was observed at 24

hr in 75 ppb exposed animals and at 168 hr in 150 ppb exposed

ones. In 75 ppb exposed animals lower value was found at 24 hr

(P<0.05) and in 150 ppb exposed ones at 168 hr (P<0.01). But in

those exposed to 300 ppb, significantly lower values were
observed at 72 and 168 hr (P<0.01. 0.001). Values in the rest of

the exposure periods did not show any significant change.

On comparison of values in 75 and 150 ppb exposed mussels, no

significant change was observed during any of the exposure

periods. On comparison of values in 75 and 300 ppb, and between

150-300 ppb exposed mussels, significantly lower value was shown

by 300 ppb exposed animals at 72 and 168 hr (P<0.001). Values at

other exposure periods did not show any significant variation.

4.3.3 Cadmium

4.3.3.1 Gill tissue (Table 14, Figure 14)

when values in 150 ppb cadmium exposed animals were compared

with those of controls, significantly lower value was found in
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150 ppb exposed ones at 24 hr (P<0.05) but significantly higher

value at 72 hr (P<0.05). In 300 ppb cadmium exposed animals,

total protein in gill tissue was significantly higher only at

120 hr when compared with the controls (P<0.01). In 600 ppb

exposed mussels, the significantly higher value at 120 hr

(P<0.01) got reduced significantly by 168 hr (P<0.001).
Significant reduction was found at 72 hr time period also

(P<0.05). But the initial exposure period did not produce any

significant change.

On comparison of values in 150-300 ppb exposed animals,

significantly lower value was found at 120 hr (P<0.001) and

significantly higher value at 168 hr (P<0.05) in 150 ppb. When

values in 150 ppb exposed animals were compared with those in 600

ppb exposed ones, significantly lower values at 24 and 120 hr

(P<0.05 and 0.001), but higher at 72 and 168 hr were found in 150

ppb (P(0.001) exposed ones. When values in animals exposed to

300 ppb and 600 ppb were compared. significantly higher values

were found in 300 ppb exposed ones at 72 and 168 hr (P<0.01).

During the remaining time periods no significant change was

observed.

4.3.3.2 Hepatopancreas tissue (Table 15, Figure 15)
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when values in cadmium exposed animals were compared with

those of the controls, significantly lower values were found at

120 and 168 hr (P<0.01, 0.001) while higher value was found at 72

hr (P<0.05) in 150 ppb exposed animals. In 300 ppb exposed

animals, significantly lower value was found at 24 hr (P<0.01)

but higher value at 120 hr (P<0.001). In animals exposed to 600

ppb, significantly lower values were found at 24 and 168 hr

(P<0.01, 0.001)

On comparison between values in animals exposed to 150 and

300 ppb, significantly higher value at 72 hr (P<0.001) but

lower values at 120 and 168 hr exposure periods (P<0.001) were

observed in 150 ppb exposed animals. when values in 150 ppb

exposed animals were compared with those of 600 ppb exposed ones,

significantly higher value was found in 150 ppb exposed ones

(P<0.05) at 72 hr but lower at 168 hr (P<0.001). On comparison

between values in 300 and 600 ppb exposed mussels, 300 ppb

exposed ones showed significantly higher values at 120 and 168 hr

(P<0.001). No significant change was observed in values at 24

and 72 hr exposure periods.

4.4 DISCUSSION

Total protein content in gills of animals exposed to the
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lower two concentrations of copper was significantly low at 24

hr time period, and high at 120 and 168 hrs. Towards later

periods (ie: 120 and 168 hr) there was a general trend of
increase in protein level from the level seen at early time

periods.

The initial decrease in protein content can be attributed to

the increased proteolytic activity. The elevation in
transaminase activity observed during the same period suggests

the replenishment of amino acid pool. Decrease in total protein

is also reported by Ahamed et al.(1978) in Lamellidens marginalis

subjected to pesticide toxicity. Decline in total protein
content during stress is reported by Bhaskar et a1.(1982) in gill

of fish. Bhaskar et al.(1982) also observed differences in

soluble and structural fractions of protein. After the initial

decline, the protein level was found to get elevated and reached

a peak at 120 hr in all the concentrations. This increase may be

due to enhanced protein biosynthesis in the tissue. Ammonia

formed during stress may be converted to glutamine and stored in

the tissue to be utilised for aminoacid and protein syntheses

(Rao et al., 1981). Since glutamate based ammonia production is

suggested in tissues of Lamellidens species during stress (Mohan

et al., 1987) the increased protein content in the present study
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may possibly be due to the above reason. The low protein content

in the early phase of exposure may again be due to the
utilisation of the protein synthesised during the earlier hours,

ie. before 24 hrs. Proteolysis at structural level of
organisation of gill is reported in freshwater fish Tilapia
mossambica under stress (Bhaskar et al., 1982).

In the hepatopancreas, the pattern of protein concentration

is more or less similar to that of gill. Here also during the

initial period protein content wasat a low profile. Unlike
gill, in hepatopancreas, the decline in protein value may be due

to the mobilisation of protein to other parts of the body as

indicated by Viarengo et al.(l982). Hepatopancreas also showed

a general trend of increase in protein level in a time dependent

manner up to 120 hr. The maximum protein concentration was

observed at 120 hr post exposure in 100 and 200 ppb, while in 400

ppb post exposure, the maximum value was found at 72 hr. The

significant elevation in protein level may be due to augmented

protein biosynthesis early at higher concentration and a little

later in the other two. Heavy metal induction of metallothionein

is widely reported inmolluscs (Roesijadi, 1980; Viarengo et al..

1980, 1981). Since hepatopancreas plays an important role in

detoxication, the increased protein content may be indicative of
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the synthesis of metallothionein. Moreover, the pattern of

increase, ie. earlier in highest concentration and later in low

concentration, is also suggestive of the induction of
metallothionein in relation to metal concentration. Hepatic

protein induction in copper exposed mussels is reported by

Katticaran (1988). After the detoxication of metals, the protein

synthesis declines, and the declining trend observed during 168

hr may be indicative of completion or near completion
of detoxication. Chaterjee and Bhattacharya, (1986) observed

increase in hepatic protein during early period and decline

towards the later period of exposure. However, they also found

that the protein content of the experimentals did not reach the

control level.

Gill protein profile of mercury exposed animal tissue is

very much different from that of copper exposed mussels. The

initial decrease in protein (though insignificant) in low
concentration suggests their possible degradation due to
increased proteolytic activity. Decrease in protein content

during stress is reported in freshwater mussel (Ahamed et al.,

1978). A relatively high GPT activity during the same period

further substantiates the possibility of increased proteolysis
which in turn could contribute to the increase in amino acids to
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be fed into the TCA cycle as keto acids. The increase in protein

contentmay be due to decreased proteolytic activity or increased

protein synthesis. The decreased and increased levels of protein

suggest the possibility that in low concentration the degradation

of protein exceeds protein synthesis where as in higher
concentration, the synthesis exceeds degradation as indicated by

Rao et al.(1987). Similar inverse relation between concentration

and protein level was reported by Baktavalhsalam and Reddy

(1984). Baktavalhsalam and Reddy (1984) suggested that the

energy demand was high in lower concentration than in higher

concentration of the toxicant. During other periods, protein

concentration in the animals exposed to lower two concentrations

remained more or less steady, possibly due to the activation of

synthetic phase of protein metabolism. But in the highest
concentration, protein synthetic mechanism seemed to get affected

by prolonged exposure, as evident from the value at 168

hr,probably due to structural damage inflicted on the tissue.
Damage to gill tissue on toxicant exposure is reported ( Daughtie

and Rao, 1984 Sunila and Lindstorm, 1985) The trend of

elevation of GPT and ACP activity in gill in 300 ppb exposure

during the same period, further strengthen the possibility of

tissue damage.
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Protein concentration in the hepatopancreas showed lower

value early in low concentration but late in higher
concentrations. The variation in protein level may be due to the

alteration in general metabolism (Gilbertson et al., 1967). The

general trend of decline in protein level in 150 and 300 ppb

exposed ones at later time period, as well as during the early

period in lower concentration may be attributed to impairment of

protein synthetic mechanisms. Cellular degradation by mercury

with increase in exposure duration is documented (Hilmy et al.,

1981). The reduction in protein content may also be due to

inhibition of uptake of amino acids into polypeptide chain or by

decreasing the rate of degradation of protein in the tissue
(Baneerjee and Choudhuri, 1985), or due to the possible
utilisation of these compounds for metabolic purposes. A

significant increase in hepatic protein and free amino acids was

observed by Rao et a1.(1980) in L. marginalis on exposure to

toxicants. Rao et al-(1980) suggested that the increase may be

due to the possible diversion of the system towards the synthetic

phase to face the augmented stress condition. Due to increased

stress in higher concentration as well as prolonged exposure, the

protein synthetic mechanism is further affected and deranged.

Viarengo et al.(1980) reported that cadmium, mercury, and copper

reduce protein synthesis not only by reducing RNA synthesis, but
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by influencing attachment to rough endoplasmic reticulum or by

damaging the ribosomes.

In cadmium exposed mussels, protein content in gill tissue

showed a peculiar pattern. During the initial period, protein

content in 150 ppb exposed animals was significantly lower than

that of control, while in those exposed to higher concentrations,

no significant change was observed at this period. But from 72

hr post exposure onwards, protein concentration in 150 and 600

ppb exposed mussels showed an inverse relation. At 72 hr post

exposure, when significantly high protein level was found at 150

ppb, the protein in 300 ppb exposed animals was low. Similarly,

during 120 hr, protein content in 600 ppb exposed mussels was

significantly high while in those exposed to 150 ppb was low. In

300 ppb exposed animals significant change in protein content

occurred only at 120 hr after which the protein concentration

reached the control level. The significantly low protein content

during early time period in 150 ppb exposed animals may be due to

increased proteolysis for gluconeogenesis in order to combat

stress. Decrease in protein content during stress is reported

(McLeay and Brown, 1970). But the protein concentration was

found to be recouped during the subsequent exposure period. In

600 ppb exposed animals, the significantly high value during 120
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hr may be due to increased synthesis of metallothionein. The

decline in value during later period suggest detoxification. The

nonsynchronised pattern of protein concentration may be due to

the overall impairment of metabolic activity. The variation may

also be due to alteration in RNA precursor uptake (Gilbertson and

Michelson, 1969).

The decrease in total protein content in the hepatopancreas

during the initial period may be attributed to increased
proteolytic activity as in the case of copper and mercury exposed

mussels. After the non significant initial decline, protein
content rose in 150 ppb exposed mussels at 72 hr probably due to

the induction of metallothionein. According to De Bruin (1976)

the defect in protein synthesis is due to altered relationship

between the ribosomes and membranes of endoplasmic reticulum. A

biphasic effect of cadmium chloride on hepatic metallothionein

synthesis is reported in fish (Chaterjee and Bhattacharya, 1986).

Augmented protein level in 300 ppb exposed animals at 120 hr also

suggests the probable involvement of metallothionein.
Metallothionein synthesis is well documented for cadmium and

copper in mussels (Noel-Lambot, 1976; Phillips.1976 a; 1976 b

Viarengo et al., 1980, 1981, 1985; Langston and Zhou, 1987). At

600 ppb, it appears, the synthesis was also affected.
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The inductable nature of metallothionein may exert a

protective function against the cytotoxic effects of heavy metal

(Piscator, 1964). Binding of metals to such protein may account

for the apparent tolerance of the organism to a high metal

concentration, although there may be a threshold level beyond

which the animal cannot metabolically contain the excess metal.



CHAPTER-V



EFFECT OF HEAVY METALS ON THE ACTIVITY PATTERN OF TISSUE

PHOSPBATASES

5.1. INTRODUCTION

Many xenobiotics enter the environment through the activity

of man, and are accumulated in different organisms. Molluscs,

especially bivalves, are found to rapidly accumulate various

organic and inorganic toxicants in their tissues. The existence

and functioning of detoxification system have been considered to

be of great significance recently, and changes in the levels of

enzyme activities or in the total content of the enzymes are

considered as specific indicators of stress (Bayne et al., 1979;

Lee et al., 1980; Moore, 1985). It is also known that many

xenobiotics cause cell injury by reacting primarily with
biological membranes or membrane components (Moore, 1985)

Changes in enzyme activity levels are of diagnostic value in

various pathological conditions particularly in mammals. But in

bivalves very little information is available in this respect.

Although studies on physiological and biochemical responses to

toxicants are extensively carried out in mammals, such studies

have not been an integral part of aquatic toxicology (Mehr1e and
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Mayer, 1978) Metals can combine with enzymes in many ways.

Binding of metals at remote location on the enzyme molecule will

influence the activity which could range from activation to

complete inhibition (Jackim et al., 1970). Toxicant
concentration, exposure periods, temperature, salinity etc. are

factors which greatly influence enzyme activity.

Copper is found to affect respiratory enzymes, and enzymes

related to the excretion of metals (Hubschmann, 1967). The

principal reaction of mercury involves binding of thiols and

formation of stable mercaptides (Hughes, 1957). Alteration in

cell membranes brought about by binding of mercury to sulfydryl

groups could stimulate membrane turn over and production of

hydrolytic enzyme (Arstila and Trump, 1968). Mercury is also

shown to inhibit enzymes of Kreb's cycle (Yoshino et al., 1966),

reducing levels of ATP which could decrease extrusion of

hydrolytic enzymes from cells and there by causing increased

activity of acid phosphatase (ACP) in lysosomal mitochondrial

fraction (Hinton and Koenig, 1975). Cadmium is also found to

inhibit enzymatic and metabolic activities (Jackim et al., 1970)‘

Lysosomal membrane is often the target of injury by

xenobiotics, resulting in destabilisation. The destabilised
membrane allows release of lysosomal hydrolytic enzymes into the
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cytoplasm and extra cellular environment (Moore and Stebbing,

1976).

Lysosomes, a store house of about three dozen hydrolytic

enzymes are found to sequester many anthropogenic substances and

play an important role in their bio-accumulation (Dingle and

Fell, 1969). Many of the molluscan cell types are rich in
lysosomes. They are involved in intracellular digestion.
storage, excretion, resorption, cell proliferation, and immune

mechanisms (Summer, 1969; Owen, 1972; Moore et al., 1978 a; 1978

b; Cheng, 1983). A variety of environmental stressers and

pollutants, including heavy metals are found to affect the

lysosomal structure resulting in labilisation and subsequent

release of hydrolytic enzyme into the cytoplasm. Many heavy

metals such as cadmium, zinc, iron etc. have been demonstrated to

be lysosomal inclusions in many bivalve cells (Lowe and Moore,

1979; George, 1983 a).

Lysosomes and cell membrane are the first target of

xenobiotics as lysosomes are concerned with the disintegration of

foreign bodies, and cell membrane is the first barrier to a

pollutant. If the lysosomal membrane is made unstable, the

enzymes will be released into the cytoplasm. Thus, monitoring of



alteration of lysosomal latency and acid hydrolase activity is

found to be an index of pollution (Moore and Stebbing, 1976).

Phosphatases are metal requiring enzymes whose activity may get

modified by added cations.

Acid and Alkaline phosphatases (ACP and ALP) are groups of

enzymes that hydrolase phosphomonoesters in a relatively

non-specific manner with optimum activity in the acidic and

alkaline regions, respectively. Acid phosphatase is a lysosomal

marker enzyme and is reported to be a good stress indicator in

biological systems. Xenobiotics can cause injury to lysosomes

which later release the hydrolytic enzyme leading to cell
atrophy. This type of injury resulting in destabilisation of

lysosomal membrane bears a quantitative relationship to the

magnitude of stress response (Bayne et al., 1979, 1982).
Alkaline phosphatase is a plasma membrane bound enzyme involved

in membrane transport and other intra cellular functions. It is

a purported zinc metalloenzyme (Reynolds and Schlesinger, 1969).

A variety of metals including copper and zinc are involved

structurally in the formation of metallo-enzymes in molluscs.

Alkaline phosphatase is one among these enzymes (George and

Coombs. 1975). Liver ALP exists at least in two forms in rats

and humans (Unnakami et al., 1987), which are different in heat
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stability, chemical inhibition etc. Kominami et al. (1984)

showed that rat liver ALP exists as confirmationally different

forms in the serum and liver membrane. Polymeric forms of ALP

are also found to exist in molluscs (Pricipato et al., 1982)

ACP and ALP are enzymes concerned with the bio-synthesis of

fibrous protein (Johnson and McMinn, 1958) and
mucopolysaccharides (Kroon, 1952), or they may serve as regulator

of intracellular phosphatase concentration (Gutman, 1959). They

play an active role in the dissolution of dead cells.
Stimulation or inhibition of these enzymes will result in the
disturbance of metabolism.

Martin and Field (1934), Monod(1944), Allen and Price

(1950), and Gupta et al. (1975) have observed the diverse effects

of various toxicants on the activity of various hydrolytic and

oxidative enzymes of different organisms. Hinton et al. (L973)

studied the effect of mercuric chloride intoxication in channel

eat fish and observed marked changes in ACP and ALP in liver.

According to Hinton et al. (1973). mercuric chloride inhibits ACP

and ALP activity. Lysosomal membranes are adversely affected by

mercury, resulting in the release of acid hydrolytic enzymes into

the cytoplasm (Verity and Reith, 1967). Inhibitory effect of

mercury is also quoted by Chavapil et al. (1972). Increased acid



and alkaline phosphatase activity is reported in Lamellidens

marginalis on post exposure to pesticides (Babu and Vasudev,

1984). The accumulation of a wide range of metals in lysosomes

and their effect on enzymes have been reviewed by Sternlieb and

Goldfischer (1976). The marine mussel Mytilus edulis is reported

to accumulate very high levels of metals in the tertiary
lysosomes of kidney (George et al., 1976; Schulz~Baldes, 1978).

Tertiary lysosomes can accumulate large amounts of metals in

hepatopancreas and excretory tissues (George, 1982).
Invertebrates are able to excrete these bodies by exocytosis.

Such observations are reported in gills of Mytilus edulis (George

et al., 1976), hepatopancreas of Carcinusnmenus(Hopkins and Noh,

1980), and kidney of Mytilus edulis (George and Pirie, 1980)*

Many molluscan cells are rich in lysosomes. The
cytoplasmic granules in ameboid cells of Mytilus edulis are

found to accumulate iron and lead (Moore and Lowe, 1977). The

secretory cells of kidney in Mytilus edulis are shown to contain

zinc and iron in lysosomes (George et al., 1976). In a study on

the effect of mercury and selenium on blood clam, Anadara granosa

Chandy and Patel (1985) observed an increase in the activity of

acid phosphatase and aryl sulphatase. Mercury has been
demonstrated as a lysosomal inclusion in rat liver, leading to an
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increase in the quantity of lysosomes (Koenig, 1963). This

increase in the availability of hydrolytic enzymes enables the

system to metabolise and sequester the metal ion in a non—toxic

form.

Increase in acid hydrolases due to toxicant intoxication is

characteristic of tissue damage and is used for measuring hepatic

toxicity (Tietz, 1970). In a study on the effect of Sumithion on

a freshwater crab, Reddy et al. (1984) observed increase in AC?

activity in all the exposed animals after 24 hrs. Lysosomal

hydrolases are thought to contribute to the degradation of

damaged cells and thus facilitate their replacement by normal

tissue (De Duve, 1963). ACP and ALP are stated to show an

increase in activity under various pathological conditions

(Lutner, 1975). Vijayakumari et al. (1978) working on the effect

of scorpion venom on guinea pig found that the maximum enzyme

activity was in blood serum. Phosphatases are quickly
transported to the serum from the liver, where they are
synthesised. Suresh and Mohandas (1990) observed a high level of

ACP in the hemolymph of Sunetta scripts exposed to 1 ppm copper,

and a lower value at higher concentration. Many xenobiotics are

known to cause lysosomal destabilisation (Moore and Lowe, 1985)

leading to the release of hydrolases into the cytosol. Cadmium,
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a common aquatic pollutant, is found to be accumulated in large

amounts in the gills (Carpene and George, 1980), and digestive

diverticula (George and Coombs, 1977) of bivalves.

Hilmy et al. (1985) suggested that sensitivity of enzyme to

cadmium varied in different tissues without obeying any rule and

suggested the difference in tissue enzyme sensitivity may be

related to the ability of the compound to alter the cellular

membrane configuration by binding with lipid protein of membrane

and thus blocking the movement of substances by active transport.

Loomis and Lippman (1948), and Kelly and Syrett (1964) have

pointed out that dinitrophenol prevents the orderly formation of

energy—rich compounds prior to the synthesis of ATP, thus acting

as uncoupling agents that hinder phosphorylation that normally

accompanies oxidation. Excess toxicant is also found to injure

the mitochondrial system, thus blocking the enzyme action (Simon,

1953). In the hydroid, Campanularia flexuosa, release of
lysosomal hydrolases is involved in cytotoxic response of copper,

cadmium and mercury (Moore, 1977). Such mechanism may be

involved in the kidney secretory cells and digestive cells of

Mytilus edulis (Lowe and Moore, 1979).

At the sub cellular levels, lysosomes are found to play an
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important role in the detoxification of many trace metals through

binding and sequestration (Moore, 1980). The monitoring of

alteration in lysosomal latency and acid hydrolase activity has

been suggested as an index of pollution (Moore and Stebbing,

1976; Lowe and Moore, 1979). Yager and Harry (1964) reported

that the permeability of surface epithelial membrane was

disrupted and as a result copper uptake was lowered in snails.

The lysosomes play a fundamental role in homoeostasis as well as

in the detoxification of metals in the digestive gland of copper

exposed mussels (Viarengo et al., 1985). In Mytilus edulis

concentration dependent labilisation of lysosomes was observed on

exposure to copper (Harrison and Berger, 1982). Suresh and

Mohandas (1990) have reported increased ACP activity in copper

stressed bivalves during early time periods and indicated that it

may be due to destabilisation of the lysosomal membrane resulting

in the release of enzyme into the haemolymph.

Sastry and Gupta (1987) reported the adverse effect of

mercury on aerobic and anaerobic metabolism by inhibiting the

activities of hexokinase glucose-6-phosphatase, lactate de

hydrogenase and succinic dehydrogenase in fishes. The inhibitory

effect of enzyme activity may be due to direct binding of mercury

and other heavy metals with the enzyme protein (Passow et al.,
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1961), or due to decrease in enzyme synthesis (Blackwood et al..

1965). Dalela et al. (1980) studied the effect of sublethal

concentration of phenol and phenolic compounds on hepatic ACP and

ALP and found significant inhibition. Saxena et al. (1982), in a

study on the effect of vegetable oil factory effluent on Channa

punctatus, reported significant decline in enzyme activity in

liver and kidney.

Within a single species the cellular enzyme content may vary

with physiological conditions. For example, humans with
bacterial infection have elevated ALP level, while those with

viral infection have normal or below normal enzyme activity

(Kaplaw, 1973). ALP are a group of membrane associated enzymes

of low substrate specificity which hydrolases a variety of

organic monophosphate esters. The enzymes are present in many

tissues, and isoenzymes of bone, liver, and intestine are thought

to give rise to ALP normally present in circulation (kaplan,
1972).

The activity of the enzyme and the lysosomal latency are

dependent on the physiochemical nature of habitat which in turn

is influenced by pollution (Patel and Patel, 1985). Patel and

Patel (1985) also observed that change in ACP activity may be
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caused by some alteration in the properties of enzymes or their

inactivtion due to a drop in the bio—availabi1ity of metallic

enzyme activators. Onikieno (1963), and Bhatia et al. (1972)

observed an increase in serum ACP and ALP in rats due to liver

damage when exposed to pesticides. Increased levels of
phosphatases in serum of Mystusvittatuswere reported to be due

to degeneration of live cells by the toxic action of pesticides

which induced the production of hepatic microsomal enzymes that

subsequently came into the blood (Verma et al., 1984). ALP is

reported to be involved in protein synthesis (Pilo et al., 1972).

synthesis of certain enzymes (Summer, 1965), secretory activity

(Ibrahim et al., 1974), and glycogen metabolism (Gupta and Rao,

1974). The activation or inhibition of ALP could be indicative

of disturbance in the above processes. Naurigal and Singh (1985)

observed in Puntius chilinoides that ALP activity increased in

ovaries during the maturing phase indicating that during this

period, synthesis of new protein takes place as ALP is involved

in protein synthesis.. Undoubtedly, degradative damage to

functional physiological modules within a cell will eventually

have wide ranging effects on the integration of cellular, tissue.

and ultimately whole organism's physiological processes (Bayne et

al., 1985).
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Alkaline phosphatase was selected for the present study

because they are metal requring enzymes, traces of added cations

might displace or affect the metal containing moiety and modify

enzyme activity. Acid phosphatase, being a lysosomal enzyme,

plays an important role in mineral metabolism and metal
detoxification, and hence it was selected. In this chapter are

included results of the study on the effects of heavy metals on

the activity pattern of these two phosphatases in gill and
hepatopancreas of L. corrianus.

5.2 MATERIAL AND METHODS

Methods of collection of specimens, acclimatisation and

exposure to toxicants were the same as described in Chapter 2.

For each concentration of each metal as well as the controls,

eight animals were used.

The control and the experimental animals were sacrificed at

the end of the test period and the gill and hepatopancreas were

removed immediately. After rinsing in chilled glass double

distilled water, tissues were accurately weighed and homogenised

separately, using a Potter-Eivehfen type homogeniser. A 5%

homogenate of each of the two tissue samples wasprepared for the

present study. The homogenates were then centrifuged at 15,000
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rpm at 4°C for 15 minutes. The supernatant thus obtained was the

source for the estimation of activities of selected enzymes and

protein concentration. The supernatant was kept frozen and

analysed for enzyme activity within 2-3 hours after preparation.

The tissue extract was kept frozen till incubation.

5.2.1 Assay of Acid phosphatase activity

Acid phosphatase activity was determined by employing the

method described in Sigma Technical Bulletin No. 104 with slight

modification (Annon, 1963) To 1 ml of (0.1 M) frozen citrate

buffer of pH 4.2, 0.1 ml of enzyme extract was added. To this

buffer enzyme mixture, 0.1 ml of substrate containing 2.0 mg of P

— Nitrophenyl phosphate sodium salt (Merck) in 0.1 ml of
distilled water was added and incubated for 60 minutes at 37 :

0.05°C. After the incubation, the reaction was stopped by adding

2ml of 0.25 N NaoH. P— Nitro-phenyl phosphate was hydrolysed to P

— Nitrophenol by the enzyme during the incubation period. The

yellow colour developed in the alkaline medium was read

spectrophotometrically at 410 nm. The concentration of

P-Nitrophenol formed was calculated from the standard graph.

Simultaneously, the protein content of the extract was also

estimated by Lowry's method, (1951). From this p moles of
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P-Nitrophenol liberated /mg. protein / hour was calculated.

5.2.2 Assay of Alkaline phosphatase activity

Alkaline phosphatase activity was determined according to

the method described in Sigma Technical Bulletin No.104 with

slight modifications (Annon, 1963). To study the enzyme

activity, 0.05 M glycine-NaoH buffer of pH 9.0 and 9.4 was used

for gill and hepatopancreas extracts, respectively. To lml of

frozen buffer, 0.1 ml of extract was added. To this buffer

enzyme mixture, 0.1 ml of substrate (2.0mg of P-Nitrophenyl

phosphate sodium salt (Merck) in 0.1 ml distilled water) was

added and incubated in a water bath for 60 minutes, at 37 :
0.05°C. After incubation the reaction was stopped by adding 2 ml

of 0.25 N NaoH. The yellow colour developed was read at 410 nm.

For alkaline phosphatase also protein content of the extract was

estimated by Lowry's method (1951). From this ,u moles of

P-Nitrophenol liberated was calculated. and the enzyme activity

is expressed as R moles P-Nitrophenol liberated/mg protein/hour.
5 . 3 RESULTS

5.3.1. Acid phosphatase activity (ACP activity)

5.3.1.1 Copper

5.3.1.1.1 Gill tissue (Table 16, Figure 16)
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three sublethal concentrations of copper.



Significant increase in gill ACP activity was found in clams

exposed to 100 ppb copper at 24 hr post-exposure, when compared

with the activity in the controls (P<0.001). Animals exposed to

100 ppb showed an increase in activity also at 120 hr (P<0.01).

But in the remaining exposure periods, no significant change in

activity was observed.In 200 ppb copper exposed animals, enzyme

activity was significantly higher at all time periods (P<0.001)

except at 168 hr. Significant elevation in activity was found at

24, 72, and 168 hr post—exposure in 400 ppb exposed animals

(P<0.001) when compared with the controls. At 120 hr post

exposure also significant increase in activity (P (0.05) was

observed in 400 ppb exposed animals when compared with control.

A decrease in activity depending upon the period of exposure was

obvious in 400 ppb exposed animals.

At 72 and 120 hr post-exposure, reduction in activity was

observed in 100 ppb exposed animals when compared with the

activity in 200 ppb exposed ones(P(0.001,0.01). The reduction in

activity at 168 hr post-exposure in 100 ppb exposed animals was

not significant. At 24 hr post-exposure, elevation in activity

in 100 ppb exposed animals was significant (P(0.01) when

compared with the activity in those exposed to 200 ppb.
Significant decrease in activity at 72 and 168 hr post-exposure
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(P<0.00l) but significant elevation in activity at 24 hr time

period (P (0.05) were observed in 100 ppb exposed animals when

compared with the values in those exposed to 400 ppb. When the

activity levels in mussels exposed to 200 and 400 ppb were

compared, significantly higher activity at 168 hr (P<0.001), but

significantly lower activity at 120 hr (P<0.05) were observed in

400 ppb exposed mussels.

5.3.1.1.2. Hepatopancreas tissue (Table 17, Figure 17)

Comparison of enzyme activity in the hepatopancreas of

copper exposed animals with that of the controls, exhibited the

following pattern. Enzyme activity was significantly lower in

100 ppb exposed animals at all time periods (P(0.01,0.001, 0.001)

except at 120 hr when compared with the control values. In 200

ppb exposed animals, reduction in enzyme activity was significant

at all time periods except at 24 hr post-exposure (P<0.001,

0.05, 0.001). In 400 ppb exposed mussels, enzyme activity showed

no significant change when compared with the control values.

At 24, 72, and 168 hr post-exposure, 100 ppb exposed animals

showed significant reduction in activity (P<0.01, 0.05, 0.05)

when compared with the activities in 200 ppb exposed animals.

The reduction in activity in 100 ppb exposed animals at the above

time periods was also significant when compared with the activity
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protein/hour) in Lamellidens corrianus exposed to

three sublethal concentrations of copper.



levels in 400 ppb exposed animals (P<0.05, 0.001,0.001). At 72

and 168 hr post exposure, significantly higher values were

observed in 400 ppb exposed mussels (P(0.01) when compared with

those of 200 ppb exposed animals.

5.3.1.2 Mercury

5.3.1.2.1 Gill tissue (Table 18, Figure 18)

Mussels exposed to 75 ppb mercury showed elevation in

activity at 24 and 72 hr post-exposure (P<0.001, 0.01) but

reduction in activity at 120 hr (P<0.05) when compared with the

control values. When the activity levels in 150 ppb exposed

animals were compared with those in the controls, enzyme activity

was significantly higher at 72 and 168 hr post-exposure
(P<0.001). Enzyme activity in 300 ppb exposed animals was

significantly higher at 72 and 168 hr post exposure (P<0.05,

0.01) when compared with the controls.

Comparison of values among mussels exposed to different

concentrations revealed a dose dependent decrease in activity at

24 hr post—exposure. Animals exposed to 75 ppb registered marked

reduction in activity at 72, 120 and 168 hr post exposure
(P<0.01, 0.001, 0.001) when compared with the activity in 150 ppb

exposed animals, but showed elevation in activity at 24 hr

post-exposure (P<O.D01). Comparison of values in mussels exposed
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to 75 and 300 ppb mercury showed significantly higher activity at

24 hr (P<0.001) but lower activity at 168 hr (P< 0.01) in 75 ppb

exposed animals. Consistantly higher values were found in 150

ppb exposed animals when compared with the values in those

exposed to 300 ppb (P<0.05, 0.001 0.05, 0.01).

5.3.l.2.2 Hepatopancreas tissue (Table 19, Figure 19)

Significantly higher hepatic ACP activity at 24 hr
post-exposure (P<0.001) but lower activity at 120 hr
post—exposure(P<0.001) were noticed in 75 ppb exposed animals

when compared with the controls. But in 150 ppb exposed animals,

significant reduction in enzyme activity was registered at 72 hr

post—exposure (P<0.001) when compared with the control activity.

At 300 ppb, significantly higher value was noticed at 72 hr

(P<0.01) when compared with control.

On comparing the values of 75 and 150 ppb exposed animals.

significantly higher value in 75 ppb exposed ones at 24 hr and 72

hr post-exposure (P<0.001), but significantly lower value at

120hr post—exposure (P<0.001) were observed. Significant

reduction in activity was observed at all exposure periods except

at 24 hr in 75 ppb exposed animals when compared with the

activity in 300 ppb exposed mussels (P< 0.001, 0.001, 0.01). At

24 hr post-exposure. the enzyme activity at 75 ppb was higher
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Figure 19. Hepatopancreas Acid Phosphatase activity (p moles/mg

protein/hour) in Lamellidens corrianus exposed to

three sublethal concentrations of mercury»



(P<0.001). Significantly lower activity was observed in 150 ppb

exposed animals at 72 hr when compared with the activity in 300

ppb exposed ones (P<0.001). No significant change was observed

in the remaining exposure periods.

5.3.1.3 Cadmium

5.3.1.3.1 Gill tissue (Table 20, Figure 20)

In 150 ppb exposed mussels, no significant change in

activity was observed at any exposure period when compared with

the controls. When 300 ppb exposed animals were compared with

the controls, significantly higher values were found in the

experimentals at all exposure periods (P<0.05, 0.01, 0.001,

0.001). Animals exposed to 600 ppb showed higher values at 24

and 72 hr post-exposure (P<0.001) when compared with the

controls.

On comparison between 150 and 300 ppb exposed animals,

enzyme activity in 150 ppb was consistantly low at all time

periods (P<0.01, 0.001, 0.001, 0.001). Comparison between 150

and 600 ppb exposed animals also showed a similar pattern except

at 168 hr (P<0.001, 0.001, 0.05). At 168 hr post-exposure,

change in activity was not significant. When values in 300 ppb

exposed animals were compared with those of 600 ppb exposed ones,

higher values were found at 24 and 72 hr (P<0.001, 0.05) but
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Figure 20. Gill Acid Phosphatase activity (p moles/mg
protein/hour) in Lamellidens corrianus exposed to

three sublethal concentrations of cadmium.



lower at 168 hr (P(0.01) in 600 ppb exposed animals.

5.3.1.3.2 Hepatopancreas tissue (Table 21, Figure 21)

when the enzyme activity in hepatopancreas of 150 ppb

exposed animals were compared with those of the controls,

significant decrease was observed at 24, 120 and 168 hr
post—exposure (P<0.05). Significantly higher enzyme activity was

observed at 120 hr in 300 ppb exposed animals (P<0.001) and at 24

and 120 hr in 600 ppb exposed ones (P<0.001, 0.05) when compared

with controls. At 168 hr post—exposure in 600 ppb, the enzyme

activity was lower than that of the control (P<0.001). A dose

dependant increase in activity was observed at 24 and 72 hr

post-exposure in all the exposed animals.

Animals exposed to 150 ppb on comparison with those exposed

to 300 ppb showed significantly lower values at 24 and 120 hr (P

(0.001). Significant reduction in activity was also observed in

150 ppb exposed animals at 24 and 120 hr (P<0.001), but elevation

at 168 hr (P<0.001) when compared with the activities in 600 ppb

exposed animals. when values of 300 ppb exposed animals were

compared with those of 600 ppb exposed ones, significantly lower

value was found at 24 hr (P<0.001). However, at 120 and 168 hr

post- exposure, significant elevation in activity was observed
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Figure 21. Hepatopancreas Acid Phosphatase activity (p moles/mg

protein/hour) in Lamellidens corrianus exposed to

three sublethal concentrations of cadmium.



in 300 ppb exposed animals (P<0.01, 0.001).

5.3.2 Alkaline phosphatase activity (ALP activity)

5.3.2.1 Copper

5.3.2.1.1 Gill tissue (Table 22, Figure 22)

Significantly lower enzyme activity was found in 100 ppb

exposed animals at 72 and 168 hr post-exposure (P(0.01, 0.001)

when compared with the control values and in 200 ppb exposed

animals, at 168 hr post-exposure (P<0.001). Comparison of values

of 400 ppb exposed mussels with those of the controls showed

significant reduction at 120 and 168 hr post-exposure (P<0.001,

0. 001).

Mussels exposed to 100 ppb copper had significantly lower

values than those of mussels exposed to 200 ppb at 72 and 168 hr

(P<0.001, 0.05), and again at 72 and 168 hr post-exposure

(P<0.001) when compared with those of mussels exposed to 400 ppb.

But at 120 hr post-exposure 100 ppb exposed animals showed higher

enzyme activity (P<0.001) than those of mussels exposed to 400

ppb. Those animals exposed to 200 ppb copper had higher value at

120 hr (P<0.001) but lower value at 168 hr (P<0.05) when compared

with the values of 400 ppb exposed animals.

S.3.2.1.2 Hepatopancreas tissue (Table 23, Figure 23)
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Figure 22. G111 Alkaline Phosphatase activity (A moles/mg

protein/hour) in Lamellidens corrianus exposed to

three sublethal concentrations of copper.
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exposed to three sublethal concentrations of

copper.



ALP activity in the hepatopancreas of 100 ppb exposed

mussels was significantly lower at 24, 72, and 168 hr (P (0.01,

0.05, 0.001) when compared with the controls. Animals exposed to

200 ppb showed consistantly lower activity at all exposure

periods (P<0.05 ,0.01,0.05 0.001) when compared with the

controls. Values of 400 ppb exposed animals also were
significantly lower than those of the controls at 24 and 120 hr

(P<0.01,0.05) but significantly higher at 168 hr post-exposure

(P<0.05) when compared with the controls.

Mussels exposed to 100 ppb had higher value at 120 hr
(P<0.01) but lower value at 168 hr (P<0.01) than those of mussels

exposed to 200 ppb. They also had lower value at 168 hr (P<0.01)

but higher values at 24 and 120 hrs (P<0.01) than those exposed

to 400 ppb. Comparison of values between 200 and 400 ppb exposed

animals showed higher value in 400 ppb at 72 and 168 hr (P<0.05,

0.001) but lower value at 24 hr post-exposure (P<0.001).

5.3.2.2 Mercury

5.3.2.2.1 Gill tissue (Table 24, Figure 24)

Significantly higher values were exhibited by mussels

exposed to 75 ppb at 24 hr (P<0.001) but lower value at 120 hr
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Figure 24. Gill Alkaline Phosphatase activity (A moles/mg

protein/hour) in Lamellidens corrianus exposed to

three sublethal concentrations of mercury.



post-exposure (P<0.01) when compared with the controls. In 150

ppb exposed animals, significantly higher enzyme activity was

observed at 24 and 72 hr time periods (P<0.001) when compared

with the controls. Animals exposed to 300 ppb showed significant

variation in activity only at 120 hr when compared with the

controls. They showed lower value (P<0.001) at 120 hr
post-exposure.

when values of 75 ppb exposed mussels were compared with

those of 150 ppb exposed ones, higher values were noticed at 72

and 120 hr (P<0.001) but lower value at 24 hr (P<0.001) in 150

ppb exposed mussels. On comparison between values in mussels

exposed to 75 ppb and 300 ppb copper, significantly higher value

was shown by 75 ppb at 24 and 120 hr post-exposure (P<0.001,

0.01) but significantly lower value at 168 hr post-exposure

(P<0.0S). On comparing values of 150 ppb and 300 ppb exposed

mussels, significantly higher values were found at 24, 72 and 120

hrs (P(0.001) but significantly lower value at 168 hr in 150 ppb

exposed ones (P<0.05).

5.3.2.2.2 Hepatopancreas tissue (Table 25, Figure 25)

Comparison of enzyme activity in the hepatopancreas of the

mussels exposed to different concentrations with that of the
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controls revealed the following pattern. Animals exposed to 75

ppb showed higher enzyme activity at 24, 72 and 168 hr (P<0.01,

0.05, 0.001) when compared with the controls. In 150 ppb exposed

mussels, significantly higher values were obtained at 24, 120 and

168 hr (P<0.001) but significantly lower value at 72 hr time

period (P<0.01). When 300 ppb exposed animals were compared with

the controls, significant elevation in activity was observed at

24 and 72 hr (P<0.001. 0.01).

Animals exposed to 75 ppb mercury had higher value at 72 hr

(P(0.01) but lower value at 120 hr (P<0.001) than the values in

those exposed to 150 ppb. But 75 ppb exposed animals had higher

value also at 168 hr (P<0.001) when compared with that of mussels

exposed to 300 ppb. On comparison between 150 and 300 ppb

exposed animals, 150 ppb showed significantly lower value at 72

hr (P<0.01) but significantly higher value at 168 hr (P<0.001).

5.3.2.3 Cadmium

5.3.2.3.1 Gill tissue (Table 26, Figure 26)

When the enzyme activity in the gill tissue of cadmium

exposed animals was compared with that of the controls, the

following pattern was observed.Significantly lower values were

shown by 150 ppb exposed mussels at all exposure periods

(P<0.001. 0.05, 0.001, 0.01). Enzyme activity in 300 ppb
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exposed mussels did not show any statistically significant

variation at any of the exposure periods. In 600 ppb exposed

animals, significantly higher values were obtained at 24 and 72

hr time periods (P<0.00l) but significantly lower values at 120

and 168 hr (P<0.05, 0.01)

Mussels exposed to 150 ppb cadmium showed lower values at

all time periods (P<0.00l, 0.05, 0.001,0.0l) when compared with

the values in 300 ppb exposed animals. When values in 150 ppb

exposed animals were compared with those exposed to 600 ppb,

significantly higher value was noticed in the latter at 24 and 72

hr (P<0.001). Animals exposed to 300 ppb showed higher values at

120 and 168 hrs (P<0.05) butlower values at 24 and 72 hrs

(P<0.001) when compared with the values in 600 ppb exposed

animals.

5.3.2.3.2 Hepatopancreas tissue (Table 27, Figure 27)

150 ppb exposed animals exhibited significantly higher value

at 24 hr post-exposure (P<0.05), but significantly lower value at

72 and 120 hr (P<0.01, 0.001) when compared with controls.

Enzyme activity in 300 ppb exposed animals was higher at 24 and

120 hr (P<0.001) but lower at 72 hr (P<0.001) than those of the

controls. But in 600 ppb exposed animals. significantly higher

91



Hoo.ovm... Ho.ovm.. ma.ovm. H Ho>oH mo:moHuH:mHm

oHmo.o-m~mo.c nmoe.o-mem~.o mnoH.o-mecH.o emmo.o-memm.c omcmm uomomxomooo.o HmoH.a ~e~o.o nomH.c cm H e=Hsumo

... m»¢o.o ... mwum.o mnmH.o .. ~m~m.o o=Hm> coo: Ho emu ace

m m m m m

~mnH.o-maoH.o onm~.c-~emH.o oa~H.o-mooo.c mmmm.o-~am~.c mmcmm womomxoH~oo.o mmHa.o -Ho.c ~emo.o om H esHeumo

-nH.o ... mmo~.o ... mHHH.o ... mmom.o esHm> caom no nmm com

a o o m z

m¢¢H.o-mcmo.o HooH.o-momc.o mmoH.e-Ho¢o.o ¢mmm.o-~mmH.o omcmm vomomxmnnmo.o moHo.o ~H~o.o ~emo.o cm H e=Heumo

mmeH.o ... Homo.o .. ma~H.o . mmn~.o m:Hm> zoom we saw cmfl

m m m m zm~H~.o-mH~H.o aomH.o-m¢mH.o osm~.o-mmmH.o nnn~.o-mmmH.o omcmm

~Hmo.o omHo.a mm~o.o nmoc.o cm H HoHH:oo

HomH.o maqH.o oowH.o nmmH.o mafia» cam:m c m m zmoH and an em mHso=

Efidfifimv mo mcoaumuucmocoo Hmngoansm owns» on vwmomxo

nusozxcfimuoum mfixmaoe 1 . mu«>wuo¢ mmmuwnmmosm ocammxufi mmmuocmmoummwm .n~ wanna

mscmwuuoo wcwmva. .—. .m0EM.H CH



0.4

0.3

0.2

0.1

Figure

ALP nctlvlty (}.l fnolulmg proiolnlhr)

1 1 '0 48 96 144 192
Tlmo(hra)

—- Control -4-150 ppb 4- 300 crab + 600 pub

27. Hepatopancreas Alkaline Phosphatase activity (p
moles/mg protein/hour) in Lamellidens corrianus

exposed to three sublethal concentrations of
cadmium.



values were noticed at 24 and 120 hr (P< 0.01, 0.001) but lower

value at 168 hr post-exposure (P< 0.001)

On comparison between values of 150 ppb and 300 ppb exposed

animals, lower values were found in mussels exposed to 150 ppb at

24 and 120 hrs (P<0.001). when values in 150 ppb exposed animals

were compared with those in 600 ppb exposed ones, lower values

were found in 150 ppb exposed animals at 72 and 120 hr (P<0.05,

0.001) but higher at 168 hr post-exposure (P< 0.001). Values in

animals exposed to 300 ppb on comparison with those exposed to

600 ppb showed lower activity at 24, 72, and 120 hr (P<0.001) but

higher activity at 168hr (P<0.001).

5.4 DISCUSSION

ACP activity in the gill tissue of copper exposed animals

showed significant elevation in all the three concentrations at

24 hr time period. In 100 ppb exposed animals, ACP activity

exhibited further elevation at 120 hr which subsequently got

normalised. In 200 ppb and 400 ppb exposed ones, though enzyme

activity showed time dependent reduction, the activity was higher

than the normal.

Acid phosphatase is a hydrolytic enzyme which can be
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activated by a number of stress conditions. The enhanced

activity in all the experimentals can be attributed to
hypersynthesis of the enzyme. Increase in ACP activity is

reported in Lamellidens marginalis following pesticide exposure

(Babu and Vasudev, 1984), in the gills of the clam Protothaca

staminia following copper exposure (Roesijadi, 1980), and in the

haemolymph of the clams Sunetta scripta and Villorita cyprinoides

var.cochinensis on copper exposure (Suresh and Mohandas, 1990).

The elevation in activity in 100 ppb exposed animals during 120

hr may be due to the fact that the enzyme released during the

early period is insufficient to detoxify the metal ions, and

therefore there is subsequent hypersynthesis of the enzyme. The

consistantly higher enzyme activity observed in the two higher

concentrations may also be attributed to the same phenomenon.

Higher ACP activity persisting for longer period is observed by

Reddy (1986a)in crab tissue. Presence of metal ion causes

increased availability of lysosomal acid hydrolases to metabolise

and sequester the metals in a non—toxic form (Chandy and Patel,

1985). with the beginning of recovery, the enzyme activity

started declining and approached control level. The higher

enzyme activity in 100 ppb exposed mussels at 24 hr, when

compared with the other two concentration exposures, may be due

to the fact that the hypersynthesized enzyme is not immediately
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made use of and is reflected as increased enzyme activity at the

early period as suggested by Suresh (1988). In 400 ppb exposed

mussels, the recovery was much more delayed when compared to the

other exposures as is evident from the elevated enzyme level even

at 168 hr post-exposure as a result of hypersynthesis. A general

trend of enhanced enzyme activity in gill tissue has been
attributed also to extensive tissue damage as it is in direct
contact with the toxicant (Couch, 1977; Dalela et al., 1979:
Sunila, 1986).

In the hepatopancreas, the enzyme activity in 200 ppb

exposed animals did not show significant variation from the

control level during the early time period. But in mussels

exposed to 400 ppb, non significant change was observed.

However, during the later periods there was significant drop in

enzyme activity in the two lower concentrations. Significant

inhibition in hepatic ACP activity is reported (Saleem and
Alikhan, 1974; Dalela et al., 1980; Saxena et al., 1982). In the

hepatopancreas, the copper ion might have inhibited enzyme

synthesis by binding with the enzyme protein. The general trend

of increased inhibition of enzyme activity can be attributed to

the failure of protein synthesis. A generally low ALP activity

also supports this argument. Inhibition of protein synthesis on

exposure to toxicants is widely reported (Murthy and Devi, 1982;
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Ramalingam and Ramalingam, 1982). The overall depression in

phosphatase activity can also be attributed to the injury
elicited to the mitochondrial system. Copper toxicity due to the

reactivity of the metal with mitochondria is reported in snails

(Babu and Rao, 1982). Hwang et a1.(1972) has shown that copper

binds to the protein binding sites of the mitochondrial membrane

resulting in changes in permeability and activation of energy

linked ion movements. In the present study in 400 ppb exposed

mussels, the enzyme activity in general was found to get
elevated during the exposure period though not statistically

significant. This elevation in activity may be due to the
labilisation of lysosomes by the toxicant which gets accumulated

with prolonged exposure resulting in increased enzyme release

into the cytosol.

Among mercury exposed animals, significant elevation in

gill ACP activity was observed in 75 ppb exposed ones during the

initial period, while in those exposed to higher concentrations,

the enzyme activity at this period was found to be normal. In

150 ppb exposed animals, elevation in enzyme activity occurred at

72 hr post-exposure which remained significantly elevated at 168

hr. From the pattern of enzyme activity, it can be assumed that

peak enzyme activity in these mussels may be a slightly delayed

response to the toxicant. Xenobiotics are known to induce
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alteration in the bounding membrane of the lysosomes leading to

destabilisation (Moore and Lowe, 1985), and subsequent release

of hydrolases into the cytosol (Moore, 1976). When the metal ion

concentration is low, hypersynthesised enzyme is not immediately

inactivated by the metal ion and this was reflected in the

increased enzyme activity in 75 ppb exposed mussels at early time

periods while in higher concentrations not only hypersynthesised

enzyme is not inactivated by the higher metal ion concentration,

the activity is extended. Suresh and Mohandas (1990) have

reported similar observations. Since the hypersynthesised enzyme

was sufficient enough to detoxify the metal at early time

periods, it was not sufficient by 120 hr. Later, it is presumed,

the animal could stabilize, and hence the activity became normal.

As the concentrations of metal increased, there appear to be

lysosomal destabilisation also resulting in increased release of

the enzyme. The higher activity of the enzyme during the later

periods might also be indicative of the increased damage elicited

on the lysosomal system. Alterations in cell membrane brought

about by binding of mercury to sulphydril groups could stimulate

membrane turn over and also hydrolytic enzyme production (Arstila

and Trump, 1961).

In hepatopancreas, the enzyme activity during the initial
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period was more or less similar to that of the gill tissue. In

this tissue also, significant elevation in activity was observed

in 75 ppb exposed mussels, while in those exposed to other two

concentrations, the activity was found to be normal during the

initial period. As in the case of gill tissue, in hepatopancreas

also hypersynthesis of enzyme might have occurred at an early

period (before 24 hrs) in the animals exposed to the higher

concentrations and hence not detected early. Since
hypersynthesized enzyme in lower concentration exposure is not

immediately inactivated by the metal ion, it was reflected as

increased enzyme activity in 75 ppb exposed animals. Similar

observation was documented by Suresh and Mohandas (1990).

Although the hypersynthesized enzyme during the early time period

was enough to detoxify the metal for some time there was time

dependent decline in activity in 75 ppb exposed animals which

ultimately, however, was found to attain the control level. In

300 ppb exposed animals, there was a subsequent elevation in

activity at 72 hr after which the enzyme activity normalised.

This enhancement in activity may probably be to detoxify the

excess metal ion that gets accumulated by prolonged exposure.

The increased enzyme activity may also be due to increased

synthesis, decreased removal, or both. The decline in activity

in 150 ppb exposed animals at 72 hr can not be explained in this
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context. However, it is possible that the hypersynthesized

enzyme of early time periods is not sufficient to detoxify the

metal at 72 hr post - exposure and there was no further synthesis

but the animal, however, stabilises at later time periods.
Yoshino and Cheng (1976) have suggested that lysosomes represent

a chemically heterogenous population or that there is a non

synchronised chemical cycle occurring with in the granules.

Thus, the discrepancy observed in enzyme activity in the present

study can be attributed to the chemically heterogenous population

of lysosomes. Similar observations are reported by Suresh and

Mohandas (1990) in copper exposed clams.

ACP activity in the gill tissue of mussels exposed to the

lower concentrations of cadmium was not much affected by the

metal. This may be due to the detoxication and consequent

removal of the metal ion before they could damage the lysosomes.

In mussels exposed to 300 ppb there was increase in enzyme

activity at all time periods which can be attributed to
hypersynthesis of the enzyme at early time periods, which was

more than sufficient to detoxify the metal even by 168 hrs. But

in mussels exposed to 600 ppb of cadmium, the hypersynthesized

enzyme was just sufficient to detoxify the metal by 168 hrs and

hence no significant fluctuation in activity was observed beyond
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72 hrs. Since the release of ACP is associated with tissue

damage and lysosomal destabilisation, the increased activity

observed in the present case may also be due to tissue damage

caused by the higher concentration.

sin‘: 72>.-9; 5/4-6 4-‘-aw 59%
F'\

In hepatopancreas lower cadmium

significant reduction in ACP activity.

ppb, there was a significant elevation at 24 hr. This elevation

in activity can again be considered as an indication of hepatic

injury. Many environmental factors can alter the properties of

the lysosomal membrane, resulting in the release of its contents

(Lowe and Moore, 1979). This has been demonstrated in Mytilus

(Moore, 1977). Increase in lysosomal activity in injured cell

occurs as part of pre-necrotic change (Nevicoffe, 1961).
Elevation in ACP activity has also been attributed to increased

hystocytic reaction resulting from pollution (Sastry and Gupta,

1978). As is evident from the graph, the peak in activity is

found to be dose dependent as well as time dependent. Elevation

in activity in 300 ppb exposed mussels could be expected at a

much later period also. In animals exposed to the lower
concentration, the significant reduction in activity of the

enzyme may be due to inhibition of activity by the low metal

concentration. In animals exposed to higher metal concentration,
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the metal ion concentration in the lysosomes get elevated and

thereby crosses the threshold level, liberating the hydrolytic

enzymes into the cytoplasm, resulting in enhanced activity. The

significant drop in activity in 600 ppb exposed animals towards

the later period is attributed to the leakage of the enzyme into

the haemolymph following tissue damage, or inhibition of enzyme

synthesis.

Gill alkaline phosphatase activity in copper exposed mussels

was found not to be affected during the initial period.
Alkaline phosphatase is believed to be associated with the plasma

membrane and endoplasmic reticulum (Davison and Gregson, 1965;

Hart and Fouts, 1965). ALP is involved in membrane transport,

carbohydrate metabolism etc. Jackim et al. (1970) has observed

stimulation of both ACP and ALP in liver of animals exposed to

lower copper concentrations. Increase in ALP is reported by Babu

and Vasudev (1984) in Lamellidens marginalis. The time dependent

decrease in activity observed in mussels exposed to all the three

concentrations may be due to increased inhibition of enzyme

activity. According to Hilmy et al. (1981) diminished enzyme

activity occurs when the metal conjugates are formed with the

enzyme. Sharp decline in activity towards the later periods can

be attributed to the leakage of enzyme into the haemolymph



following tissue damage.

The generally low enzyme activity in hepatopancreas can be

due to the inhibition of protein synthesis. The binding affinity

of heavy metal ion and protein is generally intense (Hilmy et

al., 1981). The metal ion may also cause injury to mitochondrial

system which markedly blocks the action of enzyme. Since the ACP

activity was also found to be at a low profile, inhibition of

protein synthesis is a strong possibility. Byczkowski and

Boryszwicz (1976) reported that copper affects the mitochondrial

membrane permeability. Copper also causes changes in
mitochondrial membrane affecting passive permeability of anions,

activation of energy linked ion movements, uncoupling, and

changes in rate of respiration (Hwang et al., 1972). The
significantly low enzyme activity in gill tissue when compared

with hepatopancreas could be attributed to heavy localised tissue

damage. Damage to gill tissue following toxicant exposure is

reported (Sunila, 1986). Moreover, the acidic condition
prevailing in gill tissue as a result of shift in metabolism also

explains the above finding.

The ALP activity in the gill tissue of 75 and 150 ppb

mercury exposed mussels was significantly high during the 24 hr



time period. The peak in enzyme activity in animals exposed to

the lower concentrations was found to be time dependent. Mercury

is reported to stimulate phosphatase activity at lower
concentration and inhibit it at higher concentration exposure

(Jackim et al.,1970). In the present study also, higher
concentration of mercury was found to inhibit enzyme activity,

while lower concentration was found to stimulate it. However,

enzyme activity in the lower concentration exposure was found to

get inhibited by prolonged exposure, probably due to the
formation of metal protein conjugants. Inhibition of ALP

activity in gill tissue is reported (Hilmy et a1., 1987,
Plaveux 1977). Decrease in mercury toxicity due to replacement

of Mg++ by mercury and subsequent release of nontoxic Mg++is

reported by Hilmy et al-(1981). The normalisation of enzyme

activity in the present study may also be associated with the

above finding. The variation in enzyme activity in 150 ppb

exposed animals may be attributed to the existence of polymorphic

forms of ALP (Carpene and Wyne, 1986). In the hepatopancreas,

the enzyme activity in all the exposed animals was significantly

high during the initial period. Increase in ALP activity
following the release of the rich supply of the enzyme in the

digestive gland as a result of tissue damage is reported (Muller,

1965). The generally high activity of both phosphatases suggest
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tissue damage. The time dependent decrease in activity observed

in animals exposed to the higher concentration may be attributed

to the slow but steady inhibition of ALP synthesis by mercury.

Such slow inhibition of enzyme activity is reported (Hilmy et

al., 1981). Alternatively, the decline in enzyme activity may

also be due to inactivation of the metal ion and recovery of the

tissue. Alteration brought about by different environmental

factors resulting in the release of enzyme is demonstrated in

Mytilus (Moore et al., 1978 a). This type of alteration could

possibly result in the mobilisation and retoxication of
previously immobilised metal ions (Lowe and Moore, 1979). This

phenomenon explains the sudden elevation in enzyme activity

observed at certain time periods.

Cadmium is reported to cause inhibition of ALP activity in

gill tissue of fishes (Plaveux, 1977; Hilmy et al., 1981). The

low enzyme activity in 150 ppb exposed mussels may be due to the

inhibitory nature of cadmium. Cadmium inhibition suggests the

substitution of active centre Zn by cadmium and producing a less

active enzyme (Coleman and Gettings, 1983). The time dependent

decline in activity in the higher concentration may also be

attributed to the inhibition of enzyme activity.

In the hepatopancreas, the enzyme activity in all the three



exposures was significantly elevated at early time period
suggesting the release of the enzyme into the cytoplasm.

Stimulation of ALP activity on exposure to pesticides is reported

by Babu and Vasudev (1976) and suggested that increase in ALP is

due to increased uptake of certain metabolites. But Jackim et

al. (1970), and Hilmy et al. (1985) reported that cadmium

inhibits enzyme synthesis in fish tissue. The relative decrease

in enzyme activity in the lower concentration exposure may

perhaps be due to the inhibition of enzyme protein as metal

conjugates with the protein molecule. It can be presumed that in

lower concentration exposure the metal only brings derangement of

metabolic activities by binding to the protein molecule and that

the activity of the enzyme is restored at a later period as a

result of detoxification. But in 600 ppb exposed mussels, very

high peak in activity at 120 hr suggests tissue damage and

liberation of the enzyme into the cytosol. The sharp decline in

activity at 168 hr indicates inhibition of the enzyme synthesis.

Rise in serum ALP following cadmium treatment is reported (Hilmy

et al., 1985).

Results of the present study show differential tissue enzyme

sensitivity to metals. Similar observations are made by Wells et

al.(1974), Verma et al. (1978), and Hilmy et al. (1985). This
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may be associated with the ability of the metal to alter the

cellular membrane configuration by binding with lipid protein of

membrane and thus block movement of substances by active

transport (Hilmy et al., 1985). The different effects of metal

ion on tissue could also be related to the different role that
the same metal plays in the biochemistry of lipid peroxidation, a

process that represents central point in the alteration of
lysosomal physiology (Viarengo et al., 1985). The inhibition of

acid and alkaline phosphatase activity may also be caused by

uncoupling of oxidative phosphorylation as reported by Loomis and

Lipman (1948), Simon (1953), and Gallagher and Rees (1960), or

due to oxidation accompanied by phosphorylation. The observed

inconsistency in phosphatase activity may be associated with the

heterogenous population of lysosomes as well as polymeric forms

of alkaline phosphatase. Interaction with regulators or
cofactors could also be accounted for the activation or

inhibition of enzyme activity. The biphasic response of
phosphatase observed during certain time periods could be due to

initial induction followed by direct inhibition, as the toxic

cation increases in tissue. The normalisation of enzyme activity

during prolonged exposure in general, shows that in spite of the

early derangement and impairment of metabolic activity, the

animal seems to have the necessary compensating mechanism to

combat the adverse effect of the toxicant.



CHAPTER-VI



EFFECT OF HEAVY METALS ON THE ACTIVITY PATTERN OF TISSUE

TRANSAMINASES

6.1 INTRODUCTION

Although the study of changes in enzyme activity is an

important aspect of mammalian toxicology, very little information

is available regarding the effect of toxicants in molluscs.

Study of enzymatic activities is an important tool to get an

insight into the mechanism of metal poisoning.

Aminotransferases are of great significance in protein

metabolism by virtue of their ability to synthesise and degrade

amino acids. Transamination serves as a pathway of conversion of

alpha-ketoacids to L-aminoacids and as an alternate means of

replenishing pyruvate pool. Glutamate Oxaloacetate Tranaminase

(GOT) or Aspartate Aminotransferase (AAT, E.C.2.6.1.1), and

Glutamate Pyruvate Transaminase (GPT) or Alanine Aminotransferase

(ALAT, E.C. 2.6.1.2.) are two widely investigated transaminases.

Alanine and aspartate aminotransferases serve as link between

carbohydrate and protein metabolism, thus favouring
gluconeogenesis (Lehninger, 1975). Chaplin et 31, (1957) reported

that alanine aminotransferase activity can be considered as an

index of adaptability. These two enzymes are active under
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stress, starvation, or any altered physiological condition (Nichol

and Rosen, 1963). It is found that toxic agents which lead to

chronic impairment of animal metabolism will cause changes in the

activities of some enzymes (see Bell, 1968; Mckim et al., 1970;

Lockhart et al., 1972).

The liver parenchyma is a rich source of GOT and has a very

high concentration of GPT. The absolute amount of GPT is always

found to be less than that of GOT. Although hepatic tissue

damage leads to elevated serum concentration of both
transaminases, increase in GPT level than GOT is more pronounced

in liver damage (Sherlock, 1968). It is reported that the level

of aspartate activity in any tissue including serum is five to

twenty times higher than that of alanie activity (Das et al.,

1986). Similar observations were also made by Wilson (1973), and

Nemesock et al.(1981). Racicot et al. (1975) have reported

seventeen times less activity for ALAT in a study on the effect

of carbon tetra-chloride on rainbow trout

Environmental pollution appears to be one of the factors

that affects aminotransferase activities in animal tissue (Lane

and Scura, 1970). Elevated levels of hepatic enzymes are

indicative of increased metabolism and tissue damage following

hepatotoxicity (Bell, 1968). Hepatotoxicity and



hepatopathological damage are the most common responses of

various xenobiotics in the case of fishes (Couch, 1975). Levels

of alanine and aspartate aminotransferases are found to elevate

in response to hepatotoxicity. Lower levels of hepatic GOT is

indicative of physiological adaptation of the animal to the

toxicant (Rice and Mills,1987). According to Malhotra et al.

(1986), GPT will be higher when alanine transamination is more

than aspartate utilisation. Malhotra et al. (1986) also reported

that alanine generated through degradation of branched chain

aminoacids may be converted to aspartate during the degradation

phase of muscle repair. Elevation in aminotransferase activity

during stress is well documented (Knox and Greenguard, 1965;

Kulkarni and Mehrotra, 1973; Ahamed et al., 1978; Altland and

Ratner, 1979; Goel et al., 1984; Baneerjee and Choudhuri, 1985;

Murthy et al., 1985).

The reciprocal relationship between alanine aminotransferase

and glutamic dehydrogenase activity has been reported in bovine

liver tissue (Tomkins et al., 1961). Alanine aminotransferase

and glutamic dehydrogenase form enzyme complexes and both

glutamate and aspartate as substrates, enhance the binding of

these enzymes (Fahien and Kmiotek, 1979). Glutamic dehydrogenase

is also found to regulate the levels of transaminases by
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controlling the level of glutamate (Hochachka and Somero, 1973).

Low transaminase activity due to low glutamic dehydrogenase

activity and vice—versa has been reported in certain amphibian

species (Lakshmipathi and Reddy, 1984).

Hilmy et al. (1981) observed a relatively slow but constant

inhibition of serum GOT in mercury exposed fish. This constant

inhibition in enzyme activity is considered to be due to
cellular degradation by mercury. Bell et al. (1968) opined that

as in the case of mammals, transaminases are indicative of liver,

heart, and other organ dysfunction in salmonides. Stimulation of

alanine and aspartate aminotransferases activity in lower

concentration, and inhibition in higher concentration of
toxicants have been reported by Cheng (1965), and Fox and Rao

(1978). Time dependent inhibition and enhancement of AAT and

ALAT by cadmium has been reported by Hilmy et al.(1985). The

biphasic response of AAT to cadmium toxicity, induction followed

by inhibition, is also reported by Jackim et al.(1970), and
Christensen (1972) after heavy metal exposure. Racicot et al.
(1975) observed cellular vaccuolisation a short while after the

animals were exposed to carbon tetra chloride and were of opinion

that vaccuolisation may be related to disorganisation at
cellular level and the variation of the plasma enzyme level.
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Contradicting the above finding, Pfeifer et al.(1980) reported

that prominent histochemical vaccuolisation in control animals or

treated ones was due to glycogen deposit and not due to lipid

accumulation.

GOT and GPT activities have been reported in all molluscs.

GOT level tends to be a bit higher than the GPT levels in the

hepatopancreas of some molluscs (Reddy and Naidu, 1978; Sollock

et al., 1979). Aminotransferases are also involved in shell

formation (Hammen and Wilbur, 1959). Various factors like

species difference, season, type of food, size of the animal

etc., are found to influence the activity of GOT and GPT. The

tissue levels of GOT and GPT were higher in active snail than in

aestivating snail (Swami and Reddy, 1978). ALAT and AAT

activities are found to be much higher in brachiuran species.

Alanine and aspartate aminotransferases activities of muscle were

found to be higher than those of gill and mid gut gland (Rao and

Dayakar, 1987). They also reported that extra hepatic tissue has

higher aminotransferase activity than hepatic tissue indicating

the more emphasis given to physiological function than
to metabolic function. Aspartate and alanine aminotransferases

are known to play a strategic role in metabolising L-aminoacids

gluconeogenesis, and function as link between carbohydrate and



protein metabolism under altered physiological, pathological and

environmental stress condition (Nichol and Rosen, 1963; Knox and

Greenguard, 1965; Harper et al., 1979). when the organism is

under stress, AAT and ALAT activities enhance, whereby

gluconeogenesis occurs to mitigate the effect of toxic stress.

Transaminases are reported to be present in a wide variety of

molluscan tissues such as body fluid of Biomphalaria glabrata

(Rodrick and Cheng, 1974), body fluid of Viviparous bengalensis

(Prashad et al., 1983), haemolymph of Lymnea leuteola (Manohar et

al., 1972), and Pila globosa (Swami and Reddy, 1978). Kulkarni

and Kulkarni (1987) reported elevated levels of transaminase in

the gill and mantle of the clam Katelisia opima when exposed to

mercury. Similar enhancement in GOT and GPT activity is also

reported by Ahamed et al. (1978) in Lamellidens marginalis after

exposing to certain pesticides. Increase in serum GOT and GPT is

reported by Vatal and Aiyar (1988) in rats following lithium
administration. Kulkarni (1983) observed enhanced GOT and GPT in

serum of Sylla serrata exposed to naphthalene and pointed out

that the change was brought about by damage to hepatopancreas.

Histopathological damage of liver tissue is also reported by

many investigators (Dalela et al., 1979; Koundinya and
Ramamurthy, 1980; Mandal and Kulshrestha, 1980; Shareef et al.,

1983; Bhatnagar et al., 1987).



Transamination is of particular importance under conditions

that impose heavy drain on the animal's store of metabolites

(Goddard and Martin, 1966). The feeding of aminoacids into

carbohydrate and lipid metabolism is mobilised by
aminotransferase. Alanine, Aspartate and Tyrosine
aminotransferases are reported to be present in molluscan tissues

(Read, 1962; Hammen, 1968; Rao, 1974). Free aminoacids are said

to play a significant role in osmotic regulation in freshwater

mussels (Little, 1965). Glutamate and aspartate are related to

neuronal metabolism in many ways by transamination. They may

control oxidative metabolism through Kreb's cycle (West et al.,

1967).

Transaminases are widely distributed enzymes which play an

important role in metabolic pathways. Falany and Friedl (1981)

observed that the overall number of aminoacids transaminated by

the two freshwater mussels Anodonta couperiana and Popenais

buckleyi was lower than that of gastropods and marine bivalves.

AAT, as well as ALAT have been detected in the cytosol and

mitochondria of bivalve molluscs (Bishop et al., 1983; Burcham et

al., 1983). Increased aminotransferase activity in response to

varying salinity is reported in marine bivalves (Dapaul and Webb,

1974). Aspartate can be utilised along with carbohydrate as an



immediate response to oxygen depletion (Collicut and Hochachka,

1977; Meinardus and Gade, 1981). When aspartate is involved,

glycolysis and TCA cycle are connected indirectly by
aminotransferase reaction. Aminotransferases are widely
acknowledged for their significance in protein metabolism by

virtue of their ability to regulate synthesis and degradation of

aminoacids. Changes in activities of aminotransferases brought

about by any internal or external factors are associated with

changes in many other metabolic function. The altered metabolic

activities will, in turn. affect the organism's physiology.

In this chapter the sublethal effect of copper, cadmium and

mercury on the activity pattern of GOT and GPT is discussed

6.2 MATERIAL AND METHODS

6.2.1 Assay of Glutamate Oxaloacetate Transaminase (Aspartate

Aminotransferase)

Methods of collection of specimens, acclimation, and

exposure to toxicants were the same as described in Chapter 2.

Tissue extraction procedure was carried out as described in

Chapter 5.



Glutamate oxaloacetate transaminase activity was determined

according to Reitman and Frankel (1957) method. Buffer substrate

mixture (containing 0.1 M phosphate buffer, 0.1 M aspartate and

2mM 2-oxoglutarate) of pH 7.4 was used for hepatopancreas. For

gill tissue the pH of buffer substrate mixture was 7.8.

To 1 ml of the frozen buffer/substrate mixture, 0.1 ml of

tissue extract was added and incubated for exactly 60 minutes at

37 : 0.05°C. At the end of incubation period, the enzymatic
reaction was stopped by adding 1 ml of chromogen solution (2,4

dinitrophenyl hydrazine) and mixed well and kept for 20 minutes

at room temperature. Afterwards 10 ml of 0.4 N NaoH was added

and the colour developed was determined spectrophotometrically at

546 nm. Sodium pyruvate (Merck) was used as the standard. The

estimation of protein was done by Lowry's method (1951). The

activity is expressed as U moles pyruvate liberated/mg
protein/hr.

6.2.2 Assay of Glutamate Pyruvate Transaminase (Alanine
aminotransferase)

Glutamate pyruvate transaminase activity was determined by

the method of Reitman and Frankel (1957). The pH of the buffer

substrate solution was 7.2 for both the tissues.
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To lml of buffer substrate solution (containing 0.1 M

phosphate buffer of pH 7.2, 0.2 M DL—a1anine and 2mM

2—oxoglutarate) 0.1 ml of tissue extract was added and incubated

for 60 minutes at 37 1 0.05 0C. The reaction was stopped by
adding lml of 0.45 mM chromogen solution and allowed to stand for

20 minutes at room temperature. Later, 10 ml of 0.4 N NaoH was

added and the colour developed was measured at 546 nm. Sodium

pyruvate was used as the standard. The protein content was

determined by Lowry's method (1951). The enzyme activity is

expressed as n.moles pyruvate liberated/mg protein/hour.

6.3 RESULTS

6.3.1 Glutamate Oxaloacetate Transaminase Activity

6.3.1.1 Copper

6.3.1.1.1 Gill tissue (Table 28. Figure 28)

The GOT activity in the gill tissue of copper exposed

animals showed the following pattern when compared with control.

Higher value at 24 hr post exposure (P<0.001), but lower values

at 72 (P<0.001), 120 hr (P<0.05), and at 168 hr (P<0.001) were

observed in 100 ppb exposed animals. In 200 ppb exposed animals,
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moles/mg protein/hour) in Lamellidens corrianus

exposed to three sublethal concentrations of copper.



higher value was noticed at 24 hr (P<0.001). but lower values at

120 and 168 hr (P<0.01, 0.05) post-exposure. 400 ppb exposed

animals showed significantly higher value at 24 hr post—exposure

(P<0.001).

Among experimentals, it was found that 100 ppb exposed

mussels had lower value at 72 hr (P<0.001) but higher value at

120 hr (P<0.05) post—exposure when compared with the values in

200 ppb exposed animals and lower value at all time periods

except 24 hrwhen compared with those in 400 ppb exposed ones

(P<0.001, 0.05, 0.001). Values in 200 ppb exposed animals when

compared with those in 400 ppb exposed ones were higher at 72 hr

(P<0.001) but lower at 120 hr post-exposure (P<0.001).

6.3.1.1.2 Hepatopancreas tissue (Table 29, Figure 29)

The following results were obtained on comparison between

experimentals and controls. 100 ppb exposed animals showed lower

values at 24 hr (P<0.001). 72 hr (P<0.01) and 168 hr (P<0.001)

post exposure. In mussels exposed to 200 ppb, lower values were

obtained at 72 hr (P<0.001) and 168 hr (P<0.01). At 400 ppb,

lower value was noticed at 72 hr post-exposure (P(0.05).

In a comparison between the varying concentrations, it was
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corrianus exposed to three sublethal concentrations
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noticed that 100 ppb exposed animals had lower enzyme activity at

24 hr (P<0.001) and 168hr (P<0.05) when compared with 200 ppb

exposed mussels. 100 ppb exposed animals when compared with 400

ppb exposed ones, had lower value at 24 hr (P<0.001) and 168 hr

(P<0.001). Animals exposed to 200 ppb showed lower value at 168

hr (P<0.001) when compared with 400 ppb exposed ones.

6.3.1.2 Mercury

6.3.1.2.l Gill tissue (Table 30, Figure 30)

Significantly lower value was obtained at 24 hr and 120 hr

(P<0.001) in 75 ppb exposed animals. In mussels exposed to 150

ppb, lower value was found at 24 hr (P<0.01). 300 ppb exposed

mussels did not show any variation at any of the exposure

periods.

Comparison of values in 75 ppb exposed animals with thoseof

150 ppb exposed ones showed lower values at 72 hr (P<0.05), 120

hr (P<0.001) and 168 hr (P<0.001) post—exposure. When compared

with 300 ppb exposed mussels, 75 ppb exposed ones had lower

enzyme activity at 24 hr (P<0.05) and 120 hr (P<0.001)
post-exposure. When 150 and 300 ppb exposed animals were

compared, higher value was found in 150 ppb at 72 hr (P<0.01),

120 hr (P<0.001) and 168 hr (P<0.01).
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6.3.1.2.2 Hepatopancreas tissue (Table 31. Figure 31)

Mussels exposed to 75 ppb had higher value at 72 hr
(P<0.001) but lower values at 120 hr (P<0.001) and 168 hr

(P(0.0S) when compared with control. 150 ppb exposed animals

showed lower value at 24 hr (P<0.01) and 72 hr (P<0.001)

post—exposure, when compared with control. Animals exposed to

300 ppb did not show any significant variation.

75 ppb exposed mussels when compared with 150 ppb and 300

ppb exposed ones, had higher value at 72 hr (P<0.001) butlower

values at 120 and 168 hr (P<0.001). 150 ppb exposed animals when

compared with 300 ppb exposed ones showed lower value at 24 hr

(P<0.05), 72 hr (P<0.001) and 168 hr (P<0.05) post-exposure.

6.3.1.3 Cadmium

6.3.1.3.1 Gill tissue (Table 32, Figure 32)

When the cadmium exposed animals were compared with the

controls, the following pattern of GOT activity was observed.

150 ppb exposed mussels showed lower values at 24 hr (P(0.05), 72

hr (P(0.05) and 120 hr (P<0.001) post-exposure. 300 ppb exposed

animals did not show any significant variation in activity. In

600 ppb exposed animals elevation in activity at 24 hr (P<0.001)
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and 120 hr (P<0.05), while reduction at 168 hr (P<0.05) were

observed.

150 ppb exposed mussels when compared with 300 ppb exposed

ones had lower values at 72 hr (P<0.001), 120 hr (P<0.001) and

168 hr (P<0.05) post-exposure. Mussels exposed to 150 ppb showed

lower values at 24, 72, and 120 hr (P<0.001) but higher value at

168 hr (P<0.05), when compared with 600 ppb exposed animals. 300

ppb exposed mussel had lower value at 24 hr (P<0.001) buthigher

value at 168 hr (P<0.01) post—exposure when compared with the

values of 600 ppb exposed ones.

6.3.1.3.2 Hepatopancreas tissue (Table 33, Figure 33)

When 150 ppb exposed animals were compared with control,

lower values were found at 72 hr (P<0.001) and 120 hr (P<0.01)

time period. 300 ppb exposed animals on comparison with control

showed lower value at 24 hr (P<0.001) but higher value at 120 hr

(P<0.001). In 600 ppb exposed animals higher value at 24 hr

(P<0.001) but lower value at 168 hr (P<0.05) were observed.

150 ppb exposed animals when compared with those exposed to

300 ppb showed higher valuesat 24 hr (P<0.001) and 168 hr
(P<0.05) while lower values at 72 hr (P<0.001) and 120 hr
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corrianus exposed to three sublethal concentrations

of cadmium.



(P<0.001) post-exposure. Mussels exposed to 150 ppb showed lower

values at 24, 72, and 120 hr (P<0.001) post-exposure buthigher

value at 168 hr (P<0.01) when compared with 600 ppb exposed ones.

300 ppb exposed mussels had lower values at 24 hr (P<0.001) and

72 hr (P<0.05) while higher value at 120 hr (P<0.001)
post-exposure, when compared with those exposed to 600 ppb

cadmium.

6.3.2 Glutamate Pyruvate Transaminase Activity

6.3.2.1 Copper

6.3.2.1.l Gill tissue (Table 34, Figure 34)

The following observations were made when the GPT activity

of copper exposed mussels was compared with that of control. 100

ppb exposed mussels showed higher value at 72 hr (P<0.001) but

lower value at 168 hr (P<0.001) post—exposure. Those exposed to

200 ppb showed higher activity at 24 hr (P<0.01) and 72 hr

(P<0.001) post—exposure. 400 ppb exposed mussels had higher

values at 24 hr (P<0.001) and 72 hr (P(0.0l) time periods.

When GPT activity was compared among the experimentals,

significant variation was observed at certain time periods only.

when 100 and 200 ppb exposed animals were compared, lower values

were found at 24 hr (P<0.01) and 72 hr (P<0.001) time period in
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Figure 34. Gill Glutamate Pyruvate Transaminase activity (n

moles/mg protein/hour) in Lamellidens corrianus

exposed to three sublethal concentrations of copper.



100 ppb exposed animals. 100 ppb exposed animals also showed

lower values at 24 hr (P<0.001) and 168 hr (P<0.001) but higher

value at 72 hr (P<0.001) when compared with 400 ppb exposed ones.

Comparison between 200 and 400 ppb exposed animals showed higher

value at 72 hr (P<0.001) but lower value at 168 hr (P<0.05) in

200 ppb exposed animals.

6.3.2.1.2 Hepatopancreas tissue (Table 35. Figure 35)

The following were the values obtained when 100, 200, and

400 ppb copper exposed animals were compared with thoseof

control. 100 ppb exposed mussels had higher values at 72 hr

(P<0.001) and 120 hr (P<0.01) but lower value at 168 hr

(P<0.001). 200 ppb exposed animals had higher value at 72 hr

(P<0.001) but lower value at 168 hr (P<0.05) post-exposure.

Mussels exposed to 400 ppb showed higher values at 24 hr

(P(0.05). 72 hr (P<0.001). 120 hr (P<0.05) and 168 hr (P<.001)

post-exposure.

100 ppb exposed animals when compared with 200 ppb exposed

ones, had higher value at 120 hr (P<0.05) but lower value at 168

hr (P<0.01) post exposure. when values in 100 and 400 ppb

exposed animals were compared, the former showed lower values at

24 hr (P<0.001) and 168 hr (P<0.001) but higher value at 72 hr
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Figure 35. Hepatopancreas Glutamate Pyruvate Transaminase

activity (H moles/mg protein/hour) in Lamellidens

corrianus exposed to three sublethal concentrations

of copper.



(P(0.001). When values in 200 and 400 ppb exposed animals were

compared, the former showed lower values at 24 hr (P<0.01) and

168 hr (P<0.00l) post-exposure.

6.3.2.2 Mercury

6.3.2.2.1 Gill tissue (Table 36, Figure 36)

75 ppb exposed animals when compared with control had higher

values at 24 hr (P<0.01) and 72 hr (P<0.05) while lower value at

120 hr (P<0.001) time periods. Animals exposed to 150 ppb had

higher values at 72 and 120 hr (P<0.001) post-exposure when

compared with control. 300 ppb exposed mussels showed higher

activity at 24 hr (P<0.001), 72 hr (P<0.05) and 168 hr (P<0.01)

while lower activity at 120 hr (P<0.05) post—exposure.

75 ppb exposed mussels showed higher value at 24 hr (P<0.01)

but lower values at 72 and 120 hr (P(0.001) post-exposure when

compared with 150 ppb exposed mussels. 75 ppb exposed animals

when compared with 300 ppb showed lower values at 24 hr (P<0.05),

120 hr (P<0.01) and 168 hr (P<0.05) post-exposure. 150 ppb

exposed animals showed lower value at 24 hr (P<0.001) buthigher

values at 72 hr (P<0.01), and 120 hr (P<0.001) when compared with

300 ppb exposed ones.

6.3.2.2.2 Hepatopancreas tissue (Table 37, Figure 37)
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Figure 37. Hepatopancreas Glutamate Pyruvate transaminase

activity (p moles/mg protein/hour) in Lamellidens

corrianus exposed to three sublethal
concentrations of mercury.



when 75 ppb exposed animals were compared with control,

values were higher at 24 hr (P<0.01), 72 hr (P<0.001) and 168 hr

(P<0.001) while lower at 120 hr (P<0.001) post-exposure. Mussels

exposed to 150 ppb showed lower value at 72 hr (P<0.001) but

higher values at 120 hr (P<0.05), and 168 hr (P<0.001)
post-exposure. 300 ppb exposed animals had higher value at 24 hr

(P<0.01) but lower value at 168 hr (P<0.001) post exposure.

75 ppb exposed animals had higher values at 24 hr (P<0.001),

and72 hr (P<0.001), but lower value at 120 hr (P<0.001) and 168

hr (P<0.05) when compared with 150 ppb exposed ones. 75 ppb

exposed mussels had higher value at 72 hr (P<0.001) and 168 hr

(P<0.001) while lower value at 120 hr (P<0.001) post—exposure

when compared with 300 ppb exposed ones. 150 ppb exposed animals

had lower values at 24 hr (P<0.001). and 72 hr (P<0.01) while

higher values at 120 hr (P<0.01) and 168 hr (P<0.001)
post-exposure.

6.3.2.3 Cadmium

6.3.2.3.1 Gill tissue (Table 38, Figure 38)

Mussels exposed to 150 ppb had lower values at 24 hr

(P<0.01) and 120 hr (P<0.01) but higher value at 168 hr (P<0.001)
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exposed to three sublethal concentrations of
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when compared with control. 300 ppb exposed animals on

comparison with control showed higher values at 72, 120, and 168

hr (P<0.001) exposure periods. In 600 ppb exposed animals,

higher values were obtained at 24 hr (P<0.001), 72 hr (P<0.001)

and 120 hr (P<0.05) while lower value at 168 hr (P<0.001) when

compared with control.

150 ppb exposed animals when compared with 300 ppb exposed

ones had lower values at 24 hr (P<0.05), 72 hr (P<0.001), 120 hr

(P<0.001), and 168 hr (P<0.001). 150 ppb exposed animals on

comparison with 600 ppb exposed ones had lower values at 24, 72,

and 120 hrs (P<0.00l) but higher value at 168 hr (P<0.001)

post-exposure. Comparing values of 300 ppb exposed mussels with

those of 600 ppb exposed ones, showed lower value at 24 hr

(P<0.001) but higher value at 168 hr (P<0.001) post-exposure.

6.3.2.3.2 Hepatopancreas tissue (Table 39, Figure 39)

150 ppb exposed mussels had higher activity at 120 hr

(P<0.05) when compared with control. Mussels exposed to 300 ppb

had lower value at 24 hr (P<0.01) but higher values at 120 hr

(P<0.001) and 168 hr (P(0.001). 600 ppb exposed animals had

higher value at 24 hr (P<0.001) and120 hr (P<.05) butlower value

at 168 hr (P<0.001).
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activity (p moles/mg protein/hour) in Lamellidens

corrianus exposed to three sublethal concentrations

of cadmium.



Comparison of enzyme activity among the experimentals showed

the following pattern. 150 ppb exposed animals when compared

with 300 ppb exposed ones showed higher activity at 24 hr

(P<0.01) but lower activity at 72 hr (P<0.01) and 120 hr (P<.001)

exposure periods. When 150 and 600 ppb exposed mussels were

compared, the former had lower values at 24 hr (P<0.001) and 72

hr (P<0.05) while higher value at 168 hr (P<0.01). When 300 ppb

and 600 ppb exposed mussels were compared, 300 ppb exposed ones

showed lower value at 24 hr (P<0.001) but higher values at 120 hr

and 168 hr (P<0.001) post—exposure.

6 . 4 DISCUSSION

In the gill tissue of all the copper exposed animals GOT

activity was high, whileGPT activity was significantly high only

in higher concentrations during the initial period.

Increase in GOT and GPT activity is reported to be an

indication of stress (Knox and Greenguard, 1965; Kulkarni and

Mehrotra, 1973). In the present study, elevation in activity of

both the transaminases may be an immediate response to the

toxicant stress. Since glycogen level has depleted drastically

during the same period, a shift in metabolism from aerobic to
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anaerobic phase is a strong possibility. The decrease in oxygen

uptake rate also is suggestive of a shift in metabolism.
Therefore, gluconeogenesis might have become operative to meet

the excess energy demand.

Elevation in the activity of GOT and GPT during stress is

reported in the freshwater mussels, Lamellidens marginalis

(Ahamed et al., 1978), and in Parreysia rugosa (Reddy and Chari,

1985). By 72 hr time period, the GPT activity was found to

attain a peak in all the exposures while GOT activity showed a

general trend of decline. Therefore, it can be presumed that

during this time period, alanine transamination was more than

aspartate utilisation as indicated by Malhotra et al.(1986).

High ALAT level is reported in amphibian species (Laksmipathi and

Reddy, 1984). Elevation in GPT activity can also be considered

as a sign of adaptability to the toxicant (Moorthy et al., 1985;

Vijayalakshmi and Rao, 1985). Since there was a tendency for

increased oxygen uptake during the later periods, adaptability to

the toxicant on prolonged exposure is a possibility. During the

later periods, GOT activity declined steadily, more so in the

lower concentrations. This decrease in GOT activity further

proves a shift in alanine transamination in preference to
aspartate.
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Decrease in GOT and increase in GPT activity is reported by

Chetty et al.(l980) in Tilapia mossambica during stress. Damage

caused to the mitochondrial membrane also leads to decline in GOT

activity (Chow and Pond, 1972). But in the present study, since

decrease in activity was more in lower concentrations,
possibility of mitochondrial damage can be ruled out. The low

activity may be attributed to the decreased availability of
oxalo—acetate. The peak activity in turn may be to compensate

for the loss of GOT activity and also due to increased
availability of pyruvate formed due to lactate dehydrogenase

activity (Chetty et al., 1980). ALAT activity enhancement could

be attributed to the generation of pyruvate under hypoxic

condition, and not to the formation of pyruvic acid from protein

break down as observed from the upward trend in total protein

content.

In the case of hepatopancreas, there was significant
fluctuation in both the transaminase activities, indicating

stress. In 100 ppb exposed animals, the GPT activity was normal

while GOT activity showed a sharp decline at 24 hr. GPT activity

in all the three concentration exposures exhibited a peak
activity at 72 hr while GOT activity was generally low. Alanine

transamination was found to be more than that of aspartate
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utilisation. Increased ALAT activityfuggests the mobility of
aminoacid towards the formation of pyruvic acid (Reddy et al.,

1985). Decreased total protein during the initial period further

suggests pyruvic acid formation from aminoacids. In bivalves

under anoxic or hypoxic condition, malic enzyme catalases in the

direction of pyruvate production (Hochachka et al., 1973). Also,

a shift towards alanine transamination is an adaptive response

(Moorthy et al., 1985). However, at all time periods, there

occurred an increase in the activity of both the transaminases in

400 ppb exposure. This elevation indicates enhanced hepatic

injury on prolonged exposure at higher concentration.
Hepatotoxicity and tissue damage are strong possibilities as the

ALP also showed a trend of elevation in activity during the same

period. The lower glycogen level in spite of the recovery in

oxygen uptake is suggestive of a heavy drain of metabolites

during the stress condition.

GOT and GPT activities exhibit a biphasic response in

400 ppb exposure. Similar biphasic response is reported in other

animals (koeferal, 1972; Racicot et al., 1975; Statham et al.,

1978 Pfeifer, 1979; Dalich et al., 1982). Copper ions are

reported to inhibit both GOT and GPT activity in mussels

(Gormosova and Tomozhnyaya, 1979)
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In mercury exposed mussels, GOT activity in the gill tissue

remained significantly lower than that of the control in both 75

and 150 exposure during early exposure period. In the case of

mercury exposed animals alanine transamination occurred at a

higher rate than aspartate transamination during the initial

period as against the same phenomenon which occurred during the

later periods in the gill of copper exposed animals. During the

72 hr time period, significantly high GPT activity was observed

which again indicated the increased formation of pyruvate.
Catabolism of alanine in most of the molluscs involves

transamination to pyruvate (Livingstone and De Zwaan, 1983).

Feng et al.(1970) has also suggested the possibility of
oxaloacetate resulting from transamination being converted to

pyruvate. The decrease in activity of transaminases during

certain time periods may alsobe attributed to the competition of

glutamate dehydrogenase in the presence of ammonia for NADH and

L—ketoglutarate (D'Appollonia and Anderson, 1980). The decrease

may also be due to inhibition of proteolytic enzymes by the metal

as it leads to depletion of precursor for transamination. This

inhibition reaction being reversible, (Hilmy et al., 1981) there

was further restoration of normal activity during later periods.
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In the case of hepatopancreas of mercury exposed

mussels, GOT activity in 150 ppb alone was significantly below

the control value during the initial periods. During 72 hr time

period both enzymes exhibited a peak in activity in 75 ppb

exposed animal tissue, elevation being caused by the metal

stress. Mercury is reported to elevate transaminase activity in

bivalves (Reddy and Chari, 1985 Kulkarni and Kulkarni, 1987).

Hilmy et al. (1981) observed an increase in serum GOT and GPT as

a result of hepatotoxicity following mercury poisoning in fish.

At 168 hr GOT activity remained normal but GPT activity got

reduced in 300 ppb exposed animals, and a shift in metabolism

could be envisaged. It could be assumed that during this time

period, oxaloacetate oriented metabolism occurred. Elevated GDH

activity and high aspartate aminotransferase activity are
reported in Lamellidens marginalis during conditions of stress

(Mohan et al., 1987). Increase in GOT activity is also
documented in fishes (Christensen, 1975) and in crabs (Gould,

1976) following heavy metal toxicity. In 150 ppb mercury

exposure, GPT activity was found to show a trend of elevation

during the later periods. This elevation probably indicates

hepatotoxicity following prolonged exposure. The general trend

of enhanced activity may be due to cellular degradation following

prolonged exposure (flilmy et a1., 1981). The enzyme activity in
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mercury exposed animals showed an erratic pattern almost

throughout the experimental period. Bitensky et al.(1965)

reported that factors influencing the state of aggregation of

molecules affect changes in the activities of enzyme. The

stimulation of activity of enzyme may in turn disturb the

metabolic processes (Gupta and Dalela, 1985). The discrepancy

observed in the enzyme activity in these animals may be
attributed to the interaction of cofactors or regulators thereby

altering membrane permeability (Passow, 1970).

In 600 ppb cadmium exposed mussels, high gill GOT and GPT

activity was observed almost throughout the experimental period

except in the last phase. In the case of hepatopancreas, both

GOT and GPT were very high during the 24 hr time period in the

above concentration exposure while in the other two exposures the

enzyme activity was rather at a low profile. In all the
exposures, both the transaminases followed an almost similar

pattern. In 600 ppb exposed animals there was a time dependent

lowering of enzyme activity.

Elevation in the activity of GOT and GPT is considered to be

stress mediated (Chaplin et al., 1967;Ahamed et al., 1978;Rao and

Rao.1984LHilmy et al. (1985) reported an elevation in the activity

of both GOT and GPT in all tissues except liver, on exposure to
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cadmium. In the liver, activity of the enzyme was reported to be

inhibited. Initial induction followed by inhibition of enzyme

activity by heavy metals is documented (Jackim et al.)1970). The
generally high enzyme activity, particularly GPT in both the

tissues in the present study indicate large scale gluconeogenic

activity. Since the carbohydrate reserves might have depleted

due to the prevailing hypoxic condition, energy demand should be

met through gluconeogenesis. The slow and steady decline in

transferses in hepatopancreas on prolonged exposure could be due

to the inhibition of enzyme activity by the metal. Cadmium

compounds are known to inhibit enzymatic as well as metabolic

processes (Webb, 1966). In the lower concentration exposures.

towards the later periods, near normal level or an elevation in

enzyme activity was observed. This may be due to the increased

concentration of the metal in the tissues, on prolonged exposure.

In the hepatopancreas, peak enzyme activity was more or less dose

dependent. Since damage caused by the highest concentration was

more severe, there was an early rise in activity in 600 ppb

exposed animals. In 300 ppb exposed animals, the peak in

activity occurred at 120 hr. Therefore, a similar peak in 150

ppb exposed animals might be a much delayed response. High

hepatic transaminase activity indicates cellular damage or tissue

injury (Tietz, 1970). The comparatively low activity of the
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enzyme in 150 ppb in both the tissues may be due to the binding

of cadmium with protein and there by inhibiting enzyme synthesis.

The apparent lack of inhibition in high concentrations may be due

to the precipitation of cadmium at higher concentration (Hilmy et

al., 1985). The consistant decrease in enzyme activity in the

highest concentration may be attributed to the constant
inhibition of the enzyme by the metal. The sharp decline in

activity at certain time periods is also suggestive of the
leakage of the enzyme into the haemolymph (Hilmy et al., 1985).

Toxin induced changes in enzyme activity could represent

initial disorders or they can be simply be symptoms of metabolic

impairments (Jackim et al., 1970). Differential tissue enzyme

sensitivity to pollutants could be attributed to the ability of

the compounds to alter the cellular membrane configuration by

binding with lipid protein of membrane and thus blocking the

movement of substances by active transport (Hilmy et al., 1985).

Metals may alter the enzyme activity in several ways. Binding

at or near active sites may cause confirmational changes leading

to alterations in enzyme activity (Ulmer, 1970). Replacement of

normal co-factor by a different metal ion may also alter enzyme

activity (Tucker and Matte, 1980).



CHAPTER~VII



SUMMARY

In the present study, an attempt has been made to analyse

the variations brought about in the systems of the freshwater

mussel Lamellidens corrianus (Lea) on exposure to heavy metal

toxicants in terms of oxygen uptake, organic constituents, and

activity patterns of selected phosphatases and transaminases.

Activity patterns of alkaline and acid phosphatases, alanine and

aspartate transaminases were studied to understand the changes

caused by metal pollution.

The thesis consists of seven chapters followed by a list of

references. The first chapter is a general introduction in which

the current status of heavy metal pollution studies and the

significance of the present work are discussed.

The second chapter is on the sublethal effect of heavy

metals, copper, mercury and cadmium, on the rate of oxygen

uptake. Mussels pre— exposed to sublethal concentrations of the

metals for a period of 24, 72, 120 and 168 hr were subjected to

oxygen uptake study. Metals were found to drastically reduce the

rate of oxygen uptake in the freshwater mussel. In 100 ppb

copper pre—exposed animals, oxygen uptake, which was very much
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reduced during the early period of exposure, was found to revert

to near normal level during the later periods. In both mercury

and cadmium pre-exposed animals oxygen uptake rate was very much

reduced. The present study has clearly indicated that the rate

of uptake of oxygen in the freshwater mussel Lamellidens

corrianus is invariably affected by the metals, as in other
bivalves. The reason for this reduction is discussed in terms of

possible gill tissue damage or low filtration rate.

In the third chapter, sublethal effects of the metals on

glycogen content in gill and hepatopancreas are discussed. The

introductory part gives an updated review of literature in
related field. Glycogen in the gill tissue of animals exposed to

all the three metals showed a generally low level. Increased

glycogen breakdown was also observed in the hepatopancreas of all

the exposed mussels. Based on the present investigation, it can

be said that there is enhanced glycogen break down in the tissues

to meet the impending stress. The prevailing hypoxic condition

might have resulted in glycogen breakdown.

Variations in protein content in metal exposed mussels form

the subject matter of the fourth chapter. In copper exposed

mussels, protein concentration in gill and hepatopancreas was

found to increase during the course of the experiment. In
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mercury exposed animals protein concentration in gill tissue

increased in the lower concentrations while in the higher
concentration, the protein value more or less fluctuated near the

control level. In the hepatopancreas eventhough protein
concentration in the low concentration exposure decreased early

and stabilised later, in 150 and 300 ppb exposure protein was

low at later time period. The gill tissue of cadmium exposed

mussels showed a rather non synchronised pattern of protein

concentration. In the hepatopancreas also a definite pattern was

lacking.

The fifth chapter consists of the study on the effects of

metals on the activity pattern of acid and alkaline phosphatases.

ACP activity in the gill tissue of copper exposed animals was
significantly high in all the experimentals almost at all time

periods. In hepatopancreas, however the activity in lower two

concentrations was generally significantly low, but in higher

concentration no significant change was observed. In copper

exposed mussels, gill ALP activity was generally low,
particularly at later time—periods and in hepatopancreas also the

activity was low at almost all time periods. In general, except

perhaps gill ACP activity, the activity of both ACP and ALP was

low in gill and hepatopancreas. In mercury exposed mussels higher
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ACP activity was found in the lower concentration during the

initial period while enzyme activity was not much affected in the

higher concentration at this period. However, at later time

periods, the activity was elevated. The hepatopancreas also

showed a more or less similar pattern. In mercury exposed

animals, gill ALP activity in the lower concentrations were high

during the initial periods. However, the activity was found to

get normalised during the course of the experiment. In 300 ppb,

the enzyme activity fluctuated near the control level. In
hepatopancreas, the activity in general was high. In cadmium

exposed mussels, the reduction and elevation in enzyme activity

is discussed in terms of possible enzyme inhibition and tissue

damage. Gill ACP activity in general, was high at higher
concentrations in cadmium exposed animals, and in hepatopancreas

lower concentration produced decreased activity and higher

concentration increased activity at most of the time periods.

Gill ALP activity was generally low in lower concentration and in

higher concentration the values were significantly high during

the initial periods and low towards the later period. In
hepatopancreas, at early time period, in all concentrations, the

activity was high, but later at various time periods, activity
was low in all the concentrations. The variation in enzyme

activity is discussed in terms of possible hypersynthesis of the
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enzyme stimulated by the metals. The discrepancy found is

related to the heterogenous population of lysosomes or the

nonsynchronised chemical cycles occurring within the lysosomes.

Results of the study show differential tissue enzyme sensitivity

to metals. A rather biphasic response of enzyme activity was

produced by the metal at times.

Effects of sublethal concentrations of metals on the

glutamate oxaloacetate and glutamate pyruvate transaminases are

reported in the sixth chapter. In copper exposed animals gill

GOT activity was significantly high during the initial period.

But in lower two concentrations, the activity was low at later

time periods. In hepatopancreas a generally low enzyme activity

was observed. GPT activity of copper exposed mussels showed a

more or less similar pattern in both gill and hepatopancreas. In

both tissues, the activity was at its peak during the 72 hr time

period.In mercury exposed mussels, GOT in gill tissue was

generally low while GPT exhibited a peak at 72 hr. In the

hepatopacreas, GOT activity in 75 ppb exposed mussels had a steep

decline towards the later periods and in 150 ppb exposed mussels

values were lower at early time periods. Those exposed to 300

ppb did not show any variation. GPT activity in the
hepatopancreas was slightly erratic. In 75 ppb exposed mussels,
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GPT activity was significantly high at most of the time periods

while in 300 ppb, the activity was generally low. In 150 ppb

exposed mussels, activity was highest at 168 hr. In gill tissue

of cadmium exposed mussels, GOT activity was significantly low in

the lowest concentration almost through out the experimental

period, while in the middle concentration enzyme activity did not

show any significant variation. In 600 ppb exposed animals,

enzyme activity showed a gradual decline during the course of the

experiment. GPT activity in 150 ppb exposed mussels was

generally low during most of the exposure period. However,

during 168 hr enzyme activity was significantly high. In 300 ppb

exposed animals, enzyme activity was generally high while in 600

ppb exposed ones, enzyme activity was high at almost all time

periods. GOT activity in hepatopancreas was significantly low

during 72 and 120 hr in 150 ppb exposed animals. In 300 ppb, the

enzyme activity was generally low during most of the exposure

periods. However, during 120 hr, the enzyme activity was high.

In 600 ppb, the activity declined during the course of the
experiment GPT activity in the lowest concentration generally

did not show much variation while in the highest concentration,

activity was high during the initial period and low towards the

end of exposure period. In the middle concentration the enzyme

activity was generally high during later time periods.
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Differences in

different

metals do

metabolic

result of

the extent of variations caused by the
metals were indicated in the present study. Heavy

affect the animal seriously causing variations in
activities. Serious metabolic impairments occur as a

hypoxia caused by the metal.
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