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C H APT E R - I



INTRODUCTION

The phylum mollusca constitutes one of the major divisions

of the animal kingdom, and is of unusual interest both in regard

to the diversity of organization and in the multitude of living

species. The molluscs greatly vary in form, structure, habits,

and habitats. They are highly adaptive and occupy all possible

aquatic and terrestrial habitats. The phylum includes animals of

wide diversity in form, such as the common s lugs and snails, slow

movi ng chitons, oysters and clams, swi f t dar t i ng squids, slithering

octopuses, and the chambered nautilus. Molluscs have particular

importance in that they form valuable fisheries in various parts

of India as they are being used as food, as a source of lime, pearls

and decorative shells, and as constituents of medical preparations.

Thus, molluscs in general, have occupied a marked place in the affairs

of man for time immemorial in his affairs of state and economy, of

mind and aesthetic values, and of religion and rites of worship.

In more recent times they have come to occupy prominent position

in heraldy and royal insignia, and more conspicuously in the economy

of vast section of the people. The gastropod molluscs constitute

an important part of the ecosystem, and many aquatic animals thrive

on them. Gastropods, including slugs and snails are the most

successful of all molluscs, and are of special concern in that they

serve as intermediate and as paratenic hosts of a variety of helminth

parasites causin!; diseases in man and domestic animals. It is still

not very clear \<Ihy certain snail species are refractory to infection
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while yet others are susceptible, and even among the susceptible

ones, only certain age group snails are infected. This aspect is

fascinating to investigate because, of late, susceptibility to

trematode infection is being correlated with weak defence mechanism

and it has been proved beyond doubt that haemocytes play an important

role in internal defence against foreign materials. Obviously,

haemolymph also plays a significant role in the defence mechanisms.

Yet another aspect is to find out whether haemo Lyrnph can be treated

as an organ system because in most of the studies in the past dealing

with biochemical, l'hysiological and metabolic changes, particular

attention was given to determine the level of changes in specific

organs such as the muscles, mantle, gills, digestive gland e tc , ,

but haemolymph was seldom considered as an organ system. Of late,

it has been, however, shown that several parameters of blood can

be taken as reliable indicators for diagnostic pur poses , and also

to monitor environmental pollution. The present investigation was,

therefore, carried out on two species of freshwater gastropods for

the following reasons, li) to find out whether age, biotic and abiotic

factors brin" about any change in the haemolymph constituents

par t i.cu l ar Ly in haemoc y t e numbers since the haemocytes pl ay a very

significant role in cellular defence mechanisms of molluscs, (Li )

to understand the various aspects of molluscan blood since very little

work has been done in India, and (iii) to moni tor po l Lut i.on in

freshwater environment as it has been suggested that quantitative

determination of the levels of lysosomal enzymes and transaminases
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can be employed as reliable indicator of the stress by environmental

pollution.

The snail species selected for the present study are

Indoplanorbis exustus (Deshayes), and Lymnaea acuminata (Lamarck)

f. rufescens (Gray). Both the species serve as intermediate host

for a large number of digenetic trematodes. A large number of

cercariae are recorded from I. exustus, and a large number of

trematodes of domestic and wild animals pass their larval stages

through this molluscan species. L. acuminata f. rufescens is also

recorded as the intermediate host of many flukes, and several

cercarial forms have been recorded from this snail species \Rao,

1989).

It was reported that species of Lymnaea, 1.. stagnalis, is

suitable as a test organism in toxicological studies (Canton and

Sloof, 1977). This mollusc is easy to handle and culture, and is

available in various quantities and stages of embryonic development.

Canton and Sloof l1977) reported that 1.. stagnalis is a good

biological indicator for establishing ecological limits for pollutants

in surface waters. The adults are often used as test organism in

acute toxicity experiments to measure mortality, immobility, and

heart rate as criteria of toxicity (Batte et aI., 1951; Patrick and

Cairns, 1968; Sheanon and Trama, 1972; Knauf and Schulze, 1973;

Polster, 1973).
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Since gastropods have open circulatory system and the organ

systems are bathed in haemolymph, any change in relation to abiotic

or biotic stress is immediately reflected in blood and hence in the

present study various haematological parameters of the two snail

species were investigated in normal as well as in those under stress

conditions. The haemolymph parameters studied were total haemocyte

number, packed cell volume, haemoglobin (in 1. exustus), and inorganic

and organic constituents in three size groups of both the snail

species. Moreover, the influence of various biotic and abiotic

factors on total cell count was also investigated considering the

importance of haemocytes in cellular defence mechanisms. To study

the effect of pollution, copper was chosen as the pollutant because

copper is the active ingredient in almost all molluscicide

formulations, and the effect of copper toxicity was measured in

terms of total haemocyte counts, and the activity pattern of selected

phosphatases and transaminases.

The impact of pollutants on an organism is realized as
.

per t urhatLons at different levels of functional complexity (Moore,

1985). Xenobiotic induced sublethal cellular pathology reflects

perturbations of function and structure at the molecular levels.

In most cases the easiest detectable changes are associated with

a particular type of subcellular organelle such as lysosomes,

endoplasmic reticulum, and mitochondria. Cellular and subcellular

responses to a variety of pollutants have been reported from a wide
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range of animals. In molluscs, such responses reported include

hepatopancreatic epithelial reduction in bivalves (Lowe et al., 1981;

Couch, 1984), lysosomal disruption in mussels in response to copper

and phenanthrene (Pickwell and Steinert, 1984, Moore et a l , ,

and inhibition of cellular i~~unity ~Cheng and Sullivan,

1984),

1984}.

There are numerous studies in relation to accumulation and toxic

effects of heavy metal ions including copper in molluscs (Menzel,

1979; Cunningham, 1979; Moore, 1985; Viarengo, 1985; Livingstone,

1985). Haemocytes are believed to play significant role in heavy

metal metabolism, i.e., in the uptake, distribution to various

tissues, and in the intralysosomal storage of metals tGaltstoff,

1964; Cunningham, 1979). However, very little information is

available regarding the effects of toxic environmental chemicals

on the immune functions in gastropods particularly when haemocytes

are also involved in internal defence, and hence it was thought

worthwhile (i) to study the effects of copper, ions on haemocyte

number, and (ii) to examine the activity levels of selected lysosomal

as well as non-lysosomal enzymes as xenobiotics can induce lysosomal

destabilisation on molluscan cells, and quantitative measurements

of the levels of both marker lysosomal and non-lysosomal enzymes

have been indicated as reliable indicator of the presence of

pollutants in the immediate environment.

Many trace metals are important in plant and animal nutrition,

and as micronutrients they play an aessential role in tissue

metabolism and growth. Among the essential trace metals copper has
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an important role and it is an essential component of many enzymes.

However, not all of these enzyme activities are decreased in copper

deficiency to the level that they are metabolically limiting. Copper

is known to become toxic to aquatic organisms when the concentration

exceeds tolerable limits. Copper sulphate is used in aquaculture

for the treatment of ectoparasites and to eradicate certain diseases.

Copper compounds are commonly used as molluscicides, and among them

copper sulphate is the most important one. Copper sulphate is a

less expensive molluscicide and is found effective in destroying

the molluscan intermediate hosts of a variety of trematodes. However,

it was reported that like all other major molluscidides copper

sulphate has also certain disadvantages tsee Ritchie, 1973). It

was found to be totally or partially inactivated in natural waters

due to adsorption by soil and organic materials, and is ineffective

at alkaline pH's, and is toxic to other non-target organisms

especially young fishes and certain aquatic vegetation (Cheng and

Sullivan, 1975). In the present study, copper was chosen as the

toxicant to study the effect of heavy metal pollution on the

haemolymph for the following reasons: (i) copper is the main

ingredient in almost all the molluscicides now in use, and (ii) very

little is known about the pathophysiology and toxic mechanisms of

cupric ions on gastropods and particularly so on total haemocyte

counts, and hence in defence mechanisms.

The concept of haematological manifestation in response to

abiotic and/or biotic stress is applied widely for identification
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\Stumpf and Gilbertson,

factors are reported to

7

of stress factors and much of the information regarding the haemocytes

and their variation due to stress has come from studies involving

insects, crustaceans and molluscs. Molluscan haemocytes have been

implicated in diverse functions such as wound repair, nutrient

digestion and transport, excretion, and internal defence which

include phagocytosis and encapsulation. Although the haemocytes

in bivalve molluscs have been classified into granulocytes and

agranulocytes (Cheng, 1981) differences continue to exist. Regarding

gastropods, while Ottaviani (1983) reported two distinct haemocyte

types, spreading and round, in Planorbis corneus which are not

different maturational stages of a single cell ty pe, Sminia et al.

(1983) reported round and spreading haemocytes in 1.. stagnalis, and

considered these cells as different maturational stages of a single

cell. Renwr an tz et al. (1979), Cheng (1980), Mohandas (1985), and

Cheng and Downs (1988) have reported the occurrence of subpopulations

of haemocytes in molluscs. Differences were also observed between

blood cells of juvenile and adult specimens of 1.. stagnalis (and

this difference was attributed to be one of the reasons for varying

susceptibility to infection by larval trematodes) (Dikkeboom et al.,

different strains of Biomphalaria glabrata

1978). Several biotic as well as abiotic

affect the number and distribution of

circulating haemocytes. These factors include infection, snails

strain difference,

(Sminia, 1981).

size,

metal

age,

stress

host

etc.

temperature, wounding, heavy

In the present study the total
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haemocyte counts in three size groups-juveniles, intermediate, and

adults- of both the snail species were studied. Moreover, the effect

of various abiotic and biotic factors on total haemocyte number was

also investigated. The various factors selected for the study were

temperature,

copper-stress.

pH, snail-conditioned water, and heavy metal

It was reported that the organic in organic composition of

mollusc an haemolymph is variable (Bayne, 1973; Thompson, 1977).

Burton (1983) reported that several factors shell size/age such as

temperature, rainfall, photoperiodism, hibernation, starvation,

oviposition etc. affect the biochemical composition of the haemolymph

in molluscs. On gastropods, very little information is available

concerning the influence of shell size/age on plasma metaboli tes,

and hence to generalize the inorganic and organic composition of

the haemolymph such a study on different age group snails is needed.

In the present investigation the various inorganic and organic

constituents in the haemolymph of the two snails species in relation

to size/age

constituents

were analysed

studied were

and reported. The

haemolymph sodium,

various

potassium,

inorganic

calcium,

chloride, and ammonia while the organic constituents were urea, total

carbohydrate, glycogen, total protein, and total lipids.

Molluscs generally have low enzyme level and information

on their specific roles. is sparse (Fried and Levin, 1973). Enzymes

by themselves are not present in the haemolymph, unless they belong
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ei ther to the haemocytes or leak from intracellular confines of the

damaged tissues and hence serum enzymes levels were considered to

be of diagnostic value (Jyothirmayi and Rao, 1987). In the present

study, activity levels of lysosomal and non-lysosomal enzymes

- phosphatases and transaminases- in the haemolymph of normal and

copper exposed snails were estimated to understand the effect of

copper on the activity pattern of enzymes and also to examine its

diagnostic value. The enzymes selected for the present study were

acid phosphatase, alkaline phosphatase, glutamate-oxaloacetate

transaminase, and glutamate-pyruvate transaminase. Lysosomes and

cell membrane are the first target of pollutants because lysosomes

are concerned with the disintegration of foreign materials and the

cell membrane is the first barrier to a xenobiotic agent. Acid

phosphatase is a lysosomal marker enzyme and alkaline phosphatase

is considered by some as lysosomal enzyme and by others as plasma

membrane enzyme. During the period of stress, in the most likely

event of lysosomal membrane disruption, these enzymes are released

into the haemolymph thus increasing the enzyme level there. Hence,

these two enzymes can be treated as reliable indicators of stress.

It was reported that when copper accumulates in mammalian tissues,

a significant rise in serum transaminases and lactic dehydrogenase

occurs. Determination of the activity levels of serum glutamate

oxaloacetate transaminase and glutamate pyruvate transaminase has

therefore been proposed as an aid in detection of chronic copper

poisoning lMetz and Sagone, 1972).
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The thesis is arranged in six chapters. The general

introduction forms the first chapter. The second chapter is on total

haemocyte counts and the factors affecting variability. In the third

chapter the inorganic and organic constituents of haemolymph are

reported. The effect of copper on the activity patterns of

phosphatases, and transaminases forms the subject matter of chapters

four and five. Summary of the work forms the sixth chapter, followed

by the list of references.
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TOTAL HAEMOCYTE COUNTS AND FACTORS AFFECTING VARIABILITY IN

INDOPLANORBIS EXUSTUS AND LYMNAEA ACUMINATA F. RUFESCENS

2.1 INTRODUCTION

The morphology and functions of the cells present in the

haemolymph of gastropod molluscs have been investigated by many

(Tripp, 1970; Sminia, 1972; Sminia et a l , , 1973, 1974; Yoshino,

1976; Cheng and Garrabrant, 1977). The blood cells of gastropods

are often called leucocytes, other names used are haemocytes,

amoebocytes, granulocytes, lymphocytes, and macro phages (Wagge,

1955; Cheng et al., 1969; Davies and Partridge, 1972; Cheng and

Auld, 1977). Although many studies have been undertaken on the

structure and functions of gastropod blood cells, there still exists

no agreement on the number of blood cell types present in gastropods

(Sminia, 1972). This disagreement is mainly due to the use of

different cell type concepts (Sminia et al , , 1983). Many authors

consider cells with slight morphological variations as different

cell types, others, distinguish different cell types on the basis

of small variations in diameter, while still others point to the

importance of functional characteristics. UI trastruc tural and

histochemical studies on gastropod blood cells have failed to solve

the question of the number of blood cell types. A number of

investigators are of the opinion that gastropods possess two distinct

types of blood cells, granu l ocy t es and hyalinocytes (Harris, 1975;

Yoshino, 1976; Cheng and Aul d , 1977). On the other hand, Sminia
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(1972) who has done extensive work on Lymnaea stagnalis blood cells

has indicated that there is only one type of. blood cell in

gastropods, the amoebocytes, which are either round or spreading.

Considering haemotopoiesis, it was reported that molluscs

in general lack well-defined haematopoietic organs (Cheng and Rifkin,

1970; Narain, 1973). In gastropods, parts of connective tissue

or of epithelia have

proliferation sites of

been reported

blood cells.

to function primarily

The epithelium and

as

the

connective tissue of the mantle in Helix aspersa (Wagge, 1955);

kidney wall in Biomphalaria glabrata tPan, 1958); the ventricle

and the connective tissue of the mantle in Bulinus africanus and

~. truncatus (Kinoti, 1971). and in h. stagnalis the connective tissue

(Muller, 1956), especially around the lung cavity (Srni.rua et al.,

1983). Wolmarans and Yssel t1988) reported that in B. glabrata

oxygen tension in water could also result in haemocytosis, but

source was not indicated. It has been suggested that the blood

cells originate (a) from precursor cells (amoeboblasts, Kinoti,

1971; Jeong et a l , , 1983), (b) from mantle amoebocytes (George and

Ferguson, 1950; Brown and Brown, 1965), or (c ) fibroblasts,

epithelial or endothelial cells (Wagge, 1951, 1955; Pan, 1958).

In B. glabrata, Lie et al. (975). found an organ located between

the pericardium and the posterior epithelium of the mantle cavity

that appeared to be responsible for the production of amoebocytes;

and later this was confirmed by Jeong et al. 0983) through EM
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studies. Three mechanisms of proliferation have been proposed,

mitosis, amitosis, and cytoplasmic fragmentation tWagge, 1955;

Cheng and Rifkin, 1970; Sminia, 1974).

The concept of haematological manifestations in response

to stress, either biotic or abiotic, is well known and is applied

widely for identification of stress factors. One of the known

manifestations of stress in molluscs is significant fluctuations

in total haemocyte counts, and besides stress several other factors

also affect the number and distribution of circulating haemocytes.

These factors include infection, snail size, host strain difference,

temperature, wounding, oxygen tension etc. The number of cells

per ml of haemolymph varies from species to species, and even within

a species shows large variations. The number of blood cells per

ml is reported to be 3.8 - 7.2 x 106 in Bullia laevissima (Brown

and Brown, 1965); 0.2 x 106 in H. pomatia (Bayne, 1974); 1.0 - 9.0

x 106 in Patella vulgata tDavies and Partridge, 1972), 0.5

4 x 106 in L. stagnalis (Sminia, 1972), and 0.1 1 x 106 in

B. glabra ca (Jeong and Heyneman, 1976; Cheng and Auld, 1977; Stumpf

and Gilbertson, 1978). The number of blood cells varies considerably

in blood collected from different body parts. Thus, Brown and Brown

(1965) reported that in B. laevissima, haemolymph samples taken

from heart and arteries were richer in blood cells than in those

taken from veins, while sinuses showed a still lower cell number.

The number of blood cells will also vary in snails living under
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While studying intraspecific variability

of certain chemical parameters in the haemolymph of 1).. glabrata,

Michelson and Dubois (1975) found an association between the

paramet.er s : and the size and strain of the snail. Feng- found (1965)

no relation between the haemocyte number and size of the oyster,

Crassostrea virginica. The number of circulating blood cells in

1).. glabrata and 1. stagnalis (Stumpf and Gilbertson, 1978; Dikkeboom

et a l , , 1984) seems to be related to the age of the animal. The

density of circulating amoebocytes in the haemolymph of juvenile

1. stagnalis is 3 to 4 times lower than in that of adult snails.

A temperature dependent variation in haemocyte number was reported

by Davies and Partridge (1972), and Stumpf and Gilbertson (976).

In P. vUlgata, Davies and Partridge (1972) reported that the

concentration of circulating blood cells varies from about 1 x 106

o 6 0
cells per ml at 5 C to 9 x 10 cells per ml at 25 C. In 1).. glabrata.

the number of circulating cells increases rapidly when the

temperature rises (Stumpf and Gilbertson, 1978). The number of

circulating blood cells of H. pomatia was found to decrease after

injection of foreign particles (Bay ne , 1974), but in 1).. laevissima

after this initial decrease. the number increases within 7 days

to about 2 - 5 times the original number (Brown and Brown, 1965).

Sminia (1972) reported an increase in haemocyte number within

1 hr in L. stagnalis after haemolymph withdrawal. The haemocyte

counts in B. glabrata have been determined after the snails were

kept for two hours in snail-conditioned water, and under immobilized
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and anaerobic conditions (Wolmarans and Yssel, 1988). In anaerobic

conditions, the haemocyte number increased significantly after 2

hr. Infection is another factor which influences the number of

haemocytes. Michelson and Dubois (1975) and Stumpf and Gilbertson

(1980) reported an increase in the haemocyte number in freshwater

molluscs after infection with parasites.

Dikkeboom et al. (1984) who studied blood cells of

L. stagnalis reported the following differences between the juvenile

and adult snails. Juvenile snails contain fewer circulating

amoebocytes per ml haemolymph. The number of circulating amoebocytes

as well as haemolymph volume are found to be much lower than in

adult snails. However, a higher percentage of these cells shows

mitotic activity. The cells of juvenile snails are small and round

with few inclusions having a high nucleocytoplasm ratio, and a high

pyronin stainability. The enzymes acid phosphatase, non-specific

esterase, and alkaline phosphatase are present in all amoebocytes

of juvenile and adult snails. The activity of peroxidase differed

in two size groups, in juveniles a lower percentage of the cells

are positive, and the granules that contain the activity are less

abundant than in amoebocytes of adults. It was reported that the

activity of the internal defence system in juvenile 1.. stagnalis

is on a lower level than that in adult snails. Dikkeboom et a1.

(1985) reported that the phagocytic capacity of the circulating

amoebocytes of juvenile 1.. stagnalis is lower than that of adult

snails.
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The occurrence of subpopulations of haemocytes in molluscs

is reported by Cheng et al. (1980b), Mohandas (1985), Dikkeboom

et al. (985), and Cheng and Downs (1988). Cheng et al. d980bJ

reported that in Crassostrea virginica four subpopulations of

granulocytes and one population of hyalinocyte exist. Dikkeboom

et al. (1985) also developed a panel of monoclonal antibodies

direc ted against L. stagnalis haemocytes, which enabled to

distinguish antigenically different

occur in different proportions in

subpopulations some of which

juvenile, adult, and infected

snails. Monoclonal antibodies that react with membrane antigens

were used to separate haemocyte subpopul at i ons , Those monoclonal

antibodies that react with haemocytes of juvenile snails or those

of adults were used to study the ontogeny of the haemocyte system.

Gastropods possess a well developed innate defence system

where blood cells and/or haemolymph play a predominant role. Several

functions have been attributed to the blood cells of molluscs.

These cells have been suggested to play a role in defence reactions

such as phagocytosis (Tripp, 1961; Feng, 1967; Sminia, 1972),

encapsulation and infiltration of foreign tissues (Pan, 1965; Cheng

and Galloway, 1970; Cheng and Rifkin, 1970; Tr i.pp , 1970), in the

synthesis, uptake, and transport of substances, such as glycogen

and calcium granules (Kapur and Gupta, 1970; Abolins-Krogis, 1961,

1972), and in wound healing (Des Voigne and Sparks, 1968; Pauley

and Heaton, 1969; Armstrong et al., 1971; Ruddel, 1974).
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Gastropod molluscs possess a very effective immune system

which can dispose a variety of foreign particles and organisms

(Michelson, 1975; Sminia, 1981). Snails like ~. glabrata, K. pomatia

and 1.. stagnalis are able to clear large doses of foreign injected

material rapidly from their haemolymph (Tripp, 1961; Bayne, 1980;

Renwrantz et al , , 1981; Van der Knaap et al , , 1981). Phagocytosis

and encapsulation are the two major processes involved in the

cellular internal defence of gastropods. Phagocytic cells are found

in the haemolymph and tissues of gastropods and have been considered

to be an important component of the cellular defence system (Tripp,

1961; Cheng et a1., 197°1. Sminia (1980) studied the phagocytic

cells of 1.. stagnalis, and reported one type of free phagocyte

(amoebocytes), and two types of fixed phagocytes (reticulam cells,

and pore cells). Morphological and ultrastructural studies have

shown that amoebocytes phagocytose foreign particles by (i) extending

pseudopodia which engulf the foreign particles, or (2) by forming

invaginations of the plasma membrane. Both processes result in

the particle becoming enclosed in phagosomes, and digested in the

lysosomal system.

Encapsulation is the isolation of invading organisms and

foreign bodies from host tissue by the formation of a fibrous

capsule. Encapsulation

well as biotic material

envelope

abiotic

(Sminia

or

as

et a I , , 1974). It appears

of experimentally introduced

was studied in L. stagnalis

that abiotic materials are

encapsulated within 24 hr by a large· number of amoebocytes. All
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biotic implants, autografts and allografts, are not encapsulated,

only a transient amoebocyte reaction occurs on the cut surfaces

of these grafts while xenografts are encapsulated and infiltrated

by amoebocytes. On the basis of these results, it is concluded

that L. stagnalis is able to discriminate between different types

of implant.

Tissue repair is another major function performed by the

molluscan blood cells. Wound healing in 1.. stagnalis was studied

by Sminia et al. (973). It was reported that immediately after

incision the wound areas are infiltered by a large number of

amoebocytes. These cells which clear the wound area of invading

micro organisms and cell debris, aggregate into small thrombi which

together form" a large amoebocyte plug. The wound is closed by the

formation of a cell plug and by contraction of the muscles of the

body wall. During further process, the size of the plug diminishes,

and the round amoebocytes in the wound area transform into flattened

cells which form the collagenous connective tissue fibrils. As

a result, the amoebocyte plug has been replaced by collagenous

connective tissue. Thus the amoebocytes are involved in the initial

clearing and r epa i r i ng phase of wound healing.

Gastropod blood cells are also involved in functions such

as digestion, distribution of food materials to the organs, shell

repair, and regeneration. Fat droplets and glycogen particles are

occassionally present in the blood cells and thus it is assumed
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that the blood cells are engaged in digestion and transport of food

materials. Blood cells are also said to play a role in shell repair

and regeneration by transporting calcium and other substances from

the digestive gland to the shell. This hypothesis is based on the

fact that (a) calcium rich granules have been observed within blood

cells and in lime cells I and (b) large number of blood cells occur

at sites of shell repair (Sminia, 1981).

Haemoglobins and haemocyanins are the respiratory pigments

reported in molluscs. Haemoglobins are found in molluscs in the

body tissues or in the circulatory fluids, dissolved in haemolymph

or contained in the haemocoelic erythrocytes (Ghiretti and Ghiretti

Magaldi, 1972). Haemoglobins circulating in the blood have the

function of oxygen carrier. Sminia et al. (1972) reported that

pore cells present in the connective tissue of B. glabrata and

Planorbarius corneus synthesize haemoglobins. Similarly,

electronmicrographs of pore cells of 1. stagnalis suggest that these

cells produce and store haemocyanin (Sminia and Boer, 1973; Skelding

and Newell, 1975). The haemocyanin occurs free in the blood plasma

(Scheer, 1967; Ghiretti, 1968). Sminia (1977) reported a detailed

account on the fine structure and function of haemocyanin producing

cells in gastropods.

The percentage of haemolymph volume occupied by cells is

termed packed cell volume (peV) but the literature concerned with
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PCV is lacking in gastropods. Foley and Cheng (1974) reported the

PCV of !:!. mercenaria from two geographical location as 0.46~ and

0.34~/respectively.

In the present chapter, total haemocyte counts as well as

factors affecting haemolymph number in 1. exustus and 1.. acuminata

f. rufescens are reported. The PCV and haemoglobin levels in

I. exustus are also reported.

2.2 MATERIALS AND METHODS

2.2.1 Test Animals

The freshwater snails selected for the present study were

Indoplanorbis exustus, and Lymnaea acuminata f. rufescens.

2.2.1.1 Indoplanorbis exustus

1. exustus is a common freshwater snail found in stagnant

waters, ponds and paddy fields. Specimens of I. exustus were

collected from paddy fields of Thevara, Ernakulam. This snail

species serves as an intermediate host for a number of digenetic

trematode parasites.

snails were used.

After thorough check, only infection-free

2.2.1.2 Lymnaea acuminata f. rufescens

L. acuminata f. rufescens, is another common freshwater

snail found mainly in permanent water bodies with abundant
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vegetation, and is distributed throughout India. This snail species

is also an intermediate host for a number of larval trematode

parasites. They attain a maximum shell height of 23 ± 1 mm, and

the specimens used for the present study were collected from paddy

fields near South Kalamassery, Ernakulam. The snails were thoroughly

checked for possible larval trematode infections, and only

infection-free snails were used.

2.2.2 Laboratory Conditioning of Test animals

After collection, the snails were immediately transported

in polythene bags filled with water from the collection site to

the laboratory with least disturbance. In the laboratory they were

maintained in fibreglass tanks of 50 L capacity containing well

aerated, dechlorinated water having a pH range 7.0 to 7.5, and

temperature 30 ±
o

1.5 C. The snails were acclimated for 48 to

96 hours, and during this period of acclimation water was changed

every 24 hrs. 1. exustus were fed with Lemna sp , , while Lymnaea

acuminata f. rufescens wi th Hydrilla sp , All snails used for any

set of experiment belonged to the same population.

2.2.3 Selection of Animal Groups

In order to study the total haemocyte number in relation

to shell size, three different size groups of snails were selected.

They were 7 ± 1 mm, 11 ± 1 mm, and 15 ± 1 mm for Indoplanorbis

exustus, and 13 ± 1 mm, 18 ± 1 mm, and 21 ± 1 mm for L. acuminata

f. rufescens. In both the snail species the abundant group in
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natural population was the intermediate size group, i.e., 11 ± 1

mm, and 18 ± 1 mm shell size for I. exustus and 1.. acuminata f.

rufescens, respectively. In both cases, the required quantity of

haemolymph could be collected from individual specimens of this

size group. Hence, for studies on total haemocyte number under

varying abiotic and biotic conditions, the intermediate size group

snails of both species were used.

2.2.4 Collection of Haemolymph

2.2.4.1 Indoplanorbis exustus

After acclimating the snails for 48 to 96 hours, the snails

were taken out and the water adhering to the snail was removed

and, the foot cleaned with tissue paper. The heart of the snail

was located and punctured, and the haemolymph was directly collected

from the heart in heparinised capillary tube. In this way about

0.04 ml, 0.1 ml and 0.15 ml haemolymph could be obtained from each

snail of shell size 7 ± 1, 11 ± 1, and 15 ± 1 mm, respectively.

2.2.4.2 Lymnaea acuminata f. rufescens

The acclimatized snails were taken out, and the water

adhering to the snail was removed, and the foot cleaned with tissue

paper. The haemolymph was collected from the sinus with a

heparinized capillary tube. Haemolymph was also collected by

touching the foot with the tip of a micropipette. As a result the

snail was forced to retract deeply into its shell and extruded

haemolymph. In this manner about 0.05, 0.10 and 0.2 ml haemolymph
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could be obtained from each snail of shell size 13 ± I, 18 ± 1 mm,

and 21 ± 1 mm, respectively.

2.2.5 Total Number of Haemocytes

The total number of haemocytes in the blood was counted

using a haemocytometer. After collecting the haemolymph as

mentioned earlier, the first two drops of haemolymph were expelled

while the third drop was discharged on to a haemocytometer. The

cells were allowed to settle for 1 to 2 minutes and the counts were

taken by the WBC method using Carl-Zeiss microscope, and obj ective

10 X. The cells in the corner four squares were counted and the

number of cells per cubic millimeter was calculated and expressed

as haemocytes per cubic millimeter. To avoid counting the same

cells twice and yet not to miss the cells that touch the outside

boundary of the square, cells that touched the left and upper

boundary lines were counted and those that touched the right and

lower boundaries were ignored as recommended by Coulombe U 970).

The number of snails used from each size group of each snail species

is as follows: 1. exustus, .t!=15 for the large size group, and

.t!=.20 for each of the remaining two size groups. L. acuminata f.

rufescens, .t!=J5 for the large size groups, and .t!=20 for each of

the remaining two size groups.

2.2.6 Factors Influencing the Haemocyte Number

In order to study the effec t of various abiotic and biotic

factors on total haemocyte counts, the snails selected were infection
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free, and of the intermediate size group. The various abiotic

factors selected were temperature, pH, and heavy metal toxicity,

and the biotic factor was snail-conditioned water.

2.2.6.1 Temperature

In the experiment designed to study the effect of temperature

oon total haemocyte counts, four temperature constants, Le., 20 ,

o 0 0
25 , 35 , and 40 C, were selected and for each temperature constant

40 snails of each species were used. The B.O.D. incubator was set

for the desired temperature. Four 500 ml capacity beakers filled

with dechlorinated and well aerated water were placed in the

incubator at specific temperature constant, and when the water

reached the desired temperature constant la snails were put in each

beaker and haemolymph samples collected at 2, 6, 12 and 24 hr

post-exposure to find the total haemocyte counts. The same method

was followed for other temperature constants also. Ten snails of

each specimens kept in each of the four 500 ml capacity beaker filled

with dechlorinated and aerated water at room temperature (29±loC)

served as the controls. Collection of haemolymph samples from snails

of the control group was identifically carried out at these time

periods and total cell counts recorded.

2.2.6.2 pH

In order to study the effect of pH on total haemocyte counts,

40 infection-free specimens of 1. exustus were selected and la were
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transferred to each of the four 500 ml capacity beaker containing

aerated, dechlorinated tap water of pH 6.25. The experiment

was carreid out at other pHs also, i.e., 6.75, 7.75 and 8.25 using

the same number of specimens. In the case of 1.. acuminata f.

rufescens only 20 specimens were used at each pH level. The pH

of the water was adjusted to the desired level with phosphate

buffer. An equal number of specimens of both the snail species

reared in stored, dechlorinated, and aerated tap water and

maintained at pH 7.25, the pH of the water from the paddy fields,

served as the controls. Haemolymph samples were collected from

snails, individually, of the control and the experimental groups

at 2, 6, 12 and 24 hr post-exposure and total haemocyte counts

recorded.

2.2.6.3 Snail-conditioned water

In order to investigate the effect of snail- conditioned

water on haemocyte number, 100 snails of each species not used

previously were kept individually in the wells of standard multicell

containers filled with aerated, dechlorinated water for each time

period of 2, 6, 12 and 24 hr , At the end of each time period,

the snails were removed, and the snail conditioned water. of each

time period was collected in 250 ml beakers. A fresh group of

10 infection-free snails of each species was transferred into the

beaker containing 2 hr snail-conditioned water. Haemolymph samples

from each snail were collected at 2 hr and total counts recorded.
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Similarly, 3 groups each of 10 infection-free snails of each species

were maintained ,for 6, 12, and 24 hr in snail-conditioned water

of these time periods and total haemocytes counts performed at

6, 12, and 24 hr respectively. During this period, the water was

well aerated. An equal number of snails of each species kept in

well aerated, dechlorinated water served as the controls, and the

total haemocy te counts of control snails were also carried out

at 2, 6, 12 and 24 hours.

2.2.6.4 Copper toxicity

The LC
50

value and the sublethal concentrations of copper

selected for the experiments are reported in detail in

chapter 4.

Snails of the two species selected to study the effect of

sublethal concentrations of copper were acclimated for 24 to

48 hrs in well aerated, dechlorinated tap water. Infection-free

snails of intermediate size groups were selected for the

for each species,

experiments. After acclimatization,

were exposed to

3 groups of 50 snails each

three sublethal concentration

of copper, 0.010, 0.015, and 0.020 ppm respectively, keeping the

ratio of 1 animal to 25 ml of solution constant. They served as

the experimentals. Fifty snails of each species maintained in

aerated, dechlorinated tap water served as the control. Water

in all containers was changed after 24 hours, and the copper

concentrations in the experimental tanks were maintained. During
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copper exposure the snails were not fed, but care was taken to

ensure that crowding and oxygen availability did not act as limiting

factors.

The total haemocyte counts were taken for short term period

of 2, 6, 12, 24 and 48 hr post-exposure. At each time period,

10 snails from each experimental group and ten from the control

group were taken out, haemolymph collected, and counts recorded

as mentioned earlier in sections2.2.4 and 2.2.5.

2.2.7 Estimation of Packed Cell Volume

The Packed Cell Volume (PCV) was determined by the

microhaematocrit method lCoulombe, 1970). The haemolymph was drawn

into formalin-rinsed heparinised capillary tube and one end of

the tube was sealed with sealing wax. The tubes were then

centrifuged in a microhaematocrit centrifuge for 5 minutes at

11500 rpm. After centrifugation, the tubes were removed and the

column of packed cells was measured as the percentage of whole

haemolymph using the scale provided in the microhaematocrit

centrifuge '! = 15 for each group).

2.2.8 Estimation of Haemoglobin

The haemoglobin content of T. exustus was determined by

Cyanomethemoglobin method described by Ortho Diagnostic System

(1986). A sample of 0.02 ml haemolymph was taken in a test tube

and 5 ml of Aculute reagent (modified Drabkin reagent) was added

into it and shaken well. The potassium ferricyanide present in
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the reagent converts the haemoglobin iron from ferrous to ferric

state to form methaemoglobin which combines with potassium cyanide

of Aculute reagent forming stable Cyanomethaemoglobin which was

read spectrophotometrically at 540 nm. The standard graph was

prepared from the haemoglobin standard supplied by Ortho Diagnostic

Systems and the results expressed as g/lOO ml (! = 15 for each group).

2.2.9 Computation and Presentation of Data

The experimental results are expressed graphically as well

as in tabular form. The data were statistically analysed by

students'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. f. <:.0.05, 0.01, 0.001. All the

computations were carried out using a personal computer

(Casio fx - 730P).
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2.3 RESULTS

2.3.1 Total Haemocyte Number

2.3.1.1 Indoplanorbis exustus (Table lA)

Statistical analysis of the data on total haemocyte counts

revealed that the average values of haemocyte number in the three

size groups showed significant variations. The total haemocyte count

in 15 ± 1 mm size group was significantly higher than the counts

in the other two size groups (f <0.001). The total haemocyte count

in 7 ± 1 mm size group was significantly lower than the counts in

11 ± 1 mm size group (f<O.ool).

2.3.1.2 Lymnaea acuminata f. rufescens (Table 1B)

Statistical analysis of the data revealed significant

difference in total haemocyte number among snails of all the three

size groups. The total haemocyte count in 13 ± 1 mm size group was

significantly lower than the count in 21 ± 1 mm size group (f<O.OOl).

When the count in 18 ± 1 mm group was compared with that in

21 ± 1 !Tilll size group the latter showed significantly higher value

2.3.2 Factors Influencing Haemocyte Number

2.3.2.1 Temperature

2.3.2.1.1 Indoplanorbis exustus (Table 2A ; Figure 1)

In I. exustus, when the total haemocyte count in snails

exposed to o20 C was compared with the values in the controls, the
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Total Haemocytes/mm3 in the three size groups of

Indoplanorbis exustus

Size group 7±1 mm 11±1 mm 15±1 mm

N 20 20 15

Mean value 386.00 737.00 1071.00

± SD 120.54 156.98 250.21

Range 200.00-590.00 500.00-1050.00 660.00-1400.00

Table lB. 3Total Haemocytes/mm in the three size groups of

Lymnaea acuminata f. rufescens

Size group

N

Mean value

± SD

Range

13±1 mm

20

866.00

299.00

332.00-1200.00

18±1 mm

20

1026.00

357.00

390.00-1795.00

21±1 mm

15

1712.00

539.65

965.00-2950.00
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counts in 200C exposed snails were found to be significantly higher

at 2 (f<.O.ol), 6 (f<O.Ol), 12 (f,O.OOl) and 24 hr (f<O.Ol).

When the total haemocytes in 2SoC exposed snails were compared

with the control values, the haemocyte count in the experimentals

were found to be significantly higher at 2 (f< 0.0l), 6 (f < 0.01)

and 12 hr (.K 0.05). Snails exposed to 3SoC and 40
0C

did not show

any significant change in the total number of haemocytes when compared

with their corresponding controls at any time period.

2.3.2.1.2 Lymnaea acuminata f. rufescens (Table 2B ; Figure 2)

In 1.. acuminata f. rufescens, when the mean values of total

haemocytes';mm3 of 20 0 exposed snails were compared with the values

of control, the values of 20 0C exposed snails were found to be

significantly higher at 2 (P<O.Ol), 6 (P<O.OS), 12 (P<O.Ol), and- - -

24 hr (f < 0.05). Similar was the case, when snails were exposed

to 2SoC. The mean values of total haemocyte number were significantly

higher than the controls at 2 (f<O.OS), 6 (f<O.ol), 12 (f<O.OS),

and 24 hr (f<O.OOl).
o

Snails exposed to 35 C showed significantly

higher haemocyte number than their controls at 2 (f<0.01), 6

(f<O.Ol), and 12 hr (f<O.Ol). The total haemocyte counts in 40
0C

exposed snails when compared with those of the controls showed

significantly higher value only at 2 hr (f< 0.01). At 6 and 12 hr

there was no significant variation while at 24 hr a significant drop

in the total haemocyte count was observed (f<0.00l).
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2.3.2.2 pH

2.3.2.2.1 Indoplanorbis exustus (Table 3A ; Figure 3)

In I. exustus, statistically significant change in total

haemocyte counts was observed only at 2 hr post-exposure in all pH

levels •• The mean values of total haemocyte number were found to

be significantly lower at pH 6.25 Cf. < 0.01), 6.75 (f. <0.05), 7.25

(f.< 0.01), and 8.25 (f.< 0.05) than the corresponding values in the

controls. At 6 hr exposure the only significant change observed

was at pH 8.25; where the haemocyte number was significantly higher

than the control If. < 0.05). At other time periods no significant

variation in total count was observed at any pH level.

2.3.2.2.2 Lymnaea acuminata f. rufescens lTable 3B ; Figure 4)

In L. acuminata f. rufescens, the haemocyte number at pH

6.25 when compared with the controls, showed significantly higher

value at 2 (f.< o.ooi: and 6 hr Cf.< 0.05) post-exposure. At 12 hr

post-exposure there was no significant change while at. 24 hr a

significant decrease If. < 0.05) in the number of haemocytes was

observed. The snails exposed to pH 6.75 did not show any significant

change in the number of haemocytes at any time period. The number of

haemocytes was found to be significantly higher in snails exposed

to pH 7.75 than in the controls at 2 If.< 0:01) and 6 hr tf.< 0.01)

post-exposure. When compared with the controls, a significant fall

in haemocyte number was observed at 24 hr post-exposure in snails

exposed to pH 8.25 (f.< 0 .001).



T
ab

le
3A

.
T

o
ta

l
nu

m
be

r
o

f
c
ir

c
u

la
ti

n
g

ha
em

oc
yt

es
/m

m
3

in
In

d
o

p
la

n
o

rb
is

ex
u

st
u

s
a
t

d
if

fe
re

n
t

pH
le

v
e
ls

a
t

2
,

6
,

12
an

d
24

h
r

p
o

st
-e

x
p

o
su

re
(s

iz
e

g
ro

u
p

:

11
±

1
m

m
)

H
ou

rs
2

h
rs

6
h

rs
12

h
re

24
h

rs

N
10

10
10

10
M

ea
n

v
al

u
e

9
0

8
.0

0
7

8
9

.0
0

7
3

7
.0

0
7

6
2

.0
0

C
o

n
tr

o
l

±
SD

3
0

0
.6

5
3

6
4

.9
1

2
6

4
.1

5
1

2
6

.8
2

pH
7

.2
5

R
an

ge
4

9
0

.0
0

-1
3

4
0

.0
0

3
5

0
.0

0
-1

3
1

0
.0

0
4

4
0

.0
0

-1
2

9
0

.0
0

6
3

0
.0

0
-9

5
0

.0
0

N
10

10
10

10
M

ea
n

v
al

u
e

5
4

0
.0

0
*

"
7

6
3

.0
0

7
4

9
.0

0
9

4
7

.0
0

w V
>

pH
6

.2
5

±
SD

1
9

1
.0

2
2

9
2

.3
1

2
5

9
.9

3
3

3
7

.9
3

R
an

ge
3

5
0

.0
0

-8
8

0
.0

0
4

9
0

.0
0

-1
3

5
0

.0
0

4
6

0
.0

0
-1

3
1

0
.0

0
5

5
0

.0
0

-1
5

2
0

.0
0

N
10

10
10

10
M

ea
n

v
al

u
e

5
9

7
.0

0
"

7
9

9
.0

0
5

9
6

.0
0

7
8

3
.0

0
pH

6
.7

5
±

SD
1

4
8

.1
0

2
8

2
.5

8
1

3
7

.5
3

2
2

2
.9

6
R

an
ge

4
4

0
.0

0
-8

4
0

.0
0

4
1

0
.0

0
-1

1
3

0
.0

0
3

9
0

.0
0

-8
0

0
.0

0
4

9
0

.0
0

-1
2

6
0

.0
0

N
10

10
10

10
M

ea
n

v
al

u
e

5
7

3
.0

0
""

8
3

6
.0

0
6

7
9

.0
0

8
6

2
.0

0
pH

7
.7

5
±

SD
1

5
3

.1
9

1
9

0
.7

7
2

7
3

.9
2

3
0

7
.4

9
R

an
ge

4
3

0
.0

0
-9

8
0

.0
0

6
8

0
.0

0
-1

3
0

0
.0

0
4

6
0

.0
0

-1
3

3
0

.0
0

4
3

0
.0

0
-1

4
8

0
.0

0

-
-

N
10

10
10

10
M

ea
n

v
al

u
e

6
8

0
.0

0
"

1
0

7
6

.0
0

"
8

3
5

.0
0

9
4

2
.0

0
pH

8
.2

5
±

SD
1

6
4

.8
6

1
2

4
.9

1
2

2
9

.8
9

2
4

1
.6

0
R

an
ge

5
2

0
.0

0
-9

2
0

.0
0

9
0

0
.0

0
-1

2
9

0
.0

0
4

9
0

.0
0

-1
2

4
0

.0
0

6
2

0
.0

0
-1

3
8

0
.0

0

-
S

ig
n

if
ic

a
n

c
e

L
ev

el
:

*
.E<

0
.0

5
"*

t<
0

.0
1



1100

1000

,.,.,
E 900
E

.......

Vl
UJ
I- 800 '~
l.J
0 --..L ----
UJ«
J: 700
-.J

~
0
I-

600

100

2 4 6 8 10 12 14
[ TIME

16 18
hrs l

20 22 24 26

'f-iyu/l.e 3.

ex.po/,ed

370tul HuemocyieJlmm ~n 1. ex.uJiu/,

to uU/l.yi.ny pH. Cc n i.n o E (_o-)J pH

6.25 (;) )J pH 6.75 ( 11 )J pH 7.75

(8 ) J und pH 8.25 ( x l ,



a
t

d
if

fe
re

n
t

pH
le

v
e
ls

a
t

2,
6

,
12

an
d

24
h

r
p

o
st

ex
p

o
su

re

H
ou

rs
2

h
rs

6
hr

s
12

h
rs

24
h

rs

N
5

5
5

5
M

ea
n

v
al

u
e

11
61

.0
0

10
97

.0
0

11
83

.0
0

11
14

.0
0

C
o

n
tr

o
l

±
SD

14
9.

21
14

2.
28

12
9.

45
11

9.
02

pH
7

.2
5

R
an

ge
9

6
5

.0
0

-1
3

2
2

.0
0

9
0

5
.0

0
-1

2
6

0
.0

0
9

9
0

.0
0

-1
3

4
0

.0
0

9
6

0
.0

0
-1

2
6

0
.0

0

N
5

5
5

5
M

ea
n

v
al

u
e

17
13

•0
0*

*"
1

5
2

0
.0

0
"

13
12

.0
0

9
2

2
.0

0
"

pH
6

.2
5

±
SD

12
6.

37
23

3.
34

15
5.

14
11

0.
31

R
an

ge
15

20
.0

0-
18

50
.0

0
1

2
5

0
.0

0
-1

7
8

0
.0

0
1

1
7

0
.0

0
-1

5
4

0
.0

0
7

5
0

.0
0

-1
0

5
0

.0
0

N
5

5
5

5
M

ea
n

v
al

u
e

12
02

.0
0

12
60

.0
0

12
76

.0
0

10
80

.0
0

pH
6

.7
5

±
SD

10
5.

98
5

1
.4

7
8

5
.0

2
10

6.
15

w
R

an
ge

10
65

.0
0-

13
60

.0
0

11
90

.0
0-

13
00

.0
0

1
1

8
0

.0
0

-1
3

7
0

.0
0

9
3

7
.0

0
-1

1
9

0
.0

0
0

-

N
5"

"
5

5
5

M
ea

n
v

al
u

e
15

24
.0

0
15

16
.0

0*
"

13
00

.0
0

12
10

.0
0

pH
7

.7
5

±
SD

8
5

.5
4

10
5.

02
76

.4
0

11
1.

18
R

an
ge

14
00

.0
0-

16
00

.0
0

1
4

2
0

.0
0

-1
6

9
0

.0
0

1
2

3
5

.0
0

-1
4

3
0

.0
0

1
0

7
5

.0
0

-1
3

2
5

.0
0

N
5

5
5

5
M

ea
n

v
al

u
e

94
2.

00
11

12
.0

0
12

03
.0

0
7

8
0

.0
0

""
"

pH
8

.2
5

±
SD

86
.7

1
8

7
.0

0
10

8.
08

5
7

.0
0

R
an

ge
8

5
0

.0
0

-1
0

8
0

.0
0

1
0

0
0

.0
0

-1
2

0
0

.0
0

1
0

9
5

.0
0

-1
3

8
0

.0
0

7
0

0
.0

0
-8

5
0

.0
0

S
ig

n
if

ic
a
n

c
e

L
ev

el
"
f<

0
.0

5
**

f<
0

.0
1

"H
f<

O
.O

O
l



2

1900

1800

1700

1600

1SOO

1~00
..,

E
E 1300
<,

'"ILl 1200
.... _.... - - --...
~ -
U 1100
a
~ 1000
ILl

<
J: 900

.J
<{ 800....
a....

700

200

lOO

2 6 12

TIME (hrs)

7ata£ .cn. !::..
acuminata t. ~ute~cen~

pH. Co n i.n o E (-.-), pH

( a. ), pH 7. 75 ( a ),

e:<pa~ed ta

6.25(0),

and pH 8.25

va~!I-Lng

pH 6.75
( lC ) •



37

2.3.2.3 Snail-conditioned water

2.3.2.3.1 Indoplanorbis exustus (Table 4A)

From the results, it was observed that there was no

significant variation in the number of haemocytes in I. exustus

exposed to snail-conditioned water at any time period.

2.3.2.3.2 Lymnaea acuminata f. rufescens (Table 4B)

There was no statistically significant variation in the

number of haemocytes in L. acuminata f. rufescens exposed to snail

conditioned water at any time period.

2.3.2.4 Copper toxicity

2.3.2.4.1 Indoplanorbis exustus (Table SA ; Figure 5)

In 1. exustus, when the number of
, 3

haemocytes/mm in

0.010 ppm copper-dosed snails was compared with that of the controls,

the former showed a significantly higher values than the controls

at 6 er< 0.001), 12 0:.< 0.001), 24 (E..<O.OOl), and 48 hr (E..<0.0l).

Similarly, 0.015 ppm dosed snails also showed significantly higher

values at 2 (E..<O.OS) , 6, 12, 24 (E..< 0.001), and 48 hr CE..<O.OS) than

the control values. The mean values of haemocyte number in

0.020 ppm dosed snails were significantly higher at 6 (E..< o.oor) ,

12 CE..< 0.01), 24 (E.. <0.01), and _48 hr (E.. <0.001) post-exposure than

the control values.

When the counts of 0.010 ppm dosed snails were compared with

those of 0.015 ppm and 0.020 ppm dosed snails, 0.010 ppm dosed snails
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at 2 hr showed significantly lower (f (0.01 and f <0.05) values than

the values of 0.015 ppm and 0.020 ppm dosed snails, respectively.

At 24 hr post-exposure, 0.010 ppm dosed snails showed significantly

lower value than the value of 0.015 ppm dosed snails, and 0.015 ppm

dosed snails showed significantly higher value (f < 0.05) than that

of 0.020 ppm dosed snails.

2.3.2.4.2 Lymnaea acuminata f. rufescens (Table 5B ; Figure 6)

In L. acuminata f. rufescens when the total counts of

0.010 ppm copper dosed snails were compared with those of the

controls, the former showed significantly higher value at 2, 6, 12

and 24 hr post-exposure (f< 0.00l); similarly 0.015 and 0.020 ppm

copper dosed snails also showed significantly higher values than

the controls at all the time periods studied Le., 2, 6, 12, 24 and

48 hr post-exposure (f< 0.001)

When the counts of 0.010 ppm copper dosed snails were compared

with those of 0.015 ppm dosed snails, significantly higher values

in 0.010 ppm were observed at 6 (f <0.01), 12 and 24 hr post-exposure

(f < 0.001) while a significant decline was observed at 48 hr

post-exposure (f <0.01). Similarly 0.010 ppm dosed snails showed

significantly higher values than the values of 0.020 'iipm dosed ones

at 2 (f< 0.05), 6 (f< 0.05), 12 (f< 0.001), and 24 hr (f< 0.00l)

post-exposure but significantly lower value at 48 hr post-exposure

(f <0.001). When the counts of 0.015 ppm and 0.020 ppm copper-dosed

snails were compared, 0.015 ppm dosed snails showed significantly

lower values at 24 (f <0.01), and 48 hr (f < 0.05) post-exposure.
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2.2.3.3. Packed Cell Volume (PCV)

The results on packed cell volume of I. exustus and

1.. acuminata f. rufescens showed much lower values which cannot be

detected in the microhaematocrit scale. The values obtained in both

the snail species were below 1~.

2.3.4 Haemoglobin lTable 6)

Table 6gives the mean values, standard deviation, and range

of haemoglobin concentration (g';lOO ml) in the three size groups

of 1. exus tus , The highest haemoglobin concentration was observed

in the intermediate size group which was significantly higher than

the concentrations in snails of the other two size groups

U~.<.0.001, and f~0.05).
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Total Haemoglobin concentration (g/100 ml) in three

size groups of Indoplanorbis exustus

Size group 7±1 mm 11±1 mm 15±1 mm

N 15 15 15

Mean 0.768 1.248 1.088

± SD 0.146 0.119 0.201

Range 0.533-1.000 1.000-1.500 0.766-1.467
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2.4 DISCUSSION

In the present study both in 1. exustus and 1.. acuminata

f. rufescens significant variations were found in the mean values

of total haemocyte counts among the three size groups studied. The

resul ts indicate that small snails possess fewer circulating

haemocytes than the larger ones. Comparable results have been

reported in ~. glabrata (Stumpf and Gilbertson, 1978), and

DikkeboomL. stagnalis (Sminia, 1981; Dikkeboom et al., 1984).

et al. (1984) reported that the number of circulating haemocytes

in juvenile 1.. stagnalis was 3 to 4 times lower than that of adults.

When the smallest and the largest size group snails of both species

were compared, total haemocyte count was found to be 2-3 times

•
higher in the largest. Similarly, the volume of haemolymph was also

much lower in snails of the smallest size group. Stumpf and

Gilbertson (1976) reported that in the two stains of the gastropod,

~. glabrata, a logarithmic increase in cell number was observed with

increasing shell size. However, they indicated that the association

between shell size and haemocyte number does not necessarily suggest

a cause and effect relationship, but attributed to a third factor.

such as age. Thus, it may be concluded that shell size/age of the

snail is a factor which influences the total number of circulating

haemocytes in I. exustus, and 1.. acuminata f. rufescens.

Previous studies have indicated that juvenile snails are

more susceptible to parasitic infection than adults (Mohandas, 1971;
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Meuleman, 1980; Meuleman et al., 1982; Dikkeboom et al , , 1984) •

The number of haemocy tes is a fac tor which decreases or increases

the defence mechanism. Earlier reports (Smtnta , 1972; 1974; 1977)

on 1.. stagnalis have shown that haemocytes are

defence mechanisms such as phagocytosis, and

engaged in cellular

encapsulation. The

phagocytic capacity of the circulating haemocytes in juvenile

1.. stagnalis is lower than that of adults tDikkeboom et al., 1985b).

This shows that in small snails the cellular line of defence mechanism

is weak, and the fact that these snails have less volume of haemolymph

indicates that their humoral defence mechanism is also weak. Thus,

both in 1.. exustus and 1.. acuminata f. rufescens, the fewer number

of circulating haemocytes, with qualitatively less development, and

less volume of haemolymph in the smallest size group snai Is may be

the two important factors that determine their susceptibility to

larval trematode infection.

There are several abiotic and biotic factors which affec t

the total number of haemocy t.es , Various factors which affect the

number of haemocytes in freshwater gastropods were reported by Muller

(1956), Sminia (1972), Michelson and Dubois (1975), Sturnpf and

Gilbertson (1978, 1980), Jeong et al. (1980), Granath and Yoshino

(1983), and Wolmarans and Yssel (1988).

Temperature is an important abiotic factor which influences

the total haemocyte counts, and the influence of temperature was

reported by Pauley and Krassner (971); Davies and Partridge tl972)~
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and Stumpf and Gilbertson (1978). A temperature dependent rise in

haemocyte number was reported in .!2-. glabrata (St.umpf and Gilbertson,

1978), and P. vulgata (Davies and Partridge, 1972). Pauley and

Krassner (1971) reported that in gastropods leukocytosis is stimulated

by temperature changes. The results on the effect of temperature

on total haemocyte count in I. exustus showed that temperatures

lower than the room temperature have significant influence on the

total cell counts. At higher temperatures, the snails did not show

any significant variation in the number of circulating haemoc ytes ,

At 20 and 2SoC, th h b f d bIde aemocyte num er was oun to e e evate

. . f i t1 t t 24 hr at 2SoC.s1gn1 1can y excel' a In E.. vulgata, the

concentrations of circulating blood cells varied from about 1 x 106

cells per ml at SOC to 9 6 0x 10 cells per ml at 25 C. Also, in

.!2-. glabrata and 1. stagnalis (Sminia, 1981), the number of circulating

haemocytes increased rapidly within a few hours when the temperature

rises. At 35 and 40
0C

a non-significant general decrease in the

number of haemocytes was observed. Feng 1196SJ reported that at

higher temperature, the haemocyte number may be affected by heart

rate. The drop in haemocyte number may be the result of a drop in

heart rate at high temperatures, or due to cell death. The maximum

cell count was observed at 200C at all time periods studied, and

the count was found to be related inversely to rise in temperature.

Thus, it can be concluded that at low temperature haemocytosis takes

place resulting in an increase in the number while at higher
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temperatures heart-rate drops, or cell mortality takes place both

leading to a drastic drop in the cell number.

In L. acuminata f. rufescens, the number of circulating

haemocytes was found to increase at all time periods at 20, 25 and

Temperatures close to the room temperature were found to

enhance the number of circulating haemocytes. At higher temperature,

40 oC, mortality of snails begins after 12 hr post-exposure, and about

25% death was observed within 24 hours. After an initial elevation

o
in the number at 40 C, a drastic drop in total count was observed

at 24 hr post-exposure. The initial elevation may be an immediate

response of snails to stress which may lead to haemocytosis. As

a result of continuous stress at high temperature the heart rate

is believed to have dropped leading to a significant decrease in

total count; or there is cell death. The response to temperature

stress in terms of total haemocyte number differed in the two snail

species and this difference may be attributed to the species

di ff erence. It may be noted that this significant leucocytosis at

low temperatures particularly in I. exustus, might be one of the

reasons for the observed low infection rate in this snail species

by Mohandas (l971). In specimens collected during cold months the

larval trematode infection rate was low while in those collected

during summer months, it was high. Since molluscan haemocytes are

involved in defence mechanisms, it is presumed that snails attain

same resistance during cold months when the total count is high.
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The results regarding the effect of pH on the number of

circulating haemocytes in 1.. exustus and L. acuminata f. rufescens

showed that pH is a factor which might effect the physiology of the

snails to a certain extent. In 1.. exustus, the number of circulating

haemocytes was found to decrease in all the experimentals at 2 hr

post-exposure. The observed decrease in the total counts at 2 hr

post-exposure is attributed either to the sudden changes in the pH

of the external media which might have affected the physiology of

the snails leading to the transmigration of haemocytes across

epi thelial surface, or to cell mortality due to the sudden stress

as reported by Pickwell and Steinert (1984). Later the total counts

were normalised and it is presumed that there was mobilization of

haemocytes from some other sources to compensate the loss. In several

situations haemocytes are reported leaving the body by diapedesis

after traversing the epithelial layer (Stauber, 1950; Brown and

Brown, 1965; Ruddell et al., 1978; Miller and Feng, 1987). Sminia

et al. (1983) reported that an interchangeable pool of haemocytes

occurs in the haemolymph and connective tissue, and under certain

conditions extrusion of haemocytes from the reservoir into the

haemolymph occurs, thus creating a large population of circulating

haemocytes. Thus, the significant increase in total cell count at

6 hr post-exposure after the initial decrease at pH 8.25 may be

attributed to temporary haemopoiesis, through translocation of tissue

haemocytes to haemolymph.
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In L.acuminata f. rufescens, at the lowest pH, 6.25,

significant increase in the total number of circulating haemocytes

was observed at 2 and 6 hr post-exposure while a decrease was observed

at 24 hr post-exposure. The significant increase may be attributed

to the fact that under stress, the haemocytes migrate from the

reservoir compartment to the haemolymph since an interchangeable

pool of haemocytes occurs in the haemolymph and connective tissue.

The same reason can be attributed to the increase in cell number

at 2 and 6 hr post-exposure in those snails exposed to pH 7.75.

During later time periods, the snails being under continuous stress,

the changed pH might have affected the physiology which may lead

to cell mortality resulting in decrease in the number of circulating

haemocytes. This was reflected at 24 hr post-exposure in snails

exposed to pH 6.25 and 8.25. No significant variation in the number

of circulating haemocytes was observed at pH 6.75. This may be due

to the fact that L. acuminata f. rufescens is usually found in waters

of pH 6.80 to 7.50. A pH of 6.75 being close to the normal pH, did

not produce any significant change in the physiological conditions

of the animal, and hence a change in haemocyte number was not

observed.

Both the species of snails exposed to snail-conditioned water

did not show any significant change in the number of circulating

haemocytes at any time period studied. Similar results were reported

by Wolmarans and Yssel (1988) in B. glabrata kept for 2 hr in
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snail-conditioned water. The results indicate that snail-conditioned

water did not produce any physiological stress in the two species

and it does not seem to be a factor influencing the total counts

in 1. exustus, and~. acuminata f. rufescens.

In copper-dosed 1. exustus the total circulating haemocytes

was significantly higher than the controls at all concentrations

and at all time periods studied. An exception was noted at 2 hr

post-exposure in 0.010 and 0.020 ppm copper dosed snails where the

values were non-significantly higher. The increase in the number

of circulating haemocytes at all concentrations may be due to

transmigration of cells from the reservoir compartment to the

haemolymph as a result of stress elicited by copper ions. Snails

dosed with 0.010 ppm copper showed significant increase in the number

of haemocytes at 6 hr post-exposure followed by a decrease at 12

and 24 hr post-exposure, and again an elevation at 48 hr

post-exposure. In 0.015 ppm dosed snails, after initial elevation

at 2 and 6 hr post-exposure, a decline was noted at 12 hr followed

by an increase at 24 hr and finally a drop at 48 hr post-exposure.

Similarly in 0.020 pprn dosed snails after 6 hr post-exposure, the

number of cells decreased at 12 and 24 hr followed by an increase

at 48 hr post-exposure. This cyclic increase and decrease among

the experimentals may be explained as follows. In freshwater

gastropods the majority of haemocytes are amoebocytes with granules

in the cytoplasm (Sminia, 1972, 1981, 1983; Ottaviani, 1983;
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Dikkeboom et al., 1984), and it was reported that although metal

stress causes reduction in haemocyte counts, mature granulocytes

are seldom affected. The finding of greater number of granulocytes

in stressed and polluted molluscs justifies this (Feng et al., 1971;

Ruddell and Rains, 1975; Pickwell and Steinert, 1984; Seiler and

Morse, 1988). Since granulocytes play important roles in nutrient

digestion and transport, excretion, and in internal defence, molluscs

exposed to pollutants would need increased number of granulocytes

to remove the overload of pollutants and pollutant-laden particulate

material (Suresh and Mohandas, 1990b). This is reflected as the

increase in the number of granulocytes. In several situations

haemocytes have been reported leaving the body by diapedesis after

traversing the epithelial layers and the decrease in cell number

at certain time intervals may be due to the transmigration of

copper-laden amoebocytes by diapedesis or

increase in cell number may also be due

due to cell death. The

to mitosis of leukocytes

or to the continuous haemopoiesis from the amoebocyte-producing organ

as reported in .!l.. glabrata Ueong et a l ,.; 1983). In this connection

it may be noted that these fluctuations in total counts reflected

in fluctuations in the activity levels of acid and alkaline

phosphatases also in copper-stressed 1. exustus. In all the three

sub-lethal concentrations, copper induced leucocytosis and in all

the three concentrations, the activity of the enzymes was either

normal or high, and at no time period the activity was found

inhibited. In 1. acuminata f. rufescens also there was significant
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leucocytosis at all time periods in the experimentals except at

48 hr in 0.010 ppm dosed ones. Al t hough the explanation gi ven for

1.. exustus holds 500d for the fluctuations in the total counts of

1.. acuminata f. rufescens, it could not be correlated with enzyme

activity levels.

The results on haemoglobin concentration in 1.. exustus showed

size groupwise variation and snails of the intermediate size group

showed more haemog l.ob i n concentration than in snails of the other

two size groups. Lee and Cherig (1972) reported that total protein

and haemoglobin in ~. glabrata of different sizes vary, and

haemoglobin concentration 5radually increases with growth of the

snail. In general, they observed that the haemoglobin concentrations

changed with alterations in the total protein concentrations. Lee

and Cheng U 972) also reported that smaller snails having a shell

diameter between 10 and 16 mm, have a tendency to include a higher

percentage of haemo5lobin than larger ones, as evidenced by the higher

haemog Lob i rr/f.otal. protein ratios. On the other hand, larger snails

tend to include a great.er concentration of total protein in their

haemolymph. But in 1.. exustus although haemoglobin and protein

concentrations of still Lar ge r size group (above 15 mm) could not

be taken; protein and haemoglobin concentrations in snails of shell

size 11 and 15 mm showed variation. Between these two size groups

haemoglobin concentration did not increase with increase in size,

but protein concentration increased, as indicated by Lee and Cheng

(1972).
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Thus, it is concluded that (a ] shell size';age is a factor

which influence the nUffiber of haeffiocytes in the two s~ecies studied,

lb) significant leukocytosis in large size groups snails can be

correlated with increased resistance in these snails, lc) abiotic

factors such as temperature, and pH affect total cell count, (d )

snail-conditioned water does not influence the total count, and

le) copper ions induce leukoqtoses in both the species of snails.



C H APT E R - III



Freshwa ter molluscs are hyperosmotic, and maintain their body

fluid and tissue osmolarities above those of the environment. All

freshwater pulmonates have haemolymph osmolarities above those of

the environment (Machin, 1975), so that an osmotic gradient is

continually maintianed between their hyperosmotic body fluids and

tissues and the dilute freshwater environment, from which they gain

water by osmosis. Thus, in order to regulate body fluid and tissue

concentrations at hypersosmotic concentrations freshwater puLmoriat.es

must constantly excrete excess water and actively regain lost ions

against their respective osmotic and ionic gradients (Robertson,

1964; Prosser, 1973a, b; Machin, 1975). Most investigations on

osmoregulatory physiology in freshwater pulmonates have been carried

out on 1.. stagnalis, the largest of the common freshwater pulmonates

in northern temperate regions (Robertson, 1964; Van Aardt, 1968;

is less than that of terrestrial

basommatophoran pu1monates ranges

Greenaway, 1970; Machin, 1975). The body

from 124-150

pulmonates

fluid osmolarity of

mOsm/Kg H
20

which

(142-360 mOsm/Kg H
20)

(Machin, 1975), but higher than freshwater prosobranch snails

(74-113 mOsm-Kg H
20)

(Van Aardt, 1968; Machin, 1975). Such decreases

in body fluid osmolarity are adaptive in freshwater animals, reducing

osmotic and ionic gradients between the tissues and freshwater, and
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therefore decreasing water gain and solute loss rates (Prosser,

1973a,b).

In order to maintain hyperosmotic condition with the external

medium, freshwater pulmonates excrete the body fluids of excess water

by osmosis. Both freshwater pulmonates and prosobranchs produce

relatively concentrated excretory fluids having 75% of haemolymph

concentration (Robertson, 1964; Van Aardt, 1968). Thus, the excretory

fluid represents a site of considerable solute loss which must be

restored by active uptake of solutes from the environment. To overcome

the continuous flux of solutes from the haemolymph through the

excretory fluids, freshwater molluscs develop various osmoregulatory

mechanisms and hence the study of ionic composition in the haemolymph

has significant importance.

Compared to marine molluscs, the ionic concentrations and

osmotic pressures are always much less in freshwater forms and some

of the freshwater bivalves are among the most dilute animals known.

In marine molluscs, the ionic regulation consists mainly of raising

potassium and calcium ion concentrations, blood sodium and chloride

ions remaining practically in equilibrium with the surrounding medium,

but in freshwater species, the concentration of all the ions including

sodium and chloride ions appears to be regulated (Schof f en i.eLs and

Cilles, 1972). Freshwater molluscs as well as terrestrial ones produce

urine hypotonic to the blood (Little, 1965b, 1968, 1972). The

reabsorption of ions inevitably decreases the amount of salt loss
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from the body. Reabsorption of salts from urine appears to be the

main system involved in the blood ionic regulation of marine and

terrestrial species. However, in freshwater molluscs, this mechanism

can only compensate part of the salt loss both through the urine and

body walls. The loss of salts must thus be balanced in these species

by an active uptake from the surrounding medium (Schoffeniels and

Gil1es, 1972). The blood of freshwater molluscs is much more

concentrated in sodium and chloride ions than the environmental medium.

Sodium and chloride are generally the most abundant ions, while the

concentrations of potassium and magnesium are very low.

Active uptake of sodium, potassium and calcium by freshwater

molluscs has been demonstrated. The uptake of chloride was first

demonstrated in Anodonta and Lymnaea by Krogh (1939). He reported

that in Anodonta, sodium is actively absorbed even in the absence

of external chloride. This is supported and demonstrated in four

families of freshwater bivalves (Dietz, 1979). The chloride pump

exchanges chloride for bicarbonate and sodium uptake mechanism

exchanges sodium for hydrogen ions in !,.. stagnalis (De With et aL.

1980). This mechanism was also reported in Ligumia subrostrata and

Carunculina texasensis (Dietz and Branton, 1979). In L. stagnalis

sodium uptake is stimulated by loss of haemolymph and by sodium

depletion, which leads to a fall in haemolymph volume as well as

sodium concentration (Greenaway, 1970). De With et al. (1980) reported

that a low internal pH appropriately stimulates exchanges of sodium
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and hydrogen ions and inhibits exchange of chloride and bicarbonate

ions in L. stagnalis.

Graves and Dietz (1980) reported diurnal fluctuation in sodium

influx and in the concentration of sodium and chloride in the

haemolymph of C. texasensis~ Greenaway (1970) postulated hormonal

control in ion regulation and it may be that sodium uptake is

influenced by neurosecretion from the dark green cells (Swindale and

Benj amin, 1976) • Freshwater pulmonates maintain a continual net

uptake of calcium carbonate, the major component of the shell. In

freshwater, calcium is the maj or dissolved cation, its concentration

ranging from 1-3 rng Ca/Kg H
20

to concentrations greater than 400 mg

Ca/H
20

(Hunter and Lull, 1977). Majority of the freshwater

basommatophoran snails are highly calciphilic and are more successful

in waters of higher calcium concentrations (Young, 1975). Some

environmental calcium concentration ranges reported for freshwater

pulmonates are. 30-280 mg Ca/Kg H
20

for Lymnaea palustris (Hunter,

1972, 1975), and 6.9-93 mg/Kg H
20

for Biomphalaria pfeifferi

(Harrison et a l , , 1970). Several studies have shown that freshwater

pulmonates can absorb calcium required for shell growth directly

from the external medium (Greenaway, 1971; Wilbur, 1972). However,

a significant proportion of shell cal c Ium may also be absorbed from

ingested material when calcium is taken by across the digestive tract

epithelium (Van der Borght and van Puymbroeck, 1966, Young, 1975).
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When the external concentration is less than 0.5 mM, uptake of calcium

is against the electrochemical gradient. Greenaway (1971) reported

that the shell of freshwater pulmonates acts as a calcium buffer or

store from which lost haemolymph or tissue calcium can be released

during periods of calcium depletion caused by short term decreases

in external calcium concentrations such as caused by flooding.

The calcium cells, a special type of connective tissue cell

which is rich in calcium, are reported in gastropods by

Sminia et al. (1977). The main function of these cells are in the

synthesis and repair of shell and operculum and in the buffering of

pH of body fluids. (Burton, 1970; Istin and Girard, 1970). In

L. subrostrata, haemolymph calcium rises to anoxia, as much ,as eight

fold. The calcium or bicarbonate may be raised at low salinities

in freshwater and oligoha1ine bivalves (Bedford, 1973; Murphy and

Dietz, 1976; Deaton, 1981). In the case of Rapana thomasiana taken

out of water the calcium content and buffer value of haemolymph rise

as in bivalves (Alyakrinskaya, 1972), while P. virens when made

anaerobic, the haemolymph pH falls and lactate accumulates, but neither

calcium or magnesium changes in concentration (Meenakshi, 1956).

In L. stagnalis exposed to water equilibrated with 10% CO
2

in air,

the concentration of calcium in the haemolymph rises in a few hours

from about 3.6 to about 13 mM. At the same time, the number visible

CaC0
3

containing cells in the connective tissue of the foot markedly

falls (Sminia et a l , , 1977). In Planorbis corneus, the level of
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calcium was found to be correlated with the level of potassium

(Sorokina and Ze Lenskaya, 1967). I t is not known whether there is

hormonal control of calcium uptake, but there is evidence for a

hormone in the ganglia of Helisoma that somehow raises haemol.ymph

calcium (Khan and Saleuddin, 1979).

The normal ionic concentrations (mM) in the haemolymph of

several gastropods are reported. Some of them are given below:

. + + 2+Plla globosa, Na ~ 54.7, K ~ 4.9 and Ca ~ 7.8 (Saxena, 1957):

+ K+ -_ 2+Viviparus viviparus, Na ~ 34.0, 1.2, Ca ~ 5.7 and Cl ~ 31.0

(Little, 1965); f. corneus, Na+ ~ 50.0 K+ ~ 1.9, Ca2+ ~ 5.9 (Burton,

1968); and L. stagnalis, +Na ~ 55.3, 3.5 and

Cl ~ 36.2 (De With and Sminia, 1980). The effect of starvation

on the ionic concentration of L. stagnalis was studied by De With

et a1. (1980). The changes in starvation are mostly complete in

one day or even 6-8 hr in the case of sodium and potassium

(De With, 1978). Some of the changes in starvation could follow

from reduced metabolic production of CO 2• The lowered PC02 would

raise the pH and so both stimulate Cl/HC0
3

exchange and inhibit

Na/H exchange. The resulting depletion of bicarbonate ions would

restore the pH towards the normal. The number of calcium cells

containing concretions falls in starvation, and correlates more

with haemolymph calcium than with the environmental calcium (De With

and Sminia, 1980). De With and Sminia (1980) have also shown that

concentrations of cal c t um and carbonate are lowered in starvation,

but the relationship of this to the solubility of CaC0
3

is
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controversial. The role of the shell here is unclear, but it helps

maintain haemolymph calcium when calcium is lost in the medium

(Greenaway, 1971).

Prasad et al. (1985) studied the effects of xiphidio cercarial

infections on the ionic composition of the L. luteola. Sodium,

potassium and calcium levels in foot mantle, digestive gland, and

body fluid have been estimated. There is marked increase in sodium

and potassium in body fluid during infection while no change is

observed in the tissues. The most significant observation made is

the increased calcium levels in body fluid with ion concentration

decrease in tissues, especially mantle and digestive gland. However,

such marked increase will have profound effect on the overall

neuromuscular physiology of the snail. The increase in the calcium

levels in the body fluids could be attributed to maintenance of pH

of blood, since anaerobic conditions are reported to prevail in vivo

in infected snails. The concomitant decrease in the calcium levels

observed in the mantle and digestive gland may be attributed to the

leakage of clacium into the body fluid.

The nitrogenous degradation products, ammonia, urea and uric

acid, are generally transported with the body flUids to places where

they are excreted or further processed. The amounts of nitrogenous

degradation products produced are indicative of the activity of the

protein, and nucleic acid metabolism of an animal so that any unusual

stress imposed on the latter must make itself apparent in a change

in the amounts of ammonia, urea and uric acid produced.
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Rao and Narayanan (1976) analysed the nitrogenous compounds

in the body fluid of four selected freshwater gastropods, k. luteola,

I. exustus, E. globosa and ~. bengalensis. Lymnaea and Indoplanorbis

differ from Pila and Viviparus in their ratio of ammonia to urea.

While it is 3.73 in Lymnaea, and 3.6 in Indoplanorbis, it is 7.36

in Pila and 6.6 in Viviparous. Lymnaea and Indoplanorbis are reported

to be ureotelic while Pila and Viviparus ammonotelic. Urea retension

is reported to be a reason for Lymnaea and Indoplanorbis to be the

preferred host for larval trematodes. Reddy et a1. (1974) reported

the levels of ammonia, urea, and uric acid in the hepatopancreas,

mantle, foot and body fluid of active, aestivating and revived

P. globosa. The ammonia and urea levels decreased on aestivation,

while the uric acid level increased several fold. On revival, the

ammonia level increased in the body fluid but decreased in the foot,

mantle and hepatopancreas, and the urea and uric acid levels increased

to a considerable extent in all the tissues. A shift towards uric

acid synthesis on aestivation and urea synthesis on revival through

uricolysis has been suggested.

There are a few reports on the concentration of urea in the

haemolymph. De Jorge et al. (1965) reported a high value of

30.5 mg/IOO ml of urea for Strophocheilus oblongus, while Tramell

and Campbell (1970) were unable to identify any urea in ~. oblongus.

Vasu and Giese (1966) found approximately 9 mg/IOO ml of urea in

Cryptochiton stelleri during the winter. In two individuals of
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~. stagnalis, Friedl (1961) determined chromatographically, 0.46

and 0.61 mg!lOO ml of urea, respectively. Becker and Schmale (1978)

found that in normally fed B. glabrata, the urea concentration

fluctuated between 0 and 1.05 mg!lOO ml, and in 5 days starved snails

it was found to be 5.12 mg!lOO ml. Meyer and Becker (1980) reported

the effects of exposure (to ammonium chloride solutions) on urea

concentrations in the haemolymph, urea excretion rate, and an

incorporation rate of .1 4CO in urea in the digestive gland, in vitro.
2

During these experiments significant increase in the urea

concentration in the haemolymph was reported.

Comparison of NH3-N concentrations in the body fluid of various

molluscs showed that the NH
3-N

concentration in the haemolymph of

~. glabrata is very low, of about 0.1 mg!lOO ml. Florkin and Houet

(1938) also reported a low NH
3

value of 0.051-0.071 mg!lOO ml in

A. cygnea. The highest value was reported in terrestrial pulmonates,

!!.. pomatia with 1.2 and Arion rufus with 1.4 mg!lOO ml NH3-N. Becker

and Schmale (1978) reported that NH
3-N

concentration in normally

fed ~. glabrata varied between 0.031 and 0.145 mg!lOO ml, and that

in 5 day starved snails rose to an average value of 0.111 mg!

100 ml. The rise in the NH
3-N

and urea concentrations may be either

due to a decrease in the activity of the excretion process, caused

by starvation which brings about an increased concentration of urea

or the body protein decomposition during the period of starvation.
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The energy metabolism in gastropods is generally carbohydrate

based as reported in freshwater snails 1.. stagnalis (Veldhuij zen

and Van Beek, 1976), and E.. corneus (Emerson, 1967). Glucose is

the main form of carbohydrate detected in the tissues and body fluid

of most gastropods. Other sugars found in gastropods include

galactose, fructose, xylose, ribose, fucose, mannose etc. Rao and

Onnurappa (1979) identified fructose, xylose and ribose in the

digestive gland, and glucose and galactose in both the digestive

gland and body fluids of L. luteola. Renwrantz et al. (1976)

reported glucose (216 r g/ml), galactose (24 rg/ml) fucose (8 rg/ml),

and mannose (8 rg/ml) in the ultrafiltrate of the haemolymph of

!!.. pomatia. Sugar derivatives such as N-acetylgalactosamine and

N-acetyl glucosamine also occur but are usually incorporated into

glycoproteins. The blood glucose levels reported in a number of

of gastropods include, Ariolimar columbianis, 1.55 mM (Meenakshi

and Scheer, 1968); L. stagnalis, 0.17 mM (Fr i ed l , 1968, 1971);

~. glabrata, 1.07-1.56 mM (Cheng and Lee, 1971); 1.. alte, 1.54 mM

(Kulkarni, 1973); !!.. pomatia, 1.20 mM (Renwrantz et a l , , 1976), and

~. glabrata, 0.62 mM (Liebsch et a1., 1978). Scheerboom et a1.

(1978) reported blood glucose level of 0.61 - 1.11 mM in 1.. stagnalis

maintained on Bemax, while lettuce fed snails showed 0.28

0.34 mM (Scheer boom and Hemminga, 1978) • Becker (1972) reported

intraindividual variability in glucose level in !. glabratus and

reported that glucose concentrations varied between 0.06 and

0.96 mM over a period of 6 hr.
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In gastropod tissue carbohydrate occurs mainly in two types

of connective tissue cells, the granular cells and vesicular

connective tissue cells. Sminia (1972) reported comparable results

in L. stagnalis • The granules found in the granular cells are

cysteine-rich glycoproteins, and these cells are dispersed

throughout the body. The vesicular connective tissue cells are

the major storage cell for glycogen with an important role in the

nutrition of the tissues. The main storage carbohydrates in

gastropods are glycogen and galactogen. Glycogen is mainly found

throughout the tissues especially in the hepatopancreas, foot and

mantle, and the concentrations

weight (Livingstone, 1982).

are approximately 10-307 of the dry

Glycogen also occurs in the muscle

tissues, and in f. virens glycogen is reported in triturative stomach

muscles and the radular muscle (Suryanarayanan and Alexander, 1973).

Rao et al. (1979) reported that the levels of glycogen depend on

the extraction methodology, and found a variation of 1.4 to 2.6 times

in L. luteola. Galactogen is restricted to the albumen gland

portion of the female reproductive tract of adult pulmonates and

to eggs (Goudsmit, 1972, 1973). It is a major nutritive reserve

of the embryos and can also be used as an emergency food source

in starvation, only after complete utilization of glycogen

(Livingstone and de Zwaan, 1983). The occurrence of galactogen

has been reported in the albumen glands of k. stagnalis, ~. pomatia

Catinella vermeta, Omalonyx felina I and Oxlyoma retusa (Rudolph,

1974).
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Haemolymph glucose concentrations vary greatly with

individual species, and may be influenced by handling, food quality

and quantity, seasonal changes, parasitic infection, and indirectly

by temperature (Veldhuij zen, 1975b), and photoperiod (Bohlken

et al., 1978) through their effect on reproductive activity. The

haemolymph glucose concentration is related to the quality of food

assimilated (Meenakshi and Scheer, 1968; Friedl, 1971; Scheerboom

1978; Stanislawski and Becker, 1979) or quantity of the food.

Scheerboom (1978) reported that snails fed with small lettuce rations

have the same glucose concentrations as those of standard snails,

and when assimilation was between 20 and 30 ·mg (dry weight), the

glucose levels increased with increasing amount of food assimilated.

The consumption of food itself is under the control of the haemolymph

glucose concentration, and is inhibited by concentrations above

120 pg/ml (Scheerboom and Doderer, 1978). The increased food

availability and intake result in accumulation of carbohydrate which

results in higher blood sugar levels (Lambert and Dehnel, 1974;

Scheerboom and van Elk, 1978).

The carbohydrate metabolism of many gastropods is seasonally

variable. The carbohydrate levels are generally highest in summer

and autumn, and lowest in winter (Marques and Pereira, 1970;

Chatterjee and Ghose, 1973; McLachlan and Lombard, 1980). In

H. Pomatia, glycogen is synthesized and stored in several tissues

during autmn and subsequently catabolized during winter hibernation.

In spring, the snails begin re feeding and accumulate galactogen
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in the albumen gland. In summer the galactogen is transferred to

the eggs and no more galactogen is then synthesised until the next

egg laying season (Goudsmit, 1973, 1975). During aestivation, as

a result of decreased oxygen consumption and Kreb's cycle oxidation,

are utilizedhaemolymph body

resul ting in

reserves,

decreased

particularly

level of

carbohydrate,

carbohydrates (Heeg, 1977;

Krupanidhi et al., 1978, Swami and Reddy, 1978; Horne, 1979).

Starvation also results in reduced metabolic rate, and carbohydrate

consumption is increased in starved gastropods (Emerson, 1967;

Christie et aL, , 1974; Stanislawski and Becker, 1979). Changes

in carbohydrate levels associated with circadian fluctuations were

reported in the slug 1.. alte. The total carbohydrate of several

tissues was the highest during the inactive light phase and lowest

during the active dark phase (Kumar et al., 1981).

Parasitism is a factor which results in decreased tissue

carbohydrate levels and blood glucose concentrations as a result

of infection as reported in ~. alexandrina (Mohamed and Ishak, 1981),

and ~. glabrata (Cheng and Lee, 1971, Christie et al., 1974) infected

with Schistosoma mansoni; I. exustus infected with Cercariae indicae

(Vaidya, 1979), and in 1.. luteola (Krishna and Simha, 1977) infected

with xiphidio, amphistome or furcocercus cercariae. However, Manohar

and Rao (1976) reported no

in L. luteola. Ishak et

change in carbohydrate and sugar levels

al. (1975), reported that ~. mansoni

infected B. alexandrina and Bulinus truncatus showed lowered capacity
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for Kreb' s cycle oxidations, lowered cytochrome oxidase activity,

lowered gluconeogenesis, increased lactate production, and depletion

in glycogen reserves. The depletion in glycogen is due to the shift

from an aerobic to anaerobic metabolism. Similarly, it must be

partly responsible for decreased gluconeogenesis.

Hormonal regulation for carbohydr.ate metabolism is reported

in molluscs and several studies indicate the existence of mechanisms

for regulating blood glucose levels and for counteracting hypo and

hyperglycemia (see Joosse and Geraerts, 1983). In L. stagnalis,

although fixed maximum blood glucose concentrations are not apparent,

a minimum level is maintained in starved animals (Veldhuijzen,

1975a). Insulin - like activity and homologues of pancreatic

~-cells in the digestive tract have been identified in several

gastropods, H. aspersa (Goddard et al., 1964), l!.. pomatia (Ammon

et al., 1967), and Buccinum undatum (Boquist et al., 1971; Davidson

et al., 1971).

The serum proteins in molluscs are reported to be engaged

in maintaining the osmolarity, transport of ions, immune mechanisms,

and homoeostasis. Proteins have also been implicated to perform

detoxification of metal ions (Simkiss and Mason, 1983), and

recognition of self and non-self materials (Cheng, 1986). The

concentration of total free-aminoacids in freshwater gastropods

is low in the tissues (4-10 mM), and haemolymph (0.3-1.5 mM)

(Simpson et al., 1959; Gilbertson and Schmid, 1975; Reddy and
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Swami, 1978; Stanislawski et al., 1979). Almost all aminoacids

are reported in gastropod haemolymph, the important being alanine,

glycine, glutamine, aspartate, serine, and threonine. The amtnoac i d

concentrations in the tissues as well as extracellular fluid

compartments of molluscs vary with diet, season, temperature,

desiccation, anaerobiosis, osmotic pressure, pollution, parasitism,

and during reproduction and developmental stages. Respiratory

pigments, haemocyanin and haemoglobin, are the other major proteins

found in molluscan haemolymph. Haemoglobin is reported in

1. exustus and in ~. glabrata, while haemocyanin in f. globosa and

L. stagnalis. Haemoglobin has also been reported in bivalves (see

Patel and Pate l., 1964). The primary function of these proteins

is to increase the absorption coefficient of oxygen in circulating

fluids, thus augmenting the oxygen content of the blood (Ghiretti

and Ghiretti-Magaldi, 1972).

Variations in haemolymph protein concentration of ~. glabrata

have been described by several authors (Gilbertson,et al.1967; Lee and

Cheng, 1972; Becker and Hirtbach, 1975). Lee and Cheng (1972)

described a decline in the total protein concentrations in the

haemolymph after 2 days of starvation, while Becker and Hirtbach

(1975) reported a decline after 7 days of starvation. Reddy and

Naidu (1978) studied protein concentration in the blood of active,

aestivated, and one month starved f. globosa and reported greater

orientation towards protein metabolism during starvation. Although



70

there was a general decrease in total protein content in the blood

upon aestivation and starvation, the decrease upon starvation was

significantly higher (Reddy and Naidu, 1978). Haemolymph protein

concentration and free aminoacid levels in B. glabrata were found

to change during infection (Dusanic and Lewert, 1963; Gilbertson

et al., 1967; Lee and Cheng, 1972). In B. glabrata infected with

S. mansoni, the protein concentration had declined to one third

that of uninfected snails after 70 day post-exposure (Gress and

Cheng, 1973), but ~. glabrata challenged with bacteria showed an

elevation in the serum protein (Cherig et al., 1978a). The increase

in protein concentration was attributed to hyper - synthesis of some

yet unidentified host humoral protein fraction.

Although knowledge of lipids in molluscs has increased

considerably, there is still little insight as to how molluscs manage

to achieve and to maintain a characteristic composition of lipids,

despite the often quite different lipid composition of the diet

(Voogt, 1983). In gastropods, lipids are mainly stored in gonads,

digesti ve gland, and midgut gland (Giese, 1966; Lumbert and Dehne l ,

1974; Streit, 1978). Holland et al. (1975), reported high lipid

contents in the ve1iger larvae of several Littorina species.

Information on the mechanism of transport of lipid in the

haemolymph of molluscs is scarce. Giese (1969) reported that the

lipid level in the visceral mass of gastropods decreases, while

in the ovary it increases (just before spawning), and increases
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These changes suggest mobilization of the

nutrients and transport to gonads especially to the ovary. The

mechanism of transport and composition of lipid in C. stelleri were

reported by Allen (1977). Gilbert and Chino (1974) determined the

rate of entry and exit of lipid into plasma lipid compartments by

invitro experiments using prelabelled plasma or the reverse. The
~--

ingested lipid is transported in the form of free fatty acids and

triglycerides in blood.

The metabolism .in carnivorous prosobranchs .is reported

to be lipid oriented (Stickle and Duerr, 1970). In Melania scabra

(Muley, 1975), a reciprocal relationship was observed between the

synthesis of lipids and utilization of proteins, and vice versa.

Chatterjee and Ghose (1973) reported the utilization of lipid during

breeding in V. bengalensis and Acrostoma variabile. Strei t (1978)

reported that in Ancylus fluviatilis lipid storage is larger in

summer than in winter, and during starvation lipid is used first

followed by carbohydrates. In~. africanus, the main reserve seems

to be protein, but during aestivation lipid is metabolised over

carbohydrates, whereas under starvation, the opposite takes place

(Heeg, 1977). Allen (1977) reported that there was no sex-wise

difference in the plasma lipid concentration. Parasitism is an

important factor which influences lipid concentration to a certain

extent. Lipase activity is elevated under exposure to Bacillus

megaterium indicating increased lipid hydrolysis during bacterial
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stress (Cheng and Yoshino,1976a). Babu et al. (1981) reported rapid

depletion during cercarial infection in k. luteola.

In this chapter results of a study on the various inorganic

- sodium, potassium, calcium, chloride, and ammonia - and organic

- urea, glycogen, total carbohydrate,

constituents in the haemolymph of

total protein I and lipids 

the three size groups of

I. exustus and L. acuminata f. rufescens are reported.

3.2 MATERIALS AND METHODS

Methods of collection of snails, acclimatisation, selection

of size groups, and method of collection of haemolymph were the

same as described in section 2.2.

The number of snails employed for studying the various

haemolymph constituents in the three size groups each of the two

species of snails is given below. In the case of 1. exustus, 15

snails each from 7 ~ 1 mm,and 15 + 1 mm, and 20 from 11 + 1 mm size

group were employed to study the haemolymph sodium, potassium and

calcium. To study the chloride contents 25 snails from 7 + 1 mm,

30 from 11 + 1 mm, and 20 from 15 + 1 mm size groups were employed.

Groups of 25 snails from 7 + 1 mm and 11 2:. 1 mm, each and 20 from

15 2:. 1 mm were used to study the total carbohydrate present in the

haemolymph. To study other parameters, viz. urea, ammonia, glycogen,

total protein, and total lipid, 15 snails from each size group were

employed.
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In the case of L. acuminata f. rufescens, 12 snails from each

size group were selected for studying the various haemolymph

constituents except chloride for which 15 snails from each size group

were employed.

3.2.1 Estimation of Sodium, Potassium and Calcium

Sodium, potassium and calcium levels were estimated by the

Flame photometric method (Robinson and Ovenston, 1951., Oser, 1965).

For this, 0.2 ml of haemolymph was added to 2.0 ml of conc , nitric

acid and kept over a sand bath for 15 minutes. The acid digest was
r

then made upto la ml in a la ml standard flask with deionized

distilled water. Sodium, potassium and calcium were quantitatively

estimated using a Flame Photometer (Elico, Type-22). Standard

solutions of sodium, potassium,and calcium were prepared using AnalaR

grade chemicals. The concentrations of sodium, potassium and calcium

in the samples were calculated from the standard graphs, and expressed

as p equivalents/ml of haemolymph.

3.2.2 Estimation of Chloride

Chloride content in the haemolymph was estimated using a

Chloride Meter (ELICO CHLORIDE METER MODEL EE 34) with its

associated standards and reagents, Chloride Meter offers simple,

rapid and highly accurate chloride estimation without the need of

calibration curve. After standardisation with standard NaCl solution

(100 mEq per litre), 0.1 ml of haemolymph was added to the reagent
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mixture (acid buffer and gelatin solution), titrated, and the reading

was directly measured and expressed as milliequivalents/litre.

3.2.3 Estimation of Ammonia

Phenol-hypochlorite method, as described by Grasshoff and

Johannsen (1972) was employed to determine the haemolymph ammonia.

For this, 0.2 ml of haemolymph was added to 2.0 ml of 80% ethanol

and centrifuged at 5,000 rpm for 5 minutes. The supernatant was

taken in a clean test tube and made up to 5 ml. To this, 0.2 ml

of phenol solution was added followed by 0.2 ml of sodium

nitroprusside solution and shaken well. Then 0.5 ml of oxidising

solution was added and mixed well. The test tubes were capped tightly

and kept in dark for 2 hrs , and later the readings were measured

at 640 nm. The concentration of ammonia in the haemolymph was

expressed as NH
3-N

in mg/100 ml,and calculated from a standard graph

using NH4Cl as standard.

3.2.4 Estimation of Urea

Diacetyl-monoxime method as described by Natelson (1972) was

employed to estimate the haemolymph urea. For this, 0.1 ml of

haemolymph was added to 3.3 ml of distilled water followed by

0.3 ml of 10% sodium tungstate and 0.3 ml of 2/3 N H
2SO

4. The sample

was then centrifuged at 3,000 rpm for 10 minutes and 1 ml of

supernatant was taken in a clean test tube. To this, 1 ml distilled

water was added followed by 0.4 ml of diacetyl monoxime and 1.6 ml
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of sulphuric acid-phosphoric acid mixture, and kept in a boiling

water bath for 30 minutes, then cooled and read spectrophotometrically

at 480 nm, The concentration of urea in mg/lOO ml was found out

from a standard graph prepared with urea standard.

3.2.5 Estimation of Glycogen

Glycogen in the haemolymph was determined following the method

of Montgomery (1957). The method is as follows: 0.1 ml haemolymph

was pi petted into a clean test tube containing 1.0 ml of 10%

Trichloroacetic acid to deproteinize the haemo Lymph, It was then

centrifuged for 10 minutes at 2,500 rpm, and the supernatant was

decanted into another test tube. For determination of glycogen,

1.2 ml of 95% ethyl alcohol was added to 1.0 ml of the supernatant,

kept undisturbed for overnight in a refrigerator, then centrifuged

at 2,500 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 5.0 ml of

conc , sulphuric acid was added forcefully with a blowout pippette

for thorough mixing, and kept for 30 minutes at room temperature.

After, cooling, the optical density was measured at 490 nrn , and the

glycogen present in the haemolymph was measured from a standard

graph using glucose as the standard. The glycogen present in the

haemolymph was expressed as fg/ml (in glucose equivalents).
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3.2.6 Estimation of Total Carbohydrate

The total carbohydrate present in the haemolymph was determined

following the method of Dubo i s et al. (1956). For this, 0.1 ml of

haemolymph was pi petted into a clean test tube containing 0.1 ml

of 80% phenol. To this, 1.9 ml of distilled water was added followed

by 5.0 ml of cone. H
2S04•

The samples were mixed well and kept at

room temperature for 30 minutes. After cooling, the optical density

was measured at 490 nm. Total carbohydrate present in the haemolymph

was measured from a standard curve prepared with glucose standard,

and the results were expressed as fg glucose equivalents per ml ,

3.2.7 Estimation of Total Protein

Protein was estimated employing Lowry' s method (Lowry et a l., ,

1951). For this, 0.1 ml haemolymph was deproteinized in 1.0 ml of

10% Trichloroacetic acid and centrifuged at 2,500 rpm for 10 minutes.

The supernatant was drained and 1.0 ml of 0.1 N NaOH was added to

the precipitate. From this, 0.2 ml of extract was pipetted into

another test tube and made upto 1.0 ml with distilled water. To

this, 5.0 m1 of alkaline copper reagent was added and mixed well.

After 10 minutes, 0.5 ml of Folin' s phenol reagent was added and

shaken well. After 45 minutes the optical density was measured at

500 nm and the protein concentration was found out from a standard

curve employing bovine serum albumin as the standard. The results

were expressed as mg protein/ml of haemolymph.
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3.2.8 Estimation of Lipid

Sulphophosphovanillin method as described by Barnes and

Blackstock (1973) was employed to estimate lipid present in the

haemolymph. For this, 0.2 ml haemolymph was taken in a clean test

tube, and 1.0 ml of methanol was added followed by 2.0 ml of

chloroform and 2.0 ml of methanol-chloroform mixture (l: 2). This

mixture was shaken well, and 0.2 ml of 0.9% NaCl was added to it.

The mixture was poured into a separating funnel, mixed well and

allowed to stand for 30 minutes. The lower phase was then separated

into a clean test tube and dried in a vacuum desiccator over silica

gel. Then, 0.5 ml conc , H
2S04

was added to it and mixed well. The

test tube was plugged with non-absorbant cotton and placed in a

boiling water bath for 10 minutes. After cooling, 5.0 ml of

phosphovanillin reagent was added to 0.2 ml of the acid digest, mixed

well and allowed to stand for 30 minutes. The developed colour was

measured spectrophotometrically at 520 nm. Cholesterol was used

for preparing the calibration curve, and the result expressed as

fg/ml (in cholesterol equivalents).

3.2.9 Computation and Presentation of Data

The experimental results are represented in Tabular form and

the data analysed statistically by two tailed student's 't' test

to manifest the variation among different size groups. The variations

were reported at three significant levels, viz. f < 0.05, 0.01, and

0.001 • All the computations were carried out using a personal

computer (Casio Fx-730P). All spectrophotometry readings were done

using HITACHI Model UV-Vis spectrophotometer U-2000.
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3.3 RESULTS

3.3.1 Sodium

3.3.1.1 Indop1anorbis exustus (Table 7A)

Statistical analysis of the data revealed that the average

value of 15 ~ 1 mm size group was significantly lower than the average

values of the two other size groups (f< 0.001). while the values

in 7 + 1 mm and 11 + 1 mm size groups, between them, showed no

significant variation.

3.3.1.2 Lymnaea acuminata f. rufescens (Table 7B)

Statistical analysis of the data revealed that the average

values of 21 + 1 mm size group was significantly lower than the

values in the two other size groups (f < 0.001). There was no

significant variation in values between 13 + 1 mm and 18 + 1 mm

size groups.

3.3.2 Potassium

3.3.2.1 Indoplanorbis exustus (Table 8A)

Statistical analysis of the data revealed that there was

significant variation among

potassium in the three size

the average

groups. The

values of haemolymph

average value in the

15 + 1 mm size group was significantly lower than the values in

11 + 1 mm (f<O.OOl) and 7 ~ 1 mm (f<O.OOl). When the value in

the size group 7 ~ 1 mm was compared with that of 11 ~ 1 mm. the

former showed significantly higher value than the latter (P < 0.05).
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Haemolymph Sodium (p equivalents/ml) in the three size

groups of Indoplanorbis exustus

Size group

N

Mean value

± SD

Range

7±1 mm

15

42.45

2.44

39.13-47.82

1I±1 mm

20

42.12

5.74

33.04 - 53.91

15±1 mm

15

30.95

3.47

23.47 - 35.65

Table 7E. HaemolymphSodium (r equivalents/ml) in the three size

groups of Lymnaea acuminata f. rufescens

Size group

N

Mean value

± SD

Range

13±1 mm

12

38.54

3.92

31.30 - 45.20

18±1 mm

12

37.41

3.49

31.30 - 45.20

21±1 mm

12

30.84

3.52

25.20 - 35.60
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Haemolymph Potassium ( ? equivalents/ml) in the three

size groups of Indoplanorbis exustus

Size group 7±1 mm 11±1 mm 15±1 mm

N 15 20 15

Mean value 3.24 2.61 1.47

± SD 0.66 0.84 0.47

Range 2.56 - 3.84 1.02 - 4.10 1.02 - 2.56

Table 8B. Haemolymph Potassium ( ~ equiva1ents/ml) in the three

size groups of Lymnaea acuminata f. rufescens

Size group 13±1 mm 18±1 mm 21±1 mm

N 12 12 12

Mean value 1.96 1.62 1.28

± SD 0.66 0.53 0.27

Range 1.02 - 3.07 1.02 - 2.05 1.02 - 1.54
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3.3.2.2 Lymnaea acuminata f. rufescens (Table 8B)

Statistical analysis of the data revealed significant variation

in values betwen size groups 13 ::!:. 1 mm and 21 + 1 mm. The average

value of potassium was significantly higher in 13 + 1 mm than in

21 + 1 mm (P< 0.01).

3.3.3 Calcium

3.3.3.1 Indoplanorbis exustus (Table 9A)

When the datas were statistically analysed significant

variations in calcium level among the three size groups were noted.

The average value of calcium in the size group 11 + 1 mm was

significantly lower than that in 7 + 1 mm (P< 0.001), and 15 ::!:. 1 mm

size group (P < 0.01). while 7 + 1 mm size group snails showed

significantly higher haemolymph calcium than in 15 + 1 mm size group

(P<O.Ol).

3.3.3.2 Lymnaea acuminata f. rufescens (Table 9B)

When the values in the three size groups were compared,

21 + 1 mm size group showed significantly higher values than the

other two size groups (P<O.OOl). There was no significant variation

in values between 13 + 1 mm and 18 + 1 mm size groups.

3.3.4 Chloride

Statistical analysis of the data revealed that there was no

significant variation in chloride levels in the three size groups

of I. exustus (Table lOA), and L. acuminata f. rufescens (Table lOB).
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Haemolymph Calcium ( f equivalents/ml) in the three size

groups of Indoplanorbis exustus

Size group

N

Mean value

± SD

Range

7±1 mm

15

29.66

5.89

22.50 - 40.00

11±1 mm

20

16.90

3.97

10.00 - 26.00

l5±1 mm

15

22.40

5.92

8.00 - 29.00

Table 98. Haemolymph Calcium ( f equivalents/ml) in the three size

groups of Lymnaea acuminata f. rufescens

Size group

N

Mean value

± SD

Range

l3±1 mm

12

11.41

3.75

9.00 - 14.00

l8±1 mm

12

10.08

2.06

7.00 - 14.00

2l±1 mm

12

16.25

2.22

13.00 - 18.00
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Haemolymph Chloride ( /u equivalents/ml) in the three

size groups of Indoplanorbis exustus

Size group 7±1 mm 11±1 mm

N 25 30

Mean value 38.92 38.13

± SD 4.63 6.32

Range 30.00 - 50.00 26.00 - 54.00

15±1 mm

20

36.12

5.38

28.00 - 52.00

Table lOB. Haemolymph Chloride ( f equivalents/ml) in the three

size groups of Lymnaea acuminata f. rufescens

Size group

N

Mean value

± SD

Range

13±1 mm

15

43.60

6.06

33.00 - 59.00

18±1 mm

15

42.26

3.82

38.00 - 52.00

21±1 mm

15

43.93

4.02

38.00 - 51.00
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3.3.5 Ammonia

Statistical analysis of the data revealed that there was no

significant variation in ammonia levels in the three size groups

of 1. exustus (Table 11A), and k. acuminata f. rufescens (Table lIB).

3.3.6 Urea

3.3.6.1 Indoplanorbis exustus (Table 12A)

Statistical analysis of the data revealed that the average

values in 15 + 1 mm size group was significantly higher than the

average values in the two other size groups (P <0.01). There was

no significant variation in haemolymph urea values among 7 + 1 mm,

and 11 ~ 1 mm size groups.

3.3.6.2 Lymnaea acuminata f. rufescens (Table 12B)

When data were statistically analysed, significant variation

in values was found only between size groups 13 + 1 mm and

21 + 1 mm. The haemolymph urea value in the size group 21 + 1 mm

was found to be significantly higher than the value in 13 + 1 mm

size group (f.< 0.05).

3.3.7 Glycogen

3.3.7.1 Indoplanorbis exustus (Table 13A)

There was significant variation in haemolymph glycogen levels

between two size groups. The average value of glycogen in

15 + 1 mm size group was significantly higher than the values in
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Haemolymph Ammonia (mg/100 ml) in the three size

groups of Indop1anorbis exustus

Size group 7±1 mm 11±1 mm 15±1 mm

N 15 15 15

Mean value 1.52 1:35 1.33

± SD 0.49 0.57 0.29

Range 0.44 - 2.23 0.63 - 2.77 0.63 - 1;93

Table 11B. Haemo1ymph Ammonia (mg/100 m1) in the three size

groups of Lymnaea acuminata f. rufescens

Size group

N

Mean value

± SD

Range

13±1 mm

12

0.39

0.12

0.25 - 0.55

18±1 mm

12

0.39

0.13

0.19 - 0.62

21±1 mm

12

0.39

0.11

0.22 - 0.55
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Haernolymph Urea (mg/l00 ml) in the three size groups

of Indoplanorbis exustus

Size group 7±1 mm 11±1 mm 15±1 mm

N 15 15 15

Mean value 2.50 2.61 3.47

± SD Cl.62 0.55 0.87

Range 1.61 - 3.83 1.61 - 3.83 1.81 - 4.84

Table 12B. Haemolymph Urea (mg/l00 ml) in the three size groups

of Lymnaea acuminata f. rufescens

Size group 13±1 mm 18±1 mm 2l±1 mm

N 12 12 12

Mean value 6.36 7.75 9.28

± SD 4.05 2.17 1.89

Range 2.62 - 13.33 4.84 - 10.90 5.64 - 12.52
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Haemolymph Glycogen ( fg glucose/ml) in the three size

groups of Indoplanorbis exustus

Size group

N

Mean value

± SD

Range

7±1 mm

15

41.86

13.56

20.10 - 73.04

11±1 mm

15

53.56

17.79

25.85 - 81.36

15±1 mm

15

117.55

33.09

71.80 - 169.14

Table 13B. Haemolymph Glycogen ( ~g glucose/ml) in the three size

groups of Lymnaea acuminata f. rufescens

Size group

N

Mean value

± SD

Range

13±1 mm

12

69.20

20.12

34.40 - 112.00

18±1 mm

12

47.61

16.48

26.00 - 77.00

21±1 mm

12

118.27

39.92

77.50 - 198.20
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the other two groups (P <0.001). There was no significant variation

in values among size groups 7 + 1 mm and 11 ~ 1 mm.

3.3.7.2 Lymnaea acuminata f. rufescens (Table 13B)

There was significant variation in haemolymph glycogen levels

among the three size groups. The mean value of glycogen in

21 ~ 1 mm size group was significantly higher than the values in

the other two groups (E.< 0.001). When the value in 13 + 1 mm size

group was compared with the value in 18 + 1 mm size group. the latter

size group showed a significantly lower glycogen level (E.< 0.001).

3.3.8 Total Carbohydrate

3.3.8.1 Indoplanorbis exustus (Table 14A)

Statistical analysis of the data revealed that there was size

related significant elevation in total carbohydrate level in the

haemolymph of the three size groups. The average value in

15 ~ 1 mm size group was significantly higher than those in the other

two groups (P < 0.001). When the values in 7 + 1 mm size group and

11 ~ 1 mm size group were compared, the latter showed significantly

higher value (E.< 0.001).

3.3.8.2 Lymnaea acuminata f. rufescens (Table 14B)

The total carbohydrate content in the haemolymph was found

to be size dependent. The average value in 21 ~ 1 mm size group

was significantly higher than the values in the other two groups
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Size group

N

Mean value

± SD

Range

Table 14B.
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Haemolymph Total Carbohydrate ( fg glucose/ml) in the

three size groups of Indoplanorbis exustus

7±1 mm 11±1 mm 15±1 mm

25 25 20

939.26 2128.92 3720.82

358.31 1337.25 910.09

334.00 - 1497.00 766.60 - 4988.00 1453.50 - 4843.00

Haemolymph Total Carbohydrate ( fg glucose/ml) in the

three size groups of Lymnaea ~acuminata f. rufescens

214.40 - 457.10·285.00 - 507.30

Size group

N

Mean value

± SD

Range

13±1 mm

12

347.66

77 .01

18±1 mm

12

410.08

70.98

21±1 mm

12

496.00

77•41

300.20 - 561.20
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(£. < 0.001). When the value in 13 ±. 1 mm size group was compared

with that in 18 + 1 mm, the latter showed significantly higher value

(£.<0.05).

3.3.9 Total Protein

3.3.9.1 Indoplanorbis exustus (Table 15A)

There was significant variation in haemolymph protein values

among the three size groups, and it was size dependent. The average

value in 15 + 1 mm size group was significantly higher than those

in 11 ±. 1 mm (£.<0.05), and 7 ±. 1 mm (£.< 0.001). When the value in

7 ±. 1 mm size group was compared with that in 1L ±. 1 mm, the latter

showed significantly higher protein level (£.<0.01).

3.3.9.2 Lymnaea acuminata f. rufescens (Table 15B)

Statistical analysis of the data revealed size related increase

in the level of haemolymph protein among the three size groups.

The mean protein value in 21 + 1 mm size group was significantly

higher than those in 18 + 1 mm (£.< 0.05), and 13 ±. 1 mm size group

(£. < 0.001). Similarly, there was significantly higher level of

protein in 18 + 1 mm size group than in 13 + 1 mm (£.< 0.01).

3.3.10 Total lipids

3.3.10.1 Indoplanorbis exustus (Table 16A)

The mean lipid value in 15 + 1 mm size group was significantly

lower than those in the other two size groups (£.< 0.001). There

was no significant variation in the mean values between 7 + 1 mm

and 11 ±. 1 mm size groups.



Table 15A.

91

Haemolymph Protein (m~/m1) in the three size groups

of Indop1anorbis exustus

Size group 7±1 mm 1l±1 mm 15±1 mm

N 15 15 15

Mean value 12.92 15.71 18.32

± SD 2.62 2.71 2.38

Range 8.65 - 16.04 12.31 - 20.44 15.29 - 23.48

Table 15E. Haemo1ymph Protein (mg/m1) in the three size groups of

Lymnaea acuminata f. rufescens

Size group 13±1 mm 18±1 mm 21±1 mm

N 12 12 12

Mean value 3.54 4.73 5.78

± SD 0.76 1.31 1.29

Range 2.56 - 4.93 2.52 - 6.31 3.51 - 7.61
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Haemolymph Lipid ( fg cholesterol/ml) in the three

size groups of Indoplanorbis exustus

Size group

N

Mean value

± SD

Range

7±1 mm 11±1 mm

15 15

413.60 371.18

97.06 64.14

245.20 - 534.80 234.20 - 475.00

l5±1 mm

15

82.86

18.66

53.09 - 109.39

Table l6B. Haemolymph Lipid ( pg cholesterol/ml) in the three

size groups of Lymnaea acuminata f. rufescens

Size group l3±1 mm l8±1 mm 2l±1 mm

N 12 12 12

Mean value 116.43 112.49 94.73

± SD 34.50 24.79 22.50

Range 60.30 - 168.50 68.60 - 157.30 47.40 - 128.30
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3.3.10.2 Lymnaea acuminata f. rufescens (Table 16B)

The mean lipid value in 21 + 1 mm size group was significantly

lower than the values in. the other two groups (f.<0.05). There was

no significant variation in the mean values between 13 + 1 mm and

18 ~ 1 mm size groups.

3.4 DISCUSSION

The results on various inorganic and organic constituents

in the haemolymph of snails of the three size groups of both

I. exustus and L. acuminata f. rufescens showed an almost size

dependent variation in constituents except in the case of chloride

and ammonia. No significant variations in the concentration of

chloride and ammonia were noticed in both the snail species. The

concentrations of urea, carbohydrate, glycogen, and protein were found

to increase, with increase in size/age.

Analysis of haemolymph ionic concentrations in the three size

groups of 1. exustus and L. acuminata f. rufescens showed interesting

relationships. In both the species, the concentrations of NaT and

K+ ions showed progressive decrease with increase in size/age of

the snails. A significant decrease in both sodium and potassium

concentrations was observed in the large size group of both the

species. Besides the correlation between concentrations of these

two ions and snail size, an intimate +relationship between Na and

K+ ions also was evident. The concentrations were found to go

together. high or low, in different size groups of both the species,
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indicating a coordinated control mechanisms for both ions. Burton

(1965 ) and Prasad et a l , , (1985) reported a comparable behav i our

of Na+ and K+ ions in many non-marine molluscs.

fall in ionic composition seen in the large size group snails could

be due to increase in dilution of haemo l ymph , or due to the higher

concentrations of free amino acids and urea in the haemolymph in

the large size group snails of both the species. Involvement of

was

ni trogenous compounds, especially free amino acids, in maintenance

of body water content and osmolarity of gastropods has been reported

by Gilles (1974. 1979). and Shylaja and Alexander (1975). The

concentration of chloride ions in the three size groups of

1.. acuminata f. rufescens and 1. exustus was found to be more or

less stable irrespective of size difference. The Cl concentration

not found altered by the size dependent changes noticed in Na+

and K+ concentrations. suggesting some independent mechanism for

maintenance of Cl level in the haemolymph of gastropods. A separate

Cl regulatory path way was reported in L. stagnalis (De With

et al., 1980),1.. subrostrata,and in~. texasensis (Dietz and Branton,

1979). and it appears E. virens has also an independent path way for

Cl regulation.

Majority of the freshwater pulmonates are considered to be

highly calciphilic and are reported to be more successful in waters

of higher calcium concentration (Young, 1975). In the haemolymph

2+of gastropods, besides the occurrence of Ca as free ions, calcium

in higher concentrations was reported in calcium cells (Sminia

et a L, , 1977). Analysis of haemolymph calcium in the three size
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groups of I. exustus and k. acuminata f. rufescens failed to provide

a. definite pattern of variation. In L. acuminata f. rufescens, the

large size group snails showed the highest concentration while in

I. exustus, the highest concentration of calcium occurred in the

small size group. S . C 2+ . . 1 d . 1· d ft nce a t oris are a.nvo ve 10 a mu t i t.u e 0

e t c , t

important functions besides osmoregulatory function, shell growth

the difference seen in the haemolymph concentration of Ca2+

in L. acuminata f. rufescens and I. exustus can be considered only

as due to species difference. It may be noted that all species do

not respond similarly since many factors other than calcium

by

Although a

suggestedwasthecorrelation between

concentration of the medium affect deposition rate.

levels of Ca2+ and K+

Sorokina and Zelenskaya (1967) in f. corneus it was not found in

the three size groups of snails studied.

Ammonia and urea are the maj or ni trogenous products released

by aquatic pulmonates. L. stagnalis and I. exustus are reported

to be ureotelic, and they produce more urea than ammonia during

excretion (Rao and Narayanan, 1976). In molluscs, the metabolic

activities are directly reflected in the haemolymph, and hence the

higher tissue concentration of urea on comparison with ammonia can

be expected to reflect in the haemolymph also. The results showed

that the concentration of urea in the haemolymph of both 1. exustus

and L. acuminata rufescens was higher than that of ammonia.

Similarly high levels of urea (De lorge et al., 1965; Vasu and Giese,
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1966) as well as low level of ammonia (Florkin and Houet, 1938; Rao

and Narayanan, 1976) were reported in molluscs. Analysis of ammonia

concentration in the three size groups of both the snail species

showed a moderately constant level irrespective of size difference.

The maintenance of the constant level of ammonia may be due to the

fact that higher concentrations of ammonia has a toxic effect in

tissues. Excess ammonia whenever produced can be directly released

into the surrounding medium through the epithelium by diffusion

(Campbell, 1973; Campbell and Bishop, 1970). When the two snail

species were compared, the haemolymph NH
3

-N concentration in

1. exustus was found to be comparatively higher than that of

L. acuminata f. rufescens, in all the size groups. Haemolymph urea

concentration in both 1. exustus and L. acuminata f. rufescens was

found to be size dependent, and to increase steadily with increase

in shell size. Since urea concentration in haemo Lymph is a direct

indicator of the rate of protein catabolism in snails, the rate of

catabolism of protein in larger size group is presumed to be more

than that in the small size group. The significantly higher haemolymph

protein concentrations in large size groups snails indicate that more

protein is available for catabolism.

Analysis of organic constituents showed considerable variations

in total carbohydrate and glycogen levels in the three size groups

of both 1. exustus and k. acuminata f. rufescens. In both the species

a general trend for increase in the concentrations of both total
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carbohydrate and glycogen was observed in relation to the size/age

of the animals. In both species, the largest size group showed highly

significant increase in glycogen and carbohydrate levels than the

other two size groups. Thus, it may be considered that age/shell

size is a factor which to a certain extent determines the level of

both glycogen and total carbohydrate in 1. exustus and L. acuminata

f. r ufescens , In molluscs, many reasons were suggested for the

variation in haemolymph carbohydrate levels. Joosse and Geraerts

(1983) have reported that there exist high levels of tolerance in

gastropods to fluctuations in glucose levels. The decrease in

carbohydrate levels was attributed to lower food consumption and also

to the removal of glucose from the haemolymph by Scheerboom and Doderer

(1978). Cheng and Lee (1971) reported wide variations in haemolymph

glucose concentrations related to food consumption. They reported

high glucose concentrations in actively feeding snails; but in

1.. stagnalis, Veldhuijzen (1975a) reported a rather constant glucose

concentration during feeding, poor diet or starvation for 15 days.

The present analysis is in agreement with the observation of

Gabbot et a1. (1979) who indicated that there exists no homoeostatic

mechanisms for the control of both blood sugar levels in bi valves

and gastropods. In M. edul i s , the glycogen synthetase acti vi ty was

found to be related to glucose levels as a result of feeding. The

increased levels in the concentration of both carbohydrate and glycogen

in relation to shell/size may be attributed to the increased feeding



rate with increase in size.

98

High haemolymph glucose level repress

locomotion and food consumption, probably by nervous pathways, and

when the level is higher than the limit, glucose itself may activate

endocrine centers to stimulate its removal from the haemolymph (see

Joosse and Geraerts, 1983). When the haemolymph carbohydrate levels

in both the snail species were compared. I. exustus showed a

considerably high value than L. acuminata f. rufescens. Haemolymph

carbohydrates are divided into low molecular weight carbohydrates

and glycogen (Thompson, 1977). In M. edulis low molecular weight

carbohydrates constitute 70-90~ of the plasma carbohydrate. In the

present study, the low molecular weight carbohydrate in the haemolymph

constituted 75-90~, and above 95~, in L. acuminata f. rufescens and

I. exustus, respectively. In both the species, a size dependent

increase in the total number of haemocytes as well as in haemolymph

carbohydrate levels was observed (Table 1 A and B). Similar results

were reported by Thompson (1977) in M. edulis, where a correlation

between the haemolymph glycogen level and haemocyte number was seen.

The results on protein concentration in the three size groups

of both 1. exustus and 1.. acuminata f. rufescens showed an increasing

trend in relation to size/age. From the significant variation in

protein concentration among the three size groups of both the snail

species it can be assumed that age/size of the snail is a factor which

to a certain extent determines the protein concentration. Similar

results were observed in B. glabrata (Lee and Cheng, 1972) where
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larger snails tend to include a greater concentration of total protein

in their haemolymph. Various reasons are suggested for variation

in haemolymph protein content. They include different diet, season,

temperature, infection, environmental stress, reproduction and

developmental changes (Bishop et al., 1983). Among the various

factors, those related to reproduction and developmental stages are

more applicable to the variations cited in the present study. In

both the snail species studied a size/age dependent increase in

carbohydrate and protein levels along with decreased lipid

concentration was observed. Active mobilization of both carbohydrate

and protein from different compartments is indicative of high metabolic

activity. In I. exustus and ~. acuminata f. rufescens the pronounced

increase in both carbohydrate and protein as observed in the large

size groups (adults) along with a decline in lipid concentration

strongly suggests variations related to reproductive cycle. Similar

variations in protein concentration in relation to reproductive cycles

were also reported in C. virginica (Fre t t er and Graham, 1962) and

in M. edulis (Thompson, 1977). As the snails increase in age, growth

of soft body parts is well coordinated with that of the shell. For

shell growth calcium is transported, and in many cases transport of

calcium through cells is accompanied by the presence of calcium-binding

proteins (see Joosse and Geraerts, 1983). The increase in protein

concentration might also be due to the presence of calcium-binding

proteins.
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In addition to reproduction and development, the concentration

of respiratory pigments play an important role in determining the

concentration of haemolymph protein. Lee and Cheng (1972) reported

that haemoglobin concentration changes with alterations in the total

protein concentration. An increase in protein concentration in

relation to haemoglobin concentration was reported in ~. gLabrata ,

Thus in I. exustus, the increased concentration in haemolymph protein

may be related to the concentration of haemoglobin (see Table 6).

In molluscs, Muley (1975) suggested a reciprocal relationship between

the synthesis of lipids and utilization of protein and vice versa.

Same results were observed in both I. exustus and L. acuminata f.

rufescens. In both species, along with an increase in haemolymph

protein, a progressive decrease in lipid content was observed in the

three size groups.

The results on haemolymph lipid concentration in both the snail

species showed an inverse relation with respect to the shell size/age.

A drastic drop in lipid content was observed in the large size group

in both the snail species. Lawrence and Giese (1969), and Webbes

(1970) reported that in molluscs, the haemolymph concentration of

lipids is indicative of reproductive and developmental stages of the

animals. In molluscs, the storage organs for lipids are mantle, foot

and digestive gland, and during reproductive phase lipids from these

organs are transported to the gonads through haemolymph. The high

haemolymph lipid level in the small size group snails is an indication
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of the large scale movement of lipid to gonads prior to gametogenesis

or the individuals of. this size group are relying on carbohydrate

metabolism (and hence significant drop in total carbohydrate value)

and lipid is sparingly used. The significant drop in lipid level

in the large size group of both the snail species may be attributed

to the constant expenditure of lipids during gametogenesis. Similar

results were observed in Arion empiricorum (Catalan et a.l , , 1977)

Semperula maculata (Nanaware and Varute, 1976).



C H APT E R - IV



AND ALKALINE

EXUSTUS AND

Many heavy metals occur naturally in aquatic environments, and in

trace amounts are essential to the normal metabolism of aquatic

organisms. In addition to the non-essential trace metals, such as lead,

cadmium, mercury, arsenic, and others, the essential metals such as

copper, zinc, iron, and cobalt have important biochemical functions in

the organism. They form either an electron donor system or function as

ligands in complex enzymatic compounds. The concentrations of essential

trace elements are generally higher in the organism than in water. If

there is too great an abundance of essential heavy metals in the

organism, the metal content in the organism can be regulated by

homoeostatic control mechanisms. If the heavy metal concentration in

water or food is too high, the homoeostatic mechanisms cease to function,

and the essential heavy metals act in an either acutely or chronically

toxic manner, thus in the event of a resulting extended bioaccumulation

of heavy metals the organism may be damaged (Prosi, 1983).

'Copper is an important trace element and is a constituent of many

animals and is essential for normal growth and development. It is found

to be a necessary component of haemocyanin, several enzymes like

oxidases, tyrosinases, and in other important molecules such as
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cytochrome oxidases. Copper is found to be toxic to aquatic animals

when its concentration exceeds tolerable limits. Regulation of the

concentration of the ionic form of copper present in the cells of

lamellibranchs would be particularly important because it is an

essential trace element and always present in the cells (O'Dell, 1976).

When the concentration rises above the normal, physiological levels,

copper is found to be highly toxic (Sunda and Guillard, 1976; Engel and

Sunda, 1979).

George et al. (1978) have reported that Ostrea edulis and

Crassostrea virginica exposed to high concentrations of copper may

accumulate copper in the granular amoebocytes, which are able to store

it by compartmentation process within membrane limited vesicles. In

Mytilus galloprovincialis, copper is accumulated in the digestive gland

(Viarengo et al., 1981b). Copper is known to occur intracellularly as

granules and within membrane bound vesicles resembling lysosomes (Coombs

and George, 1978), and bound to soluble low molecular weight,

metallothionein-like proteins (Howard and Nickless, 1977a), or to

smaller organic molecules (Coombs , 1974; Howard and Nickless, 1977b,

1978).

Copper is found to be lethal to a number of gastropods and

pelecypods. Among heavy metals copper was found to be more toxic to

Biomphalaria glabrata (Bellavere and Gobri, 1981) and Lymnaea acuminata

(Khangarot, 1982) than chromium and cadmium. It is known that even

minute concentrations of copper are lethal to snails particularly in
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waters of low alkalinity, turbidity and organic content (Cheng and

Sullivan, 1974). When the fresh water snail Lymnaea was exposed to

0.25 ppm of copper, 100% mortality occured within 24 hrs (Batte et al.,

1951). In the case of ~. glabrata, it is reported that as little as

0.07 ppm of copper as copper sulphate in deionized water effects 100%

mortality within 72 hrs (Malek and Cheng, 1974).

The LC50 value of copper in a number of molluscs were reported.

Thus in L. luteola, copper sulphate at 2 mg/l is found to be most toxic

based on concentration duration product (Babu and Rao, 1985). LC50

stage is reached by 6 hr. Khangarot (1982 ) reported that the LC50

value for copper in ~. acuminata was 0.034 mg/litre. In Meretrex casta

(Kumaraguru et al , , 1980) and Villorita cyprinoides var , cochinensis

(Lakshmanan, 1982) the LC
50

values reported were 0.057 ppm and

1.21 ppm, respectively. Viarengo et a l . (1981 b) has reported that

copper accumulated in the digestive gland cells of metal exposed

mussels, !:!.. galloprovincialis is rapidly detoxified and eliminated

from the cells. This is achieved either by increasing the synthesis

of copper thioneins of high heavy metal affinity (Viarengo et al , ,

1980, 1981a, and 1984) or by the accumulation of the metal in lysosome

and residual bodies, which are subsequently eliminated by exocytosis

(Viarengo et al., 1981b).

Studies by Sullivan and Cheng (1976) have revealed that

~. glabrata is relatively insensitive to internal accumulation of

copper. This evidence tends to support the hypothesis advanced earlier
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by Sullivan and Cheng (1975) that copper acts externally on sensitive

epithelia, rather than internally. The effect of copper on the

behaviour pattern of M. casta was also studied by Kumaragura et al.

(1980). They reported that in animals subjected to a concentration of

0.5 ppm for a period of one week, an abnormal liquid pouch was noted

on the mantle. In general, all the animals examined in all the

experimental concentrations were sluggish with a lot of mucus

coagulation on the gills, mantle I and gills had turned to yellowish

green in colour. The metal accumulation in the exposed animals was

nearly a hundred times of that found in controls.

The effects of copper on various physiological aspects of

molluscs have also been reported. Yager and Harry (1964) reported that

the permeability of the surface epithelial membrane is disrupted and

as a result uptake of copper was lowered in snails exposed to toxic

levels of copper. In~. glabrata, Von Brand et al. (1949) found that

exposure to toxic concentrations of cupric ions causes lowering of rate

of oxygen consumption. This decline is due to rapid retraction of the

snail into its shell upon exposure to copper and consequently to a

decrease in surface area available for uptake of oxygen rather than to

a direct effect of copper on oxygen consumption of the snaiL A

decreased rate of oxygen consumption in L. luteola during copper

treatment was also reported by Babu and Rao (1985). Cheng and Sullivan

(1973) studied the effects of copper on the heart rate of ~. glabrata

and reported that toxic concentrations of copper have a measurable

inhibitory effect on the heart rate of B. glabrata.
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The cidal effect of copper sulphate on 1.. 1uteola was studied

in relation to lipid metabolism (Reddy and Rao, 1983). They reported

that as a result of detoxification, alterations were observed in the

levels of glycerol, phospholipids, glycerides, sterols, sterol esters,

and free fatty acids in foot, mantle, and digestive gland. Formation

of copper complexes with biological material has been reported by

several. investigators (Eichhorm, 1973) and copper complex formation is

said to be a storage or detoxifying mechanism. Copper forms copper

complex with long chain fatty acids (Iwayama, 1959). The increased

fatty acid level through increased lipase activity in copper treated

L. luteola could be for complexing of copper for storage or

detoxification (Reddy and Rao, 1987).

It is also known that many toxic substances or their metabolites

can cause cell injury by reacting primarily with biological membranes,

and among the changes are included those in the content or activity

of enzymes or other membrane components (Moore, 1985).

Heavy metals are found to inhibit, stimulate, or influence

the rate of action of enzymes by activation, inactivation uncoupling,

reactions or mechanisms yet to be defined (see Suresh and Mohandas,

1990a). Iordachesv et al., (1978) have reported that copper strongly

activates acid proteases purified from the hepatopancreas of

M. galloprovincialis. An increase in the number of lysosomes was

reported by Lindquist (19~B), and changes in the activities of

lysosomal enzymes have been demonstrated histochemically and

biochemically. Lethal concentrations of copper have an inhibitory
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effect on respiratory enzymes, and on enzymes related to excretion

of metals (Hubschmann, 1967). Babu and Rao (1985) have reported

that copper inhibits the activity of cytochrome oxidase and activates

peroxidase in L. luteola. Copper sulphate was found to inhibit the

oxidation of exogenous phenylene diamine by tissue homogenates of

B. alaxandrina (Ishak et al., 1970).

Molluscs in general, have low enzyme levels and information

on their specific roles is sparse. Enzymes by themselves are not

present in the haemolymph, unless they belong either to the haemocytes

or leak from intracellular confines of the damaged tissues. Hence

serum enzyme levels are of diagnostic value (Jyothirmayi and Rao ,

1987). They have added that changes in haemolymph enzyme activity

profiles as a result of exposure to pollutants, parasitism or challenge

with bacteria, can be of significant diagnostic value. Lysosomes

are the important store house of about three dozen hydrolytic enzymes

which are found to sequester many anthropogenic substances, and play

an important role in their bioaccumulation (Dingle and Fell, 1969).

Lysosomes are also involved in physiological activities, such as

intracellular digestion, storage, excretion, resorption, cell

proliferation, immune mechanism, and in the control of the cellular

economy (Rosenbaum and Ditzion, 1963: Deduve and Wattiaux, 1966:

Sumner, 1969; Owen, 1972; Moore et al., 1978a,b: Cheng, 1983). Many

heavy metals like zinc, iron, cadmium, uranium etc. have been

demonstrated to be lysosomal inclusions in many cells of bivalves

(Lowe and Moore, 1979; George, 1983). The molluscan granulaocytes
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are the major sites of lys?somal enzyme synthesis (Cheng, 1983),

and under normal conditions these acid hydrolases are restricted

to within lipoprotein lysosomal membrane in latent phase. The enzymes

are released from lysosomes into the surrounding cytoplasm, when

the granulocytes were challenged with either abiotic or biotic factors

(Moore "t a L, , 1979; Cheng , 1980). Lysosomal enzymes are released

into the serum also by degranulation (Cheng et al., 1975, 1977;

Cheng and Yoshino, 1976a, b; Foley and Cheng, 1977; Mohandas et al , ,

1985).

Lysosomes and cell membranes are the first targets of pollutants

because the lysosomes are concerned with the disintegration of foreign

materials and the cell membrane is the first barrier to a xenobiotic

encounter. In the haemolymph, the enzyme activity is determined

by its synthesis, its release into the haemolymph compartment, and

its final loss. Many xenobiotics induce alterations in the bounding

membrane of the lysosomes leading to destabilisation (Moore and Lowe,

1985). The destablisation causes release of hydrolytic enzymes from

the lysosomal compartment into cytosol (Moore, 1976; Baccino, 1978),

and such destabilisation may also involve increased lysosomal fusion

with other intracellular vacuoles leading to the formation of

pathologically enlarged lysosomes. The association between lysosomal

hydrolases and the lysosomal membrane (Koenig, 1969; Verity, 1973)

results in most of the enzyme activity being normally latent, if

for any reason the lysosomal membranes are rendered unstable, free
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hydrolases may be released into the cytoplasm with resultant autolytic

cell damage (Miller and Wolfe, 1968; Koenig, 1969). A cell rich

in one enzyme is often poor in another, enzyme masking may account

for some of this variation but enzymatic heterogeneity is pronounced.

It is clear that at least two lysosomal enzymes are present

simultaneously in a single cell (Huffman and Tripp, 1982).

Acid and alkaline phosphatases are groups of enzymes that

hydrolyse phosphomonoesters in a relatively non-specific manner with

optimal activity in the acidic and alkaline regions, respectively.

Alkaline phosphatase (E C 3.1.3.1) differs form acid phosphatase

(E C 3.1.3.2) in subcellular distribution. Alkaline phosphatase

activity in rat mesenteric arteries was highly concentrated in the

plasma membrane (Kwan, 1983) whereas acid phosphatase activity with

the lysosomes (Wolinsky et al., 1974; Wantanabe et al., 1981).

Gupta et al. (1975) and Verma et al. (1980) reported that acid

phosphatase is a hydrolytic enzyme which takes part in the dissolution

of dead cells and as such is a good indicator of stress in biological

systems.

enzymes concerned with biosynthesis ofACP and ALP are the

fibrous protein (Johnson and McMinn, 1958), mucopolysaccharides

(Kroon, 1952), or they may serve as a regulator of intra cellular

phosphate concentration (Gutman, 1959). They play an active part

in the dissolution of the body's cells, and are also believed to

be involved in permeability processes and associated with nucleic

acid synthesis (Cox et al , , 1967 ):. Stimulation or inhi bi tion
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of these enzymes will thus result in disturbances in metabolism.

ACP is associated with lysosomes and as such has been designated

as one of a marker enzymes for the population of subcellular vacuoles

(Deduve et al., 1966).

The presence of acid and alkaline phosphatases was reported

in a large number of molluscs. Lysosomes are found in the granulocytes

of different species of molluscs (Cheng , 1975; Yoshino and Cheng,

1976), and these organelles are associated with intracellular

degradation (Cheng and Cali, 1974; Cheng et al ; , 1974). Cheng and

Rodrick (1975) have reported the presence of 13- glucuronidase, acid

phosphatase, alkaline phosphatase, lipase, aminopeptidase, and lysozyme

in the cellular and serum components of f. virginica and Mercenaria

mercenaria, and Rodrick and Cheng (1974) in ~. glabrata haemolymph.

Lysosomal enzymes were reported in the haemocytes of gastropods

including ~. glabrata (Jeong and Heyneman, 1976; Cheng et al , , 1977)

and L. stagnalis (Sminia, 1972). Acid phosphatase has been found

to be naturally present in the haemocytes and haemolymph of Patella

vulgata (Cooper willis, 1979), and in the bivalves Sunetta scripta

and Villorita cyprinoides var. cochinensis (Suresh and Mohandas,

1990a) •

Phosphatases are metal requiring enzymes, traces of added

cations might display or affect the metal containing moiety and modify

enzyme

proved

activity. The

to be amongst

phosphatases recognized by Robinson (1923)

the first enzymes of diagnostic importance.
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Martiland and Robinson (1926) demonstrated the presence of phosphatase

in the plasma, and increased levels were found to occur in a variety

of bone and liver diseases. The influence of metal ions on the

activity pattern of acid and alkaline phosphatases was reported in

a large number of molluscs. Thus, Koeing (1963), Norseth (1968),

and Roesijadi (1980) reported increased lysosomal activities in

organisms exposed to sublethal concentrations of metal ions. The

lysosomes play a fundamental role in the homoeostasis of copper as

well as in the detoxification of the metals in the digestive gland

cells of copper exposed mussels (Viarengo et al., 1985). Heavy metals

inhibit the activities of several enzymes (Dixon and Webb, 1967).

Yoshino et al. (1966) reported that Hg 2+ inhibits enzymes of Kreb's

cycle. Webb (1966) and Jackim et al. (1970) reported that heavy

metals usually inhibit enzymatic and metabolic process in vitro.

Jackim et al. (1970) found out in their in vitro alkaline phosphatase

study that berrylium and cadmium were the strong inhibitors of this

enzyme, with copper, lead, mercury and silver producing progressively

less inhibition. Lead, copper, silver, mercury, and cadmium added

directly to the enzyme preparations inhibited acid phosphatase activity

in decreasing order. Except for silver, in vivo exposure to all

heavy metal salts inhibited liver acid phosphatase. In Mytilus edulis,

concentration dependent labilisation of lysosomes was observed on

exposure to copper (Harrison and Berger, 1982). There was no

significant reduction in lysosomal integrity when the concentration

of copper was low, but there was a significant reduction in lysosomal



112

latency when the concentration was the highest. Chandy and Patel

(1985) have reported that at lower concentrations the metal ions

were engulfed into lysosomes and subsequently transformed into

biologically inactive forms. The presence of metal ions causes

increased production and release ~f acid hydrolases into the haemolymph

and subsequently the metal ions in non-toxic forms are taken into

lysosomes of haemocytes and eventually removed. This transformation

and inactivation of metal ions, are probably carried out by the acid

hydrolases released from lysosomes. Suresh and Mohandas (1990a)

reported increased ACP activity in copper-stressed bivalves in the

early time periods, and indicated that it may be due to destabilization

of the lysosomal membrane caused by metal ions and the consequent

release of the enzyme into the haemolymph or due to hypersynthesis

of acid phosphatase which is subsequently released into the haemolymph.

In general, the higher the heavy metal ions, the lesser will

be the synthesis, storage and release of the enzymes, and alteration

in membrane permeability and/or membrane destabilization caused by

metal ions in higher concentration will result in lesser enzyme

turn over.

Regarding the. effect of pesticides on ACP activity,

Nagarathnamma (1982) reported that the intracellular digestion of

damaged material by lysosomes could be prompted by methyl parathion

damage to subcellular structures. The higher the concentration of

the pesticide, the greater will be the tissue damage and it is
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reflected as increase in acid phosphatase activity. The following

reasons are reported for the elevation of acid phosphatase in the

hepatopancreas due to pesticide exposure: (i) the toxicant might

induce proliferation of smooth endoplasmic reticulum in hepatopancreas

that leads to more production and liberation of microsomal enzymes

resulting in an increased level of acid phosphatases (as observed

by Hart and Fouts , 1965), (Li ) degradation and necrosis induced in

hepatopancreas by toxicants may cause release of acid phosphatase

(confirmed by the observations of Onikieno, 1963), (iii) peroxidation

of the lysosomal membrane leading to membrane breakdown or increase

in permeability of lysosomal membrane or both by the toxicants results

in liberation of acid phosphatase thereby causing increased level

(Novikoff, 1961), and (i v) ACP may increase due to increased uptake

of certain metabolites and ions since these enzymes are reported

to be involved in this process (Simkiss, 1964).

There are also reports which' indicate that pesticides can

inhibit ACP activity. Dalela et al. (1980) studied the effect of

phenol and pentachlorophenol on the hepatic acid and alkaline

phosphatase and reported significant inhibition. The inhibitory

effects of phenol and dinitrophenol on acid and alkaline phosphatases

were also observed by Verma et al. (1980)° Yap et al. (1975), and

Desaih (1978) after PCP exposure pointed out that uncoupling of

oxidative phosphorylation is the main cause for inhibition of

phosphatases. Uncoupling of oxidative phosphorylation was also pointed
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out by Dalela et al. (1980) and Verma et al. (1980) for the inhibition

of alkaline and acid phosphatases.

It is reported that the levels of several lysosomal enzymes

are initially elevated in the haemocytes of ~. glabrata when challenged

in vitro or in vivo with bacteria. These hydrolases are subsequently

released into serum (Cheng and Yoshino, 1976a; Cheng et al , , 1977,

1978a). Cheng et al. (1978b) reported the same effect when ~. glabrata

was challenged in vivo with trematode miracidia. Cheng and Butler

(1979) reported that there was an elevation in the levels of acid

phosphatase activity in both the haemocytes and serum fractions of

B. glabrata that had been challenged with heat killed Bacillus

megaterium. The ACP activity in haemocytes of l. stagnalis increased

after in vitro challenge with bacteria (Sminia, 1972). According to

Michelson and Dubois (1973) the concentration of the enzyme increased

in snails infected with Schistosoma mansoni. Targett (1962) and

Gilbertson et al. (1967) reported an increase in the activity of

alkaline phosphatase in S. mansoni infected snails with respect to

diminished concentration of haemolymph phenyl alanine. The challenge

with bacteria results in the hyper - synthesis of lysosomal enzymes

within haemocytes and subsequently these enzymes are released into

the serum through degranulation (Cheng , 1975; Cheng et al , , 1975;

Foley and Cheng, 1977; Mohandas et al., 1985).

In this chapter the activity pattern of ACP and ALP in three

size groups of 1. exustus and L. acuminata f. rufescens; and in one
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size group each of copper-stressed snails of the two snail species

is reported. Copper was chosen as the pollutant because copper is

the active ingredient in all the molluscicides now in use.

4.2 MATERIALS AND METHODS

Methods of collection of snails, rearing, acclimatisation,

selection of size groups, collection of haemolymph, and the computation

of the data are described in section 2.2.

4.2.1 Toxicity Studies

4.2.1.1 The toxicant

The toxicant selected was copper (Cupric sulphate supplied

by Glaxo laboratories, Bombay) , which is commonly used as a

molluscicide.

distilled water

concentrations.

100 ppm of CuS0
4

solution was

and added to the test media

The various concentrations of

prepared in double

to get the desired

the toxicant are

expressed in ppm.

4.2.1.2 Letal toxicity of copper

Lethal toxicity studies provide information about the relative

lethali ty of a toxicant. This test is designed to determine the

highest concentration of a pollutant that is sufficient to affect

some percentage, usually SO~ of a limited number of organisms.

4.2.1.2.1 Indoplanorbis exustus

In order to find out the 96 hr LC
SO

value for copper in

1. exustus, laboratory conditioned infection-free snails of the size
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group 11 ~ 1 mm in shell height were selected. The snails were exposed

to logarithmic series of concentrations of copper and the exposure

was carried out in glass troughs. Ten animals were used for each test

concentration of the toxicant, and during experiments the glass

vessels were covered with perpex sheet. The experiments were carried

oout at room temperature (30 ~ l.S C), and the snails were fed with

Lemna sp , during the tests. Triplicates and controls were run for

all the experiments. The test media were replenished totally every

24 hrs. The snails were observed every 12 hour and the cumulative

mortality was recorded. The 96 hr LCSO value was calculated using

Probit Analysis (Finney, 1971).

4.2.1.2.2 Lymnaea acuminata f. rufescens

Infection free snails of the size group 18 ~ 1 mm in shell

height were selected to study the 96 hr LCSO values. The methodology

used was the same as described in section 4.2.1.2.1.

4.2.1.3 Sublethal-toxicity studies

The objective of the toxicity studies was to find out the

concentrations of the toxicants capable of inducing abnormal responses

on the activities of the organisms. The activity pattern of the

enzymes in haemolymph under different sublethal concentrations of

copper was studied. The concentrations of copper employed for the

sublethal toxicity studies were derived from the 96 hr LC
SO

value.

The duration of these studies extended up to 48 hrs, and the activities

of the enzymes were measured at 2, 6, 12, 24 and 48 hrs post-exposure
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with copper. Snails were not fed during these experiments. Controls

were run simultaneously.

4.2.2 Enzyme Analysis

The level of activity of enzymes in the haemolymph of three

size groups of snails as well as under different sublethal

concentration of copper was studied. To study the enzyme activity

in three different size groups (7 + 1 mm, 11 ±. 1, and 15 ±. 1 mm)

12 samples from each size group were selected in the case of

I. exustus, while in the case of L. acuminata f. rufescens, 12 samples

each from 13 ±. 1 mm and 18 + 1 mm size groups, and 6 from 21 + 1 mm

size group were selec ted (one sample is the haemolymph pooled from

five snails). To study the enzyme activity pattern in both species

of snails exposed to three sub-lethal concentrations of copper, the

intermediate size group was chosen (l. exustus 11 + 1 mm; and

1. acuminata f. rufescens 18 ±. 1 mm). For each concentration eight

samples were used as experimentals (one sample is the haemolymph pooled

from five snails), and five as controls (one sample is the haemolymph

pooled from five snails).

4.2.2.1 Assay of Acid phosphatase activity

4.2.2.1.1 Indoplanorbis exustus

Acid phosphatase activity in the haemolymph of l. exustus was

determined by employing the method described in Sigma Technical

Bulletin No.104 with slight modifications (Anon, 1963). To 1.0 ml

of (0.1 M) frozen citrate buffer of pH 5.2, 0.1 ml of the haemolymph
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To this buffer-enzyme mixture, 0.1 ml of substrate,

containing 2.0 mg of .E.-Nitrophenyl phosphate sodium salt (Merck) in

0.1 ml of distilled water was added and incubated for one hour at

o37 + 0.05 C. After one hour incubation, the reaction was stopped

by adding 2.0 ml of 0.25 N NaOH. .E.-Nitrophenyl phosphate was

hydrolysed to .E.-Nitrophenol by the enzyme during the incubation period.

The yellow colour developed in the alkaline medium was read

spectrophotometrically at 410 nm , The enzyme activity was expressed

as p moles .E.-Nitrophenol liberated/minute/ml.

4.2.2.1.2 Lymnaea acuminata f. rufescens

The procedure described in section 4.2.2.1.1 was followed to

estimate the acid phosphatase activity in 1.. acuminata f. rufescens,

except that the pH of the citrate buffer used here was 4.2.

4.2.2.2 Assay of Alkaline phosphatase activity

4.2.2.2.1 Indoplanorbis exustus

Alkaline phosphatase activity in the haemolymph of 1. exustus

was determined following the method described in Sigma Technical

Bulletin No.104 with slight modifications (Anon, 1963). To study

the enzyme activity, 0.05 M glycine-NaOH buffer of pH 8.8 was used.

oThe incubation temperature was 37 + 0.05 C. To 1.0 ml of the frozen

buffer, 0.05 ml of haemolymph was added. To this buffer enzyme

mixture, 0.1 ml of substrate (2.0 mg of .E.-Nitrophenyl phosphate

sodium salt (Merck) in 0.1 ml distilled water) was added and incubated

oin a water bath for one hour at 37 + 0.05 C. After incubation for
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one hour, the reaction was stopped by adding 10 ml of 0.05 N NaOH.

The yellow colour developed was read at 410 nm , The enzyme activity

was expressed as p moles ~-Nitrophenol liberated/minute/ml.

4.2.2.2.2 Lymnaea acuminata f. rufescens

The procedure described in section 4.2.2.2.1 was adopted to

estimate the activity of alkaline phosphatase. The optimum pH of

the enzyme activity was found to be 9.2.

4.3 RESULTS

4.3.1 Toxicity Studies

4.3.1.1 Lethal toxicity of copper

Lethal toxicity of copper for 1. exustus and L. acuminata f.

rufescens was studied and the results for the two species were as

follows: The 96 hr LC
SO

for copper was computed and calculated, and

for I. exustus it was found to be 0.036 ppm, and for L. acuminata

f. rufescens it was found to be 0.030 ppm.

4.3.1.2 Sublethal toxicity of copper

Based on the LCSO value, three sublethal concentrations of

copper were selected for both the snails species to study the activity

pattern of enzymes i.e., 0.020, 0.015 and 0.010 ppm of copper.

4.3.2 Enzyme Analysis

4.3.2.1

4.3.2.1.1

ACid phosphatase activity in three size groups

Indoplanorbis exustus (Table l7A)

No statistically significant variation was observed in the
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activity pattern of acid phosphatase among the three size groups of

snails.

4.3.2.1.2 Lymnaea acuminata f. rufescens (Table l7B)

A significant decrease in acid phosphatase activity was observed

in 18 + 1 mm size group when compared with the activity in

21 ±. 1 mm (f.<0.05). No significant variation in activity was observed

in 13 ±. 1 mm group when compared with the acti vi ties in the other

two size groups.

4.3.2.2 Alkaline phosphatase activity in three size groups

4.3.2.2.1 Indoplanorbis exustus (Table 18A)

size

The mean

group was

value of alkaline phosphatase activity in

significantly lower than the values in

15 ±. 1

11 + 1

mm

mm

and 7 + 1 mm size groups (f. <0.001) • There was nO significant

variation in enzyme activity values between 7 + 1 mm and 11 + 1 mm

size groups snails.

4.3.2.2.2 Lymnaea acuminata f. rufescens (Table 18B)

The results showed significant variations in the activity

pattern of alkaline phosphatase in the

The mean value of enzyme activity in

significantly higher than the values in

three size

2l+1mm

18 + 1 mm

groups studied.

size group was

(f. <0.001), and

13 + 1 mm size groups (f. < 0.01). But there was no significant

variation in activity between 13 ±. 1 mm and 18 + 1 mm size group

snails.
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Haemolymph Acid Phosphatase activity(U/ml) in the three

size groups of Indoplanorbis exustus

Size group 7±1 mm 1l±1 mm 15±1 mm

N 12 12 12

Mean value 0.0196 0.0256 0.0223

± SD 0.0085 0.0070 0.0073

Range 0.0080 - 0.0336 0.0153 - 0.0343 0.0127 - 0.0378

Table 17B. Haemo1ymph Acid Phosphatase activity (U/ml) in the three

size groups of Lymnaea acuminata f. rufescens

Size group

N

Mean value

± SD

Range

13±1 mm

12

0.0313

0.0073

0.0191 - 0.0465

18±1 mm

12

0.0260

0.0063

0.0165 - 0.0374

21±1 mm

6

0.0331

0.0017

0.0306 - 0.0349
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Haemo1ymph Alkaline Phosphatase activity (D/ml) in the

three size groups of Indoplanorbis exustus

Size group 7±1 mm 1l±1 mm 15±1 mm

N 12 12 12

Mean value 0.6892 0.5476 0.1481

± SD 0.1799 0.2024 0.0563

Range 0.3860 - 1.0180 0.2530 - 0.8870 0.0450 - 0.2580

Table 18B. Haemolymph Alkaline Phosphatase activity (O/m1) in the

three size groups of Lymnaea acuminata f. rufescens

0.3730 - 0.8390 0.6020 - 1.1390

Size group

N

Mean value

± SD

Range

13±1 mm

12

0.6814

0.1460

0.4050 - 0.9250

18±1 mm

12

0.5980

0.1384

21±1 mm

6

0.9420

0.1972
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4.3.2.3 Sublethal effects of copper on the activity pattern of Acid

phosphatase

4.3.2.3.1 Indoplanorbis exustus (Table 19A Fig.7)

The snails dosed with 0.010 ppm of copper did not show any

statistically significant variation in acid phosphatase activity at

2, 6, 12, 24 and 48 hr post-exposure with respect to the control

values. The 0.015 ppm copper dosed snails showed significantly higher

value at 12 hr (f< 0.05) than the control value. No significant

change in activi ty with respect to the control was observed at 2,

6, 24 and 48 hr post-exposure. In snails dosed with 0.020 ppm of

copper, significantly higher acid phosphatase activity was observed

at 12 (f< 0.05), 24 (f(O.OOl), and 48 hr (f<O.Ol) post-exposure

with respect to the controls.

At 2 hr post-exposure, the enzyme activity was found to be

maximum in 0.015 ppm copper dosed snails and it was significantly

higher than those dosed with 0.010 ppm of copper (f<O.Ol).

At 6 hr post-exposure, the acti vi ty was found to be

significantly lower in those exposed to 0.020 ppm than in those

exposed to 0.010 ppm (f< 0.05) and 0.015 pprn (f <0.0l) of copper.

A dose dependent increase in the level of acid phosphatase

activity' was observed at 12 hr post-exposure in snails dosed with

the three sublethal concentrations of copper. When the activit y in

snails dosed with the three sublethal concentrations of copper was

compared, the acid phosphatase activity was found to be significantly
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higher in those exposed to 0.020 ppm than in those exposed to

0.015 ppm (f.(0.05) and 0.010 ppm (f.<0.0l).

At 24 hr post-exposure also a dose dependent increase in the

acid phosphatase activity was observed. When the activity in snails

exposed to the three sublethal concentrations was compared, the

activity was found to be maximum in 0.020 ppm copper dosed snails,

and it was significantly higher than in those exposed to 0.010 ppm

(f. <.0.001) and 0.015 ppm (f. (0.001).

At 48 hr post-exposure, almost dose dependent increase in

enzyme activity was observed. The maximum activity was observed in

0.020 ppm copper dosed snails, and it was significantly higher than

in those exposed to 0.010 ppm (f.<0.001) and 0.015 ppm (f. <0.001).

4.3.2.3.2 Lymnaea acuminata f. rufescens (Table 19B ; Fig.8)

Snails dosed with 0.010 ppm of copper showed statistically

significant variation at 2, 6, 24 and 48 hr exposure. At 2 (f.< 0.05)

and 6 hr (f. <0.05) the enzyme activity was significantly higher than

the controls. At 12 hr post-exposure, there was no significant

change but at 24 hr of post-exposure, the activity significantly

decreased (f. < 0.05) when compared with the control. Finally at

48 hr , again a significant increase (f.< 0.00l) in the activity was

observed. Snails dosed with 0.015 ppm of copper also showed

significant variations at 2, 6, 24 and 48 hr post-exposure. The mean

values of acid phosphatase activity at 2 (f.<0.0l) and 6 hr (f.<0.05)

were significantly higher than their respective controls. At 12 hr
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post-exposure no significant variation was observed. But at 24 and

48 hr post-exposure, the enzyme activity was significantly lower

(E <0.01) than the controls. The enzyme activity of 0.020 ppm exposed

snails showed significant increase at 2 (E<0.05) 6 (E<0.05),and

12 hr (E(0.05) but decrease at 24 hr (E<0.05) when compared with

their controls. At 48 hr post-exposure, there was no significant

variation in the activity pattern.

At 2 and 6 hr post-exposure when the activity levels in snails

exposed to the three sublethal concentrations of copper were compared,

no significant variation was observed.

At 12 hr pos t-exposure the acti vi ty of acid phosphatase was

found to be maximum at 0.020 ppm when compared with the activities

in 0.015 ppm (P <0.05) and 0.010 ppm (P'0.05) dosed ones.- -

At 24 hr there was significant decrease in activity in

0.015 ppm (E <0.05) dosed snails when compared to those dosed with

0.020 ppm copper.

At 48 hr post-exposure, the acid phosphatase activity was

elevated significantly in 0.010 ppm copper dosed snails and it was

found to be the maximum among the three concentrations. The activity

at 0.010 ppm concentration was significantly higher than the activity

at 0.015 ppm (E<O.OOl) and 0.020 ppm (E<O.OOl). In 0.015 ppm closed

snails, the level of acid phosphatase activity was significantly lower

than the activities in 0.010 ppm and (E (0.001) and 0.020 ppm

(E <0.00l) dosed snails.



4.3.2.4
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Sublethal effects of copper on the activity pattern of

Alkaline phosphatase

4.3.2.4.1 Indoplanorbis exustus (Table 20A Fig.9)

Snails dosed with 0.010 ppm of copper showed significant

variations in enzyme activity at 6 and 12 hr post-exposure with respect

to the control values. The alkaline phosphatase activity at 6 and

12 hr post-exposure was significantly higher than their controls

(f < 0.05). At 24 and 48 hr post-exposure, although the activity

was lower, it was not significant. In snails dosed with 0.015 ppm

of copper significant increase in the enzyme activity was observed

at 2 (f (0.05), 24 (f <0.01) and 48 hr (f <0.01) post-exposure with

respect to the controls. Although there was an elevation in alkaline

phosphatase activity at 6 and 12 hr post-exposure, the elevation was

not statistically significant. 0.020 ppm copper dosed snails showed

significantly high enzyme activity at 2 (f <0.01), 6 (f <0.001), 12

(f <0.001 )24 and 48 hr (f< 0.001) post-exposure when compared with

respective controls.

At 2, 6, 12, 24 and 48 hr post-exposure, the alkaline

phosphatase activity was found to be elevated towards the highest

concentration when compared among the experil1lentals. The maximum

enzyme activity at 2 and 6 hr among the experimentals was observed in

those dosed with 0.020 ppm of copper, and it was significantly higher

than those dosed with 0.010 ppm of copper (f <0.05).
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At 12 hr, the activity in 0.020 ppm copper dosed snails was

significantly higher than the activities in 0.010 ppm (f. <0.001),

and 0.015 ppm copper dosed (f. <0.01) snails.

At 24 hr, the activity was found to be maximum in those snails

dosed with 0.020 ppm copper and it was significantly higher than

in 0.010 ppm (f.( 0.001) and 0.015 copper dosed (f.( 0.01) snails.

At 48 hr, the elevation at 0.020 ppm was found to be

significantly higher than those in 0.010 ppm (f. < 0.001) and

0.015 ppm (f. (0.001).

4.3.2.4.2 Lymnaea acuminata f. rufescens (Table 20B ; Fig.10)

Snails dosed with 0.010 ppm of copper showed significant

variations at 12, 24 and 48 hr post-exposure. The levels of alkaline

phosphatase activity at 12 (f.<0.05), and 24 hr exposure (f.<0.01)

were significantly lower and at 48 hr significantly higher than the

(f. <0.05) controls. When the enzyme activity in snails dosed with

0.015 ppm of copper was compared with that of the control, significant

variation on the higher side was observed only at 6 hr exposure

(f. <0.05). No statistically significant variation in the alkaline

phosphatase activity was observed between 0.020 ppm copper dosed snails

and the controls.

At 2 hr post-exposure, the alkaline phosphatase activity in

those dosed with 0.015 ppm of copper was significantly higher than

those dosed with 0.010 ppm (f. <0.05) and 0.020 ppm (f.<0.05) of copper.
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At 6 hr post-exposure, the level of alkaline phosphatase

activity in 0.015 ppm was significantly higher than that of

0.010 ppm (f. <0.00l) and 0.020 ppm dosed snails (f. <0.00l).

At 12 hr post-exposure of snails with copper, the enzyme

activity in 0.010 ppm dosed snails was significantly lower than that

in 0.015 ppm (P <0.01) and 0.020 (P <0.05).- -
At 24 hr post-exposure, the alkaline phosphatase activity in

0.015 ppm exposed snails was significantly higher than the activity

in 0.010 (f.<0.001) and 0.020 ppm (f.<0.0l) dosed snails.

At 48 hr exposure the enzyme activity was found to be

significantly higher in 0.010 ppm copper dosed snails than in

0.015 (f. <0.05) and 0.020 ppm (P < 0.05) dosed snails.

4.4 DISCUSSION

In the present study, the mean values of haemolymph acid

phosphatase activity did not show any significant difference among

the three size groups of the snail, I. exustus. This shows that under

normal conditions, the acid phosphatase activity did not change

significantly among the size groups and it can be concluded that

regarding I. exustus, age need not be a factor which determines the

activity of the acid phosphatase. But in the case of L. acuminata

f. rufescens, the ACP activity showed significant variation between

the intermediate and large size groups. The ACP activity was found

to be the maximum in the largest size group, while the activity in
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small and intermediate group showed the same pattern. This may be

attributed to the fact that in 1.. acuminata f. rufescens, age/shell

size can be a factor which, to a certain extent. has some influence

on the activity pattern of acid phosphatase, and obviously the species

difference is very evident.

When the activity patterns of acid phosphatase in I. exustus

dosed with three sublethal concentrations of copper were compared,

significant elevation was observed at the highest concentration, Le.

0.020 ppm, At the lowest concentration, 0.010 ppm, 2+
Cu does not

seem to have significant influence on the enzyme activity. The enzyme

activity at 0.015 ppm was found to be higher but. not significant

except at 12 hr post-exposure, than the control at almost all time

periods, and the activity was found to be linearly lowering towards

48 hr. At 0.020 ppm, after an initial elevation a linear significant

increase was observed at 12, 24 and 48 hr post-exposure. These results

indicate that the metal ion does not produce detectable response on

the activity pattern of acid phosphatase at early time periods.

At 0.020 ppm, the significant increase in enzyme activity at

later time periods may be interpreted as the result of the release

of the enzyme into the haemolymph compartments from l.ysosomes , This

release may also be due to hypersynthesis of the enzyme.

Hypersynthesis of lysosomal enzymes under such circumstances has been

indicated (Suresh and Mohandas, 1990a). The lysosomal acti vi ty may

also be increased by the cytotoxicity of copper ions through increased
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turnover of organelles and the subsequent release of the lysosomal

enzymes. This is supported and explained On the basis of the studies

by Koenig (1963), Norseth (1961), and Roesijadi (1980). The presence

of xenobiotics induces changes in the lysosomal membrane and these

induced alterations may lead to destabilisation of the membrane (Moore

and Lowe, 1985). As a result of destabilisation, the hydrolytic

enzymes from the lysosomes are released into cytosol (Moore, 1976;

Bacc i.no , 1978).

the initial non-significant elevationAt 0.015 ppm,

significant level at 12 hr post-exposure. At early time

reached

periods,

it is interpreted, that the enzyme normally present in the system

was sufficient enough to detoxify the metal ions. Since the snails

were still under exposure, at 12 hr post-exposure there was

hypersynthesis; and hence significantly higher values. This high

enzyme level reached at 12 hr post-exposure was sufficient enough

to detoxify the metal ions at later time periods, and hence no

significant variation in the levels of activity was observed at 24

and 48 hr post-exposure.

Chandy and Patel (1985) have indicated that at lower

concentrations, the metal ions that have entered the system are

engulfed into lysosomes and subsequently transformed into biologically

inactive forms. The lowest concentration used, 0.010 ppm, did not

produce any significant response on the activity pattern of the

enzyme, indicating that at this concentration the metal ions do not
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cause destabilization or the normally available enzyme level is enough

to detoxify the metal ions.

The results on the activity pattern of acid phosphatase in

L. acuminata f. rufescens dosed with the three sublethal concentrations

of copper showed an increase in enzyme activity at all three

concentrations in the early time periods Le., at 2, 6 and 12 hr

post-exposure. The activity was found to decrease at all the three

concentrations at 24 hr exposure. At the highest concentration,

0.020 ppm, the activity was normal at 48 hr, while at 0.015 ppm there

was drastic decline, and at 0.010 ppm an increase in the activity.

The activity level of acid phosphatase was found to elevate

towards the highest concentration at 2 hr post-exposure indicating

concentration dependence. At higher concentrations, the activity

was also found to be linearly declining after the immediate elevation.

At early time periods, the significant elevation in enzyme activity

at all concentrations may be attributed to the fact that the toxicant

had caused hypersynthesis of this enzyme. At 0.010 ppm concentrations

this elevated level of enzyme was sufficient enough to inactivate

the metal ions even at 12 hr post-exposure and hence no significant

variation in enzyme activity at this time period. But by 24 hr

post-exposure, this level was not sufficient and there was no

hypersynthesis at this time period, and hence the activity was

significantly less. But as the snails were still under exposure,

it is believed that there was hypersynthesis subsequently and hence
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the enzyme activity was significantly higher at 48 hr post-exposure.

At 0.015 ppm concentration, there was no hypersynthesis even at this

time period and hence the enzyme activity was significantly lower

both at 24 and 48 hr post-exposure. In the case of snails exposed

to 0.020 ppm concentration, the high level of enzyme present in the

haemolymph at early time periods as a result of hypersynthesis, was

not sufficient to detoxify the metal ions at 24 hr post-exposure,

and hence at this time period the activity level was significantly

lower. But it is assumed that after this time periods the

hypersynthesis just started again but did not reach significantly

high level and this is reflected at 48 hr post-exposure when the

activity level was normal. The diminution in enzyme activity is

attributed to the fact that the enzyme conjugates with the metal ions.

The binding affinity of heavy metal cation and protein is generally

intense (Hi1my et al., 1981). The metal ions may also cause injury

to the mitochondrial system which markedly block the action of enzymes.

Simon (1953) reported that concentrations higher than those needed

to prevent oxidative phosphorylation may injure the mitochondrial

systems so markedly as to block the action of enzymes. The uncoupling

of oxidative phosphorylation is not the only mechanism but other

processes, such as oxidation accompanied by phosphorylation also

inhibit enzyme activity. Based on the explanation given above, it

may be argued that at low and high concentrations there was

hypersynthesis of enzyme after 24 hr post-exposure but not in snails

exposed to 0.015 ppm concentration. In this context it may be noted
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that (i) cytochemically and functionally the lysosomes form a

heterogenous population. (ii) lysosomes even in single cell types are

quite variable in their enzymatic constitution, not all of the

lysosomes in each cell include acid phosphatase, (Lt i ) the chemical

cycle occurring is non-synchronised I and (L v) molluscan species have

different functional subpopulations performing different functions

including enzyme activity (See, Mohandas, 1985), The difference in

activity pattern of the enzyme in the two snail species.clearly speaks

of species differences,

When the mean activity levels of alkaline phosphatase were

compared., the maximum activity was observed in the smallest size

groups in 1. exustus and the activity was minimum in the largest size

group. In the case of ~. acuminata f. rufescens, a totally different

pattern was observed. The activity was found to be maximum in the

largest size group and minimum in the intermediate size group. The

difference in the enzyme activity pattern in different size groups

may be interpreted to mean that the size group/age of the snail is

a factor which, to a certain extent, determines the alkaline

phosphatase activity. The difference in the activity pattern in the

two snail species studied may be due to the species difference.

When dosed with the three sublethal concentrations of copper,

the ALP activity in 1. exustus was found elevated at certain time

periods at 0.010 and 0.015 ppm, and at all time periods at 0.020 ppm.

While Huffman and Tripp (1982) and Cheng and Rodrick (1975) consider
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alkaline phosphatase as a lysosomal enzyme, Harts and Fouts (1965)

and Reddy et a l , , (1984) treat this as plasma enzyme. According to

the latter, copper induces proliferation of smooth endoplasmic

reticulum resulting in the production and liberation of more of this

enzyme. Considering that ALP is a lysosomal enzyme, the following

explanation is given for the enzyme activity pattern.

At 0.010 ppm, the elevated enzyme level at 6 and 12 hr

post-exposure as a result of hypersynthesis of this enzyme was

sufficient enough to inactivate the metal ions and hence no significant

variation in enzyme acti vi ty was noticed at late time periods, since

the concentration was comparatively less. At 0.015 ppm, the initial

significant elevation at 2 hr post exposure and subsequent

non-significant decline at 6 and 12 hr post-exposure in enzyme activity

are also attributed to the above reason. However, as the animals

were under exposure beyond these time periods, to inactivate the metal

ions at still higher concentration more enzyme was required which

was hypersynthesized and released into the serum resulting in

significant increase in enzyme activity at 24 and 48 hr post-exposure.

In the case of snails exposed to 0.020 ppm of copper there was

hypersynthesis of this enzyme to inactivate the metal from early time

periods and this is reflected in the significantly high enzyme activity

at all time periods.

The ALP activity in ~. acuminata f. rufescens showed significant

variations at low concentrations. At 0.10 ppm the enzyme activity
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was found to decrease significantly at 12 and 24 hr post-exposure

and increase significantly at 48 hr post-exposure. At 0.015 ppm of

copper exposure significant elevation in activity was observed at

noticed in those dosed with

6 hr post-exposure. Although a decrease in activity pattern was

0.020 ppm of copper, there was no

significant variation in the values. At 0.010 ppm concentration,

the decline in enzyme activity at 12 and 24 hr post-exposure may be

attributed to the fact the toxicant has conjugated with enzyme

resulting in the diminution in activity as suggested by Hilmy et al.

(1981). In other words the metal ions were inactivated. Since the

snails were still exposed. after 24 hrs there was hypersynthesis

which is reflected as significantly high enzyme activity at 48 hr ,

In the case of snails exposed to 0.015 ppm concentration, this

hypersynthesis had taken place at 6 hr post-exposure, and the high

enzyme level was sufficient enough to detoxify the metal ions in the

remaining time periods. From the Table 20B it is obvious that the

activity is declining steadily from 6 hr onwards. At 0.020 ppm

concentration, it is assumed that hypersynthesis has taken place before

2 hrs, and the enzyme level was sufficient enough to detoxify the

metal ions for the remaining time periods. The value, as seen in

the Table 20B at 48 hr post-exposure is the highest for any time period

at 0.020 ppm concentration, and it indicates that at this time period

there was again hypersynthesis to inactivate the metal ions.

A comparison of the data on total cell counts in 1. exustus

exposed to the three sublethal concentrations of copper (Chapter 2;
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Table SA) with the data on the activity pattern of the two phosphatases

gi ves very interesting results. In all the three sublethal

concentrations, copper was found to induce leucocytosis, and in all

the three concentrations the activity of the two enzymes was either

normal or high, and at no time period the activity was found inhibited.

Since there was significant leucocytosis, it is believed that there

was no destabilization of lysosomes and cell death due to copper

toxicity at the sublethal levels used. Although the increased level

of enzyme activity has been attributed to hypersynthesis of the

enzymes, at this stage it is difficult to pin point the exact reason

for the high activity levels of the enzyme for the following reasons:

(L) it is not certain whether the high enzyme activity was due to

leucocytosis (i.e., normal enzyme activity by haemocytes already

present, and also by the newly recruited cells resulting in high

enzyme activity), (ii) differential leucocytosis of functionally

different haemocyte cell sub-populations for enhanced activity of

specific enzymes (see Mohandas, 1985; it may also be noted that Cheng

and Downs (1988) had demonstrated that of the five subpopulations

of ~. virginica haemocytes, sub-populations 4 and 3 showed high levels

of ACP and lysozyme activities), (iii) lysosomal enzymes can come

from nonhaemocyte sources; nonhaemocyte sources of certain lysosomal

enzymes have been reported in ~. glabrata by Cheng and Rodrick (1980),

and in Theba pisana by Cheng et a l , (1980<1), and (Lv ) hypersynthesis

of lysosomal enzymes has been recorded under metal stress conditions.
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On the contrary in L. acuminata f. rufescens such a

correlation was not found. Although there was leucocytosis at all

time periods (Chapter 2, Table 5B) subsequent to exposure of snails

to the sublethal concentrations of copper (except at 48 hrs in

0.010 ppm), the activity levels of enzymes at a few time periods

were significantly lower than those in the controls. Since this

occurred at later time periods, it is believed that the metal ions

have blocked the action of enzymes, inspite of the fact that there

was enzyme production from the normally present haemoc y t e s and from

those immobilized into the haemolymph.

Based on the above results, it can be concluded that (i)

the activity patterns of acid and alkaline phosphatases vary from

species to species, and to a certain extent age/shell size is a

factor which influences the enzyme activity, (ii) copper ions can

cause hy persynthesis of lysosomal enzymes, (iii) hy persynthesis of

alkaline and acid phosphatases need not take place simultaneously,

Le., at the same time periods, and (iv) copper ions to a certain

extent can inhibit the enzyme activity.
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5.1 INTRODUCTION

Transaminases are a group of enzymes that catalyse the process

of biological transamination. Transamination reactions involve the

transfer of an amino acid to keto acid with the formation of an

aminoacid from the latter, and the generation of a new keto acid.

Transamination not only serves as a pathway of conversion of

alpha-ketoacids to L-amino acids but also as an alternative means of

replenishing pyruvate pool. Glutamate Oxaloacetate Transaminase

(GOT) or Aspartate Amino Transferase (AAT, EC. 2.6.1.1), and

Glutamate Pyruvate Transaminase (GPT) or Alanine Amino Transferase

(A1AT, EC. 2.6.1.2) are the most important and widely investigated

transaminases. Alanine and aspartate serve as two major glucogenic

aminoacids which through the activities of the enzymes GOT and GPT

give rise to glucose precursors (Lehninger, 1979). The aspartate and

alanine aminotransferases are known to play strategic role in

metabolising L-aminoacids for gluconeogenesis, and also function as

links between carbohydrate and protein metabolism under altered

physiological, pathological, and induced environmental stress

conditions (Nichol and Rosen, 1963: Knox and Greengard, 1965;

Harper et al., 1979). Changes in the activities of aminotransferases,

whether induced by endogenous or exogenous factors, are often
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with changes in metabolic functions,

widespread alterations in the organism's

and may thus

physiological

The activities of aspartate and alaninetransferases in serum

have been used to detect heart and liver damages since the first

is rich in the heart and the second in the liver. When there is

heart damage, or cell damage, these enzymes are released from the

cell into blood. Thus, these two enzymes have been studied in

connection with the diagnosis of diseases, since characteristic

serum enzyme patterns have been found to be associated with known

disease.

Environmental pollution appears to be one of the factors

that affects aminotransferase activities in animal tissue (Lane

and Scura, 1970). It has been suggested that stress in general

increases the activities of aminotransferases ,Knox and Greenguard,

1965; Payne and Penrose, 1975; Ahamed et al , , 1978), and it is

likely that toxic stress could be responsible for their elevation.

The high rate of GOT activity could result only from an

enhanced rate of aspartate formation (Malhotra et a l , , 1986). The

decreased GOT activity may be due to the damage caused to

mitochondrial membranes, loss of matrix and swelling mitochondrion

(Chow and

attributed

Pond,

to

1972). The

the decreased

decrease in

oxaloacetate

GOT may also

availabili t y ,

be

The

increase in GPT activity might partly be to compensate the loss
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of GOT acti vi ty or to the increased pyruvate availability

(Chetty et al., 1980). All transaminases appear to require

specifically either pyridoxal-S-phosphate or pyridoxamine-S-phosphate.

These coenzymes are tightly bound to the apoenzymes (Guirard and

Snell, 1964; Fasella, 1967). An activation of the coenzyme of

copper may inturn elevate the activity of the transaminases in the

tissue.

Couch (1974) reported that hepatotoxicity and hepatopatho

logical damage are the most common responses to various xenobiotic

agents in fish. Activities of hepatic enzymes were found to increase

in response to xenobiotics in fish. Higher concentration of both

GOT and GPT in the blood of the common Red sea harry fish Aphanius

dispar, in acute and long-term mercury exposure was studied by

Hi lmy et a1. (1981) • They reported that there was an elevation

in GOT activity in long term exposure of mercury and attributed

this to cellular degradation by mercury. Bell (1968) reported that

transaminases are indicators of degradation in salmonoids.

Hilmy et al. (1981) reported that GPT showed a statistically

significant increase during acute mercury poisoning due to increased

permeability of the liver cell membrane leading to increased serum

activity.

The liver parenchyma is a rich source of GOT second only

a heart muscle and has the highest known content of GPT. The

absolute amount of GPT is less when compared to GOT. Although
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damage to liver tissue leads to increased serum levels of both

transaminases, yet the increase in GPT levels is more specific for

liver damage than GOT (Sherlock, 1968).

and

Dange (1986)

phenol on the

reported the

activities of

effects of toluene,na~hthalene

both the transaminases in the

freshwater fish Oreochromis mossambicus. Tiedge et al. (1986)

investigated the effect of substituted phenols on the transaminase

activity in the fish, Leuciscus idusmelanotus and reported increase

in the activity of serum trans&~inases.

The increase of serum transaminases has been shown to be

roughly proportional to the degree of cell necrosis in mice infected

with hepatic virus (Friend et al , , 1955). They also observed loss

of analogous transaminase activity in the liver of the same animals.

Zelman et al. (1959), in a similar study of human subjects, found

an excellent correspondence between the extent of necrosis of liver

cells and the rise in serum transaminases. An inverse relationship

of the degree of necrosis of liver cells was found to some extent

with both transaminases.

The occurrence of transaminases in molluscs is well known

(Read, 1962; Awapara and Campbell , 1964; Goddard and Martin, 1966)

but their origin remains unknown. Transaminases activities were

reported in a variety of molluscan tissues such as in ~. glabrata

haemolymph

bengalensis

( Rodrick

(Prasad

and Cheng, 1974), body fluid of Viviparus

et a1., 1983), haemolymph of Lymnaea luteola
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(Manohar et a l , , 1972) in the tissues of Pila globosa (Swami and

Reddy, 1978), and the GOT levels tend to be quite a bit h i ghe r than

the GPT levels in the hepatopancreas of some gasrr opods (Swami and

Reddy, 1978; Sollock et a l , , 1979). Hammen (1968) reported that

the levels of activity in the tissues vary with the size of the

animal, Lnd.ica t i ng that animals of uru f orm size should be used in

rnak i ng comparisons of the levels of tissue activity under various

experimental regimens. There are various factors affecting the

levels of GOT and GPT in tissues such as difference in species and

or other factors related to reason, food, size of the animals and

assay procedure. In Pila globosa, the tissue levels of GPT and

GOT were ~reater in active animals than in starvin~ and aestivating

animals (Swami and Reddy, 1978). . Mohan and Dass (1969) , Mohan and

Babu (1975) reported that there was a considerable loss of acety 1

cholinesterase, aspartate and alanine aminotransferase activities

durin~ aestivation. This loss indicated a disruption of normal

pattern of acetylcholine and glutamate metabolisms in the aestivating

snail.

Cheng et al. (l980a) reported seasonal fluctuations in GPT

activity associated with the head-foot tissues of Theba pisana.

There is a steady rise in glutamate pyruvate transaminase activity

in the spring, terminating in winter prior to death. This is

interpreted to reflect a compensatory metabolic shift prior to

death. Kulkarni and Kulkarni (1987) reported enhanced AAT and AlAT

activity in the gi LLs and mantle muscles of mercury exposed clams.
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The general body fluid aminotransferase activity is very high in

1.. luteola (Manohar et al., 1972). Compared to body fluid GPT,

the GOT activity of normal L. luteola was found to be low. This

might be either a reflection of the intracellular concentration

or a consequence of differences in intracellular localisation,

permeation through cell membrane, and the rate of inactivation and

elimination of these two transferases. In view of the results of

Awapara and Campbell (1964) and Hammen (1968), it is more probable

that the body fluid aminotransferase activity pattern is more a

reflection of the situation inside the cell.

Manohar et al. (1972) studied the activity pattern of

aminotransferases in trematode cercariae infected 1.. luteola. They

reported that the total aminotra~sferase activity in the body fluid

rose significantly in xiphidio and furcocercarial infections and

dropped in pigmented cercarial infections. Manohar and Rao (1977)

observed a significant drop in both the AAT and AIAT activity levels

in the tissue and highly elevated levels in the body fluid of

infected snails. Of the two aminotransferases assayed, the activity

of alanine aminotransferase was higher than that of the aspartate

aminotransferase in the non-parasitized snails while a reverse

trend was seen in infected ones. This led to the variation in the

de Ritis quotient (GOT:GPT ratio). Infected snails, the haemolymph

de Ritis quotient is significantly high when compared with that

of un infected ones. This is due to the significant elevation of

aminotransferases during infection (Manohar and Rao, 1977). The
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relative effect of different larval trematodal infection on the

body fluid enzymatic profiles of the freshwater snail, !. bengalensis

was reported by Prasad et al. (1983). Alanine and aspartate

aminotransferase activity was lowered on Cercariae indica LXXXII

infections and aspartate aminotransferase activity was increased

on echinostomal cercarial infection. The GOT:GPT ratio was found

to be increased in. echinostome cercariae infected snails while in

Cercariae indica LXXXII infected snails a more or less constant

GOT:GPT ratio with respect to the uninfected snails was observed.

Transaminases might be of particular importance under condi

tions that impose a heavy loss on the animals store of metabolites

(GoMard and Har t I n ; 1966).• The amino transferases have their

own role in shell formation (Hammen and Wilbur, 1959) and in amino

acid excretion (Hammen, 1968). The role of transaminases in

gluconeogenesis was reported in a number of gastropods (Moran and

Gonzalez, 1967; Bacila, 1970, Marshall et a1., 1974; Ishak et al., ,

1975; Sharaf et al., 1975; Mc Manus and James, 1978; Sollock

et a1., 1979).

In this chapter the effect of sublethal concentrations of

copper on the activity pattern of GOT and GPT is reported. From

the introduction it is obvious that studies related to GOT and GPT

in metal stressed animals are rare, and as far as invertebrates

are concerned they are still less.
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5.2 MATERIALS AND METHODS

Methods of collection of snails, acclimatisation, selection

of size groups, mode of collection of haemolymph and the computation

of data were the same as described in detail in section 2.2.

The toxicant used, toxicant concentration, and procedure for

lethal and sublethal toxicity studies are described in section 4.2.

5.2.1 Enzyme Analysis

The activity pattern of haemolymph Glutamate-Oxaloacetate

Transaminase and Glutamate-Pyruvate Transaminase in the three size

groups selected, as well in one size group exposed to three

different sublethal concentrations of copper were studied.

5.2.1.1 Assay of Glutamate-Oxaloacetate Transaminase (Aspartate

Aminotransferase)

Glutamate oxaloacetate transaminase activity in the

haemolymph was determined following the methodology of Reitman and

Frankel (1957). To study the enzyme activity in 1. exustus, buffer

substrate of pH 7.6 was used. In the case of L. acuminata f.

rufescens, the pH of the buffer/substrate mixture used was 7.4

(containing 0.1 M phosphate buffer, 0.1 M aspartate and 2 mM

2-oxoglutarate).

To 1 ml of the frozen buffer /substrate mixture, 0.1 ml of

ohaemolymph was added and incubated for one hour at 37 ~ 0.05 C. At
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the end of incubation, the reaction was stopped by adding 1.0 ml of

chromogen solution (2,4-dinitrophenyl hydrazine) and mixed well and

kept for 20 minutes at room temperature. After 20 minutes, la ml

of 0.4 N NaOH was added and the colour developed was read

spectrophotometrically at 546 rum. The enzyme activity is expressed

in F moles pyruvate liberated/minute/ml.

5.2.1.2 Assay of Glutamate Pyruvate Transaminase (Alanine

ffininotransferase)

Glutamate pyruvate transaminase activity in the haemolymph

was determined by the method of Reitman and Frankel (1957).

Indoplanorbis exustus showed the maximum enzyme activity at pH 7.2

while Lymnaea acuminata f. rufescens at pH of 7.4. The incubation

otemperature was 37 ~ 0.05 C.

To 1.0 ml of the buffer substrate solution (containing

0.1 M phosphate buffer, pH 7.4, 0.2 M DL-alanine and 2 mM

2-oxoglutarate), 0.1 ml of haemolymph was added and the reaction

mixture was incubated for one hour at 37oC. After incubation, the

reaction was stopped by adding 1 ml of 0.45 mM chromogen solution

and allowed to stand for 20 minutes at room temperature. After 20

minutes, 10 ml of 0.4 NaOH was added and the colour developed was

measured spectrophotometrically at 546 nm. Enzyme activity is

expressed as p moles pyruvate liberated/minute/ml.
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5.3 RESULTS

5.3.1 Enzyme Analysis

5.3.1.1 Glutamate-Oxaloacetate Transaminase activity in the three

size groups of snails

5.3.1.1.1 Indoplanorbis exustus (Table 21A)

The mean value of activity in 15 ± 1 ~n size group was found

to be significantly lower than the activities in 11 ± 1 mm and

7 ± 1 mm groups (f< 0.01, 0.05). There was no significant variation

in values between size groups of 7 ± 1 ~n and 11 ± 1 mm.

5.3.1.1.2 Lymnaea acuminata f. rufescens (Table 21B)

There was significant variation in the mean values among

three size groups. The mean value of activity in 21 ± 1 mm size

group was found higher than the values in 18 ± 1 mm and 13 ± 1

mm size. groups (f< 0.001). The mean value in 13 ± 1 mm size

group was found to be significantly lower than the activity value

in 18 ± 1 mm size group (f<O.Ol).

5.3.1.2 Glutamate Pyruvate Transaminase activity in the three size

groups of snails

5.3.1.2.1 Indoplanorbis exustus (Table 22A)

The results showed significant variations in the activity

pattern of Glutamate pyruvate transaminase in different size groups.

The mean value of activity in 15 ± 1 ~n size group was significantly
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Haemolymph Glutamate-oxaloacetate Transaminase (D/ml)

in the three size groups of Indoplanorbis exustus

Size group

N

Mean value

± SD

Range

7±1 mm

12

0.1545

0.0255

0.1334-0.2218

11±1 mm

12

0.1774

0.0326

0.1236-0.2140

15±1 mm

12

0.1162

0.0523

0.0244-0.2072

Table 21B. Haemolymph Glutamate-Oxaloacetate Transaminase (D/ml)

in the three size groups of Lymnaea acuminata f.

rufescens

Size group 13±1 mm 18±1 rrun 21±1 mm

N 12 12 6

Mean value 0.0291 0.0446 0.0759

± SD 0.0099 0.0141 0.0139

Range 0.0122-0.0471 0.0253-0.0722 0.0520-0.0942
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Haemolymph Glutamate-Pyruvate Transaminase (U/ml) in

the three size groups of Indoplanorbis exustus

Size group

N

Mean value

± SD

Range

7±1 mm

12

0.0478

0.0118

0.0282-0.0705

11±1 mm

12

0.0319

0.0084

0.0181-0.0491

15±1 mm

12

0.0282

0.0091

0.0091-0.0377

Table 22B. Haemolymph Glutamate-Pyruvate Transaminase (U/ml) in

the three size groups of Lymnaea acuminata f. rufescens

Size group

N

Mean value

± SD

Range

13±1 mm

12

0.0124

0.0043

0.0044-0.0188

18±1 mm

12

0.0157

0.0062

0.0065-0.0267

21 ±1 lIlill

6

0.0185

0.0053

0.0103-0.0240
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lower than the activity value in 7 ± 1 mm size group (P <0.00l)

while there was no significant variation in values between the size

groups 15 ± 1 mm and 11 ± 1 mm. When the mean value of 11 ± 1 mm

size group was compared with the values in 7 ± 1 mm, the Lat t er

showed significantly higher value (f.<0.0l).

5.3.1.2.2 Lymnaea acuminata f. rufescens (Table 22B)

Statistical analysis of the data revealed that there is

significant variation in values between snails of the size groups

21 ± 1 mm and 13 ± 1 mm. The activity in 21 ± 1 mm size group was

significantly higher than the activity in 13 ± .1 mm group (f.< 0.05).

5.3.1.3 Sublethal effects of copper on the activity pattern of

Glutamate-Oxaloacetate Transaminase

5.3.1.3.1 Indoplanorbis exustus (Table 23A ; Figure 11)

Snails dosed with 0.010 ppm of copper showed statistically

significant elevation at 2, 6, and 12 hr post-exposure with respect

to the control. At 24 and 48 hr post-exposure, no significant

difference in values was observed with respect to the corresponding

controls. When the mean values of 0.015 ppm copper dosed snails

were compared with the respective controls, no significant variation

was found at 2, 12 and 48 hr post-exposure. At 6 and 24 hr, the GOT

activity was found to be significantly lower than the control values.

The 0.020 ppm copper dosed snails showed significantly lower GOT

activity at 6 hr than the control, and at 12 and 24 hr of exposure,
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a general trend in the elevation of activity was observed and at

48 hr this elevation was significantly higher.

When GOT activity in snails exposed to the three sublethal

concentrations was compared at specific intervals, at 2 hr

post-exposure, the enzyme activity was found to decrease as

concentrations increased. The GOT activity in 0.020 ppm copper

dosed snails was found to be significantly lower than the activities

in snails exposed to 0.015 (f< 0.05) and 0.010 ppm (f< 0.001).

In 6 hr copper exposed snails, the enzyme activity was the

highest at 0.010 ppm, and it was found to be significantly higher

than the activities in 0.015 ppm (f < 0.00l) and 0.020 ppm

(f< 0.001).

When the levels of GOT activity at 3 different sublethal

concentrations at 12 hr post-exposure were compared, 0.015 ppm dosed

snails showed significantly lower activity than in those dosed with

0.010 ppm (f<O.OOl) and 0.020 ppm (f<O.Ol). The maximum activity

was observed in those exposed to 0.010 ppm, and it was significantly

higher than the activities in 0.015 ppm (f< 0.001) and 0.020 ppm

(f< 0.00l) dosed snails.

At 24 hr post-exposure, the GOT activity in 0.015 ppm was

found to be significantly lower than the activities in 0.010 ppm

(f< 0.00l) and 0.020 ppm (f< 0.00l).

At 48 hr also 0.015 ppm dosed snails showed significantly

lower GOT activity when compared with those snails dosed with
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0.010 ppm (f.<0.01) and 0.020 ppm (f.<0.001). The maximum activity

was observed in 0.020 ppm and it was significantly higher than the

activities in 0.010 ppm (P< 0.001) and 0.015 ppm (P< 0.001).- -

5.3.1.3.2 Lymnaea acuminata f. rufescens (Table 23B ; Figure 12)

The activity in snails dosed with 0.010 ppm of copper when

compared with the activity in corresponding controls, significant

decline was observed at 6 hr, and at 12, 24 and 48 hr post-exposure

a general trend for the elevation of enzyme activity was observed.

This elevation in enzyme activity was significant only at 48 hr when

compared wi th the control. The 0.015 ppm dosed snai Is showed a

significantly higher value at 2 and 48 hr post-exposure with respect

to their controls. However at 6, 12 and 24 hr, no significant

variation in enzyme ac ti vity was observed, although the trend was

to go on the higher side. The GOT activity level was found to be

non-significant in 0.020 ppm copper dosed snails at all time periods

except at 6 hr. At 6 hr, the GOT activity was significantly lower

than the control value.

When the activity levels in snails exposed to the three

sublethal concentrations of copper were compared, a decrease in the

activity was observed in the lowest concentration at 2 hr

post-exposure and this decreased activity was significantly lower

than the activities in those snails dosed with 0.015 ppm (f.<0.001)

and 0.020 ppm of copper (f.< 0.001).
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At 6 hr, the maximum activity was observed in 0.015 ppm dosed

snails, and the activity was significantly higher than the

activities in 0.010 ppm (f. <0.00l) and 0.020 ppm dosed snails

(f.<0.05). When the activity levels in 0.010 ppm and 0.020 ppm

dosed snails were compared, significantly higher value was observed

in 0.010 ppm dosed snails (f.< 0.00l).

At 12 hr, the activity was found to be high at 0.010 ppm, and

it was significantly higher than the activity in 0.020 ppm (f.<0.01).

Snails exposed to sublethal concentrations of copper for

24 hr , however, did not show any significant variation in GOT

activity, when compared among themselves.

At 48 hr post-exposure, GOT activity was found to be lower

in 0.020 ppm dosed snails, and it was significantly lower than the

activities in 0.015 ppm (f. <0.001) and 0.010 ppm dosed snails

(f.< 0.00l).

5.3.1.4 Sublethal effects of copper on the activity pattern of

Glutamate Pyruvate Trans&~inase

5.3.1.4.1 Indoplanorbis exustus (Table 24A ; Figure 13)

The snails dosed with 0.010 ppm of copper did not show any

statistically significant variation in GPT activity at 2, 6, 24 and

48 hr post-exposure with respect to the control values. The only

significant variation in GPT activity at 0.010 ppm was at 12 hr at

which the activity was significantly higher than the control.
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The 0.015 ppm copper dosed snails showed significantly lower value

at 24 hr than the control. No significant change was observed at 2,

6, 12 and 48 hr post-exposure. In snails dosed with 0.020 ppm of

copper, significantly higher GPT activity was observed at 12, 24 and

48 hr post-exposure with respect to the controls.

When GPT activity among experimentals were compared at

specific intervals, the enzyme activity was found to be higher at

2 hr post-exposure in 0.010 ppm dosed snails, and the activity was

significantly higher than the activities in 0.015 ppm (1:.<0.05) and

0.020 ppm (1:.<0.001) dosed ones.

At 6 hr post-exposure, no significant change in enzyme

activity among different sublethal concentrations was observed.

At 12 hr post-exposure, the GPT activity in 0.015 ppm dosed

snails was found to be significantly lower than the ac tivi ties in

0.010 ppm (1:.<0.001) and 0.020 ppm dosed snails (1:.<0.001). When the

enzyme activity levels in 0.010 and 0.020 ppm were compared, the

former showed significantly higher value than the latter (1:.< 0.001).

The GPT activity was found to be higher in 0.020 copper dosed

snails at 24 hr , than the activities in 0.010 ppm (1:.<0.001) and

0.015 ppm dosed snails (1:.<0.001). The enzyme activity was found to

be significantly higher in those snails dosed with 0.010 ppm

(1:.<0.001) when compared with the value in 0.015 ppm.
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At 48 hr post-exposure, the GPT activity in 0.020 ppm dosed

snails was significantly higher than the activities in 0.010 ppm

(f<O.OOl) and 0.015 p pm (f<O.OOl) dosed snails.

5.3.1.4.2 Lymnaea acuminata f. rufescens (Table 24B ; Figure 14)

Snails dosed with 0.010 ppm of copper showed significantly

lower value than the control at 6 hr post-exposure. There was no

significant change in GPT activity at 2, 12, 24 and 48 hr

post-exposure. The 0.015 ppm and 0.020 ppm copper dosed snails did

not show any significant change in GPT activity at 2, 6, 12, 24 and

48 hr post-exposure.

When the enzyme acti vi ty was compared among experimentals at

specific intervals, GPT activity at 2 and 6 hr post-exposure was

found to increase significantly in 0.015 ppm exposed snails compared

with 0.010 (f<O.OOl) and 0.020 pprn dosed ones (f<O.OOl). When

compared with 0.010 ppm, the GPT activity was found to be

significantly higher in those dosed with 0.020 ppm at 2 hr (f< 0.05)

and 6 hr (f< 0.001) post-exposure •.

At 12 hr post-exposure, the GPT activity was maximum in those

snails exposed to 0.020 pprn of copper, and it was significantly

higher than the activity in 0.010 ppm dosed snails (f<O.Ol).

There was no significant variation in GPT activity at 24 and

48 hr post-exposure, when the activities in snails exposed to the

three different sublethal concentrations of copper were compared.
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5.3.1.5 GOT:GPT Ratio

5.3.1.5.1 Indoplanorbis exustus

Among size groups, the ratio was significantly higher in

snails of the 11 ± 1 ~~ size group than in those of the 7 ± 1 mm size

group (f< 0.001 Table 25A).

Except for the values at 6 hr post-exposure, which were

significantly lower in 0.015 and 0.020 ppm copper dozed snails than

in the controls (f< 0.05), the ratio did not show any significant

variation (Table 26A).

Among the experimentals when the ratio was compared, it was

significantly higher at 24 and 48 hr post-exposure in 0.010 ppm

dosed ones than in 0.015 ppm dosed ones (f < 0.05 and f< 0.01,

respectively), at 6, 12 and 24 hr post-exposure in 0.010 ppm than in

0.020 ppm dosed ones (f<O.OOl, f<O.Ol, and f<O.Ol respectively);

and at 12 hr post-exposure in 0.015 ppm than in 0.020 ppm dosed Ones

(f<0.05).

5.3.1.5.2 Lymnaea acuminata f. rufescens

Among size groups, the ratio was significantly higher in the

largest size group than in the smallest size group (f <0.001)

(Table 25B)

The ratio did not show any significant variation between the

control and the experimentals at any time period (Table 26B).

Among the experimentals, the ratio in 0.015 ppm dosed ones

was significantly higher at 24 hr than in 0.010 ppm dosed ones
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Table 25A. GOT:GPT ratio in the three size groups of Indoplanorbis exustus

Size group

N

Mean value

± SD

Range

7±1 mm

12

3.323

0.551

2.612-4.731

11±1 mm

12

5.854

1.860

4.110-10.840

15±1 mm

12

5.291

4.550

0.840-16.752

Table 25B. GOT:GPT ratio in the three size groups of Lymnaea acuminata

f. rufescens

Size group

N

Mean value

± SD

Range

13±1 mm

12

2.410

0.502

1.440-3.220

18±1 mm

12

3.233

2.039

1.142-5.333

21±1 mm

6

4.282

0.831

3.241-5.401
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(P <0.05), at 6, 12 and 48 hr post-exposure in 0.010 ppm dosed ones

than in 0.020 ppm (f<O.Ol, f<O.OOl and f<0.05 respectively) and

at 6 and 48 hr post-exposure significantly higher in 0.015 ppm dosed

ones than in 0.020 ppm dosed ones (f<O.OOl), but at 2 hr

post-exposure significantly lower (f< 0.001).
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5.4 DISCUSSION

The activity patterns of GOT and GPT in the two snail species

were entirely different. Generally, the activities of both the

enzymes were found elevated in the Larger size group in .h. acuminata

f. rufescens, while in I. exustus the GOT activity level was maximum

in the intermediate size group , and GPT in the small size group.

This difference in pattern can be explained as species difference.

Hammen (l968) reported that the levels of GOT and GPT acti vi ty in

the tissues vary with the size of the animal. Bishop et al. 11983;

have also reported that other factors affecting the levels of these

transferases in tissues are difference in· species and/or other

factors related to season, food, size of the animal, and assay

procedure.

In both the species. studied, the GOT ac ti vi ty was found to

be h i ghe r than GPT activity in all the three size groups , Sirr.ilar

results were r epor t ed by. Sollock et al. \1979) ,and Swami & Red.dY11978)

in the hepatopancreas of some gastropods , Since there is higher

GOT activity than GPT activity, and as aspartate and glutamic acids

seem to be abundant in snails (Senf t , 1967), it is possible that

reactions i nvol vt ng oxaloacetate seem to ga i n more importance than

others involving pyruvate. This change from pyruvate-oriented to

oxaloacetate-oriented metabolisms might have something to do with

glycogen reserves. It is possible as suggested by Manohar et al.

(1972) that the aminotransferase activity pattern is more a reflection

of the situation inside the cell.
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1. exustus dosed with three sublethal concentrations of copper

showed significant increase in. GOT activity at 0.010 ppm till 24

hr post-exposure than the controls. The maximum activity was found

at 12 hr post-exposure, then the ac ti vity gradually decreased to

normal level at 24 and 48 hr post-exposure. Similarly, the GPT

activity also showed significant increase at 12 hr post-exposure,

and then gradually normalised at 24 and 48 hr post-exposure. Snails

++
dosed with 0.015 ppm of Cu showed decreased activity levels of

both transferases. At 24 hr post-exposure, the activity levels of

GOT and GPT were significantly lower.
++

At 0.020 ppm of Cu exposure

initial decrease was followed by significant elevation in GOT

activity at 48 hr , and significant elevation in GPT activity was

also noticed at later time periods.

++
In ~. acuminata f. rufescens, Cu did not produce significant

change in activity pattern of GPT lexcept at 6 hr in 0.010 ppm},

while significant changes occurred in the activity pattern of GOT.

At 0.010 ppm and 0.020 ppm the initial decrease was compensated later,

and in 0.010 ppm the activity reached significantly higher level

at 48 hr , At 0.015 ppm the GOT activity, in general, was found to

be high, and significantly higher at 2 and 48 hr post-exposure.

It has been suggested that stress in general increases the

activities of amt notr ansfera ses , and it is very likely that copper

stress could be responsible for the elevation of activity levels

of transferases as observed in the present study. The increase in
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both GOT and ·GPT may be due to stress induced met abo l f c shift which

results in gluconeogenesis. Metabolic shift during heavy metal

exposure has been well documented. Since many aminoacids such as

alanine, aspartate, glutamate etc. serve as gluconeogenic precursors,

and mostly the free amino acid nitrogen in the invertebrates is

distributed in few aminoacids like alanine, aspartate and glutarriate

which form a link with the citric acid cycle (See Manohar and Rao,

1977), it is highly probable that gluconegenesis might be operating

in copper-stressed snails. Alanine and aspartate are the two major

glucogenic aminoacids which through the activi ties of the enz ymes

GOT and GPT give rise to glucose precursors (Lehrn nger , 1979). The

higher level of GOT activity may be due to increase in aspartate

formation as suggested by Malhotra et al. (1986). Yet another reason

for the elevation in GOT level may be due to cellular degradation

by copper; particularly the hepatopancreas. The increase in GPT

acti vi ty also might be due to cellular degradation because

transaminases are both cytoplasmic and mitochondrial enzymes; or

due to pyruvate availability as indicated by Chetty et a1. (1980).

Catabolism of alanine in most gastropods involves transamination

to pyruvate (Livingstone and de Zwaan, 1983). Transamination is

of particular importance under conditions that impose a heavy drain

on the animal's store of metabolites (Goddard and Martin, 1966).

Transamination not only serves as a pathway of conversion of o<-keto

acids to L-amino acids but also as an alternative means of
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replenishing the pyruvate pool. Feng et al. (1970) have suggested

the "ossibility of oxaloacetate, resultinl:; from transamination, beinl:;

converted to pyruvate. However, the predomi nance of GOT activity

over GPT activity, indicates a shift towards oxaloacetate oriented

metabolism, and this may not be unusual since Senft l1967) has

reported the abundance of aspartate and glutamate or their amines

in snails.

At certain time-periods decrease in transferases activities

were noticed. This decrease may be due to competition by glutamate

dehydrogenase in the presence of ammonia for NADH andce-ketoglutarate

(D'Apollonia and Anderson, 1980). Although Chow and Pond (1972)

attributed this to the damage caused to mitochondrial mewbrane, loss

of matrix, and swelling of mitochondrion, it does not seem that the

observed decrease in activity can entirely be attributed to the

explanation given by Chow and Pond (1972), since the activity levels

were norwalized at later time periods. It could be more due to lesser

availability of precursors due to the heavy utilization of amino

acids to counter the stress as indicated earlier by Chow and Pond

(1972). It could also be due to inhibition of proteolytic enzymes

by the toxicant because it leads to depletion of glucogenic amino

acids; i , e., aspartate and alanine, among others. This inhibition

reaction, however, is reversible (Hilmy et al., 1981), and this might

be the reason for the normalization of the activity levels at later

time periods.
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SUMMARY

The problem investigated is on the haematological aspects

of two freshwater pulmonate snails, Indoplanorbis exustus

(Deshayes), and Lymnaea acuminata f. rufescens (Gray). An important

aspect of the present investigation is to emphasize the utilization

of freshwater organisms as models for research direc ted at

understanding the basic biomedical problems that remain unresolved.

Another aspect is to demonstrate how haemolymph can be treated

as a tissue because of late, it has been shown that several

parameters of blood can be taken as reliable indicators for

diagnostic purposes, and also to monitor env i ronmenta l pollution.

The various haematological parameters studied are total haemocyte

number, packed cell volume, haemoglobin (in I. exustus), and

inorganic as well organic constituents in three size groups of

both the snail species. The effect of copper toxicity was measured

in t e rms of total haemocyte count, and the ac ti vi ty pattern of

selected phosphatases and transaminases.

The thesis is divided into six chapters. The first chapter

is the general introduction, the second chapter is on haemocytes,

and the third one deals with the inorganic and organic constituents

in the haemo Lyrnph of three size groups of both the snail species.

The fourt hchapter deals with variations in the haemolymph acid

and alkaline phosphatases activities in snails of the three size
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groups, as well as subsequent to challenge with copper ions.

Variations in the activities of haemolymph glutamate-oxaloacetate,

and glutamate pyruvate transaminases in snails of the three size

groups, and the activity pattern of haemolymph transaminases under

copper stress are outlined in the fifth chapter. Summary of the

work forms the sixth chapter, followed by the list of references.

The first chapter, the general introduction, includes the

significance of the work, the present status of haematological

studies on invertebrates, and molluscs in particular, and the

importance of haematological studies in monitoring pollution.

Studies on total haemocyte number in the three size groups

of the two species of snails, packed cell volume, and haemoglobin

levels in 1. exustus are the subject matter of the second chapter.

The effect of selected abiotic as well as biotic factors

temperature, pH, copper toxicity, and snail-conditioned water

on the total haemocyte counts at different time periods in the

intermediate size groups snails was also investigated. Size

group/age dependent increase in haemocyte number was observed

in both the snail species studied, while packed cell volume did

not show any significant difference, as it was found to be below

the detectable level of 1% • Haemoglobin concentration in

I. exustus was significantly higher in the intermediate size group

but in the large size group also the level was high. The results

on total haemocyte counts in different size groups, and the effects
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of abiotic as well as biotic factors on total counts revealed the

following: (a) shell size/age is a factor which influences the

number of haemocytes in the two species studied, (b) abiotic

factors such as temperature, and pH affect total cell counts to

a certain extent in both the snail species, (Cl snail-conditioned

water does not influence the total count, and (d) copper ions

induce leukocytosis in both the species of snails.

In the third chapter, observations on the inorganic as well

as organic constituents of haemolymph in the three size groups

of snails are reported. The various inorganic constituents studied

are haemolymph sodium, po tass tum, calcium, chloride, and ammonia,

while the organic constituents are urea, total carbohydrate,

glycogen, total protein, and total lipids. The results showed

an almost size dependent variation in constituents except in the

case of chloride and ammonia in both the species. No significant

variations in the concentrations of chloride and ammonia were

noticed in both the snail species. The concentrations of urea,

total carbohydrate, glycogen, and protein were found to increase

with increase in size/age while those of sodium, potassium, and

lipid were found decreased. The results are discussed in this

chapter, and it is concluded that the concentrations of organic

and inorganic constituents present in the haemolymph are dependent

on the size/age of the snails.
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In the fourth chapter, the activity patterns of acid and

alkaline phosphatases inthe three size groups, as well as the effect

of copper on the activity patterns of the two phosphatases in the

haemolymph of the intermediate size group of both the snail species

were reported. Based on the LCsO value, the haemolymph acid and

alkaline phosphatase activity patterns in snails exposed to three

sublethal concentrations of copper, 0.010, 0.015 and 0.020 ppm,

were studied at 2, 6, 12, 24 and 48 hr post-exposure. Among the

size groups, no significant change in acid phosphatase activity

was observed in the case of 1. exustus, while in 1..acuminata f.

rufescens the activity pattern was generally found to be high in

the largest size group studied. In the case of alkaline

phosphatase, a general trend of decreased activity pattern was

observed in 1. exustus, while a general trend of increased enzyme

activity was observed in L. acuminata f. rufescens , In copper

dosed I. exustus both alkaline and acid phosphatase activity levels

were found elevated in the highest concentrations studied. In

the case of 1.. acuminata f. rufescens the ACP activity was found

to be elevated than the controls at almost all time periods while

ALP activity showed significant variations at lower concentrations.

The results on the phosphatase activity indicated the followings,

li) the activity patterns of acid and alkaline phosphatases vary

from species to species, and age/size is a factor which to a certain

extent influences the enzyme activity, (ii) copper ions can cause

hypersynthesis of lysosomal enzymes, (iii) copper ions to a certain
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extent can inhibit the activity of phosphat.ases , ( Lv) copper ions

can cause variations in total haemocyte count and (V) hypersynthesis

of alkaline and acid phosphatases need not take place simultaneously.

Studies on the haemol ymph transaminase activity in the three

size groups of both the snail species, and under copper toxicity

are the subject matter of the fifth chapter. The haemolymph

glutamate-oxaloacetate transaminase activity was found to be hi 5her

than 5lutamate-pyruvate transaminase activity in both the snail

species studied. Among the different size groups, both GOT and

GPT activities were found genera l l y decreased in the largest size

group in 1. exustus, while in 1. acuminata increased activity

towards the larbest size group was observed. In copper dosed

1. exustus the GOT activity in 0.010 ppm cop per dosed snails was

found to be high at early time periods till 24 hr post-exposure

and at 48 hr the activity was normalised. In 0.015 ppm copper

dosed snails the GOT activity was below the control values at 6,

12, 24 and 48 hr post-exposure. In 0.020 ppm copper dosed snails

the GOT activity declined at early time periods but tends to

increase towards 48 hr post-exposure. In L. acuminata f. rufescens

the GOT activity in 0.010 ppm dosed ones showed a genera L trend

of decreased activity at early time periods and after 6 hr

post-exposure increased activity was observed. In 0.015 ppm dosed

snails a general trend of increased activity at all time periods•
was observed, while in 0.020 ppm dosed ones at 6 hr post-exposure

a s i gn If i.cant; decrease in the activity was observed. After the
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initial significant decrease the activity was normalised. The

GPT activity was found to be very high in 0.020 ppm copper dosed

1. exustus at later time periods, while at 0.015 ppm the enzyme

activity was normal except at 24 hr post-exposure where the activity

was significantly lower. In 0.010 ppm copper dosed snails a highly

significant increased activity was observed at 12 hr post-exposure.

In the case of L. acuminata f. rufescens, the GPT ac tivi ty was

almost normal at all time periods except at 6 hr in the lowest

concentration. The results showed that (i) the GOT activity is

always higher than the GPT in both the snail species, (ii) age/size

is a factor which influences the activity pattern of both

transaminases, and (iii) activity patterns of transaminases, to

a certain extent are stress indicators.

It is concluded that enzyme activi ty levels can be taken

as reliable indicators to monitor pollution. Age is a factor

that determines several of the physiological, biochemical and

metabolic activities since there are variations in several

haemolymph parameters. T.his study also indicates that haemolymph

can be taken as an organ system to study the various changes taking

place at organ systems levels.



R E FER E NeE S



REFERENCES

AboLi ns-Krogt s , A. 1963. The histochemistry of the mantle of Helix

pomatia (L.) in relation to the repair of the damaged shell.

Ark. Zool. IS, 461-474.

Abolins-Krogis, A. 1972. The tubular endoplasmic reticulum in the

&noebocytes of the shell-regenerating snail, Helix pOlliatia

~L.) Z. Zellforsch. Mikrost. Anat. Bd. 128, S. 58-72.

Ahamed , K, 1. , Begum, R., Si vaiah, S. , and RamanaRao, K, V• 1978.

Effect of malathion on free aminoacids, total proteins,

glycogen and some enzymes of Lemellidens marginalis. Proc ,

Ind. Acad. Sci. 37 B, 377-380.

the gumboot chiton Cry ptochiton

Comp. Biochem. Physiol. 57 A, 4l-~6.

AlIen, W.V. 1977. Interorgan transport of lipids in the blood of

stelleri (Middendorff).

"-Alyakrinskaya, 1.0. 1972 • B'ioc hemic a L adaptations of aquatic

molluscs to air env i r onmen t (Engl , summar y ) , Zool. Zh , 51,

1630-1636.

*Ammon, J., Melani, F., and Groschel - Stewart, U. 1967. Nachweis

von immunologisch hemmbarer Insulinaktivitat bei Schnecken

(Helix pomatia L.). In "Die Pathogenese des Diabetes

mellitus. Die endokrine Regulation des Fettstoffwechsels"

(E. Klein, ed.), pp. 96-98. Springer-Verlag, Berlin and

New York.



180

Anon. 1963. The co1orimetric determination of phosphatase.

Tech. Bull. No.104, Sigma Chemicals Co., St. Louis.

Sigma

Armstrong, D.A., Armstrong,

1971. Experimental

J.L., Krassner , S.M., and Pau1ey, G.B.

wound repair in the black abalone,

Haliotis cracherodii J. Invertebr. Patho1. 17, 216-227.

Awapara, J., and Campbe11, J.W. 1964. Utilization of C140
2

for

the formation of some aminoacids in three invertebrates.

Comp. Biochem. Physio1. 11, 231-235.

Babu , G.R., and Rao , P. V. 1985. Effect of copper sulphate on

respiration, electron transport, and redox potential in the

digestive gland of the snail host, Lymnaea Lut eo l a ,

Environ. Contarn. Toxicol. 34, 396-402.

Bull.

Babu , G.R., Jyothirmayi, G.N., Prasad, B.S.V., and Rao, P.V. 1981.

Relative effect of furco and xiphidio cercaria1 infections

on metabolism of the snail host Lymnaea luteo1a. Ind , J.

Expt. BioI. 19, 1203-1204.

Baccino, F.M. 1978. Selected patterns of lysosomal response in

hepatocytic injury. In "Biochemical mechanisms of Liver

Injury" IT.F. Slater, Ed.}, pp. 518-557, Academic Press,

New York.

Baci1a, M. 1970. Anap1erotic mechanisms and metabolic regulation

in Biomphalaria glabrata. An. Acad , Bras. Ciene. 42,

161-169.



181

Barnes, H., and Blackstock, J. 1973. Estimation of lipids in marine

animals and tissues Detailed investigation of the

Sulphosphosphovanillin method for 'total' lipids. J. Exp.

Mar. Bio1. Eco1. 12, 103-118.

Batte, E.G., Swanson, L.E., and Murphy, J.B. 1951. New molluscicides

for the control of freshwater snails. AIDer. J. Vet. Res.

12, 158-160.

*Bayne, B.L. 1973. Aspects of metabolism of Mytilus edulis during

starvation. Neth. J. Sea. Res. 7, 399-410.

Bayne, C.J. 1974. On the immediate fate of bacteria in the land

snail Helix. In "Contemp . Topics in Immunob i oLogy" (E.L.

Cooper, Ed, }, Vo1.4, pp. 37-45. Plenum Press, New York.

Bayne, C.J. 1980. Molluscan immunity interactions between the

immunogenic bacterium Pseudomonas aeruginosa and the internal

defence system of the snail Helix pomatia.

Immunol. 4, 215.

Dev. Comp.

Becker, W. 1972. The glucose content in haemol ymph of AustralGrbis

glabratus. Comp. Biochem. Physiol. A 43A, 809-814.

Becker, W., and Hirtbach, E. 1975. Effect of starvation on total

protein and haemoglobin concentration in the haemolymph

of Biomphalaria glabrata. Comp. Biochem. Physiol. 5lA,

15-16.



The ammonia andBecker, w. ,

of

182

and Schma1e, H. 1978.

Biomphalaria glabrata under different

urea excretion

physiological

condi tions : starvation, infection and Schistosoma mansoni,

dry keeping. Comp. Biochem. Physiol. B 59B, 75-79.

"Bedford, J.J. 1973. Osmotic relationships in freshwater mussel,

fudrella menziesi Gray (Lame l l.ebrancht a Unionidae). Arch.

Int. Physio1. Biochim. 81, 819-831~

Bell, G.R. 1968. Distribution of t.r ansaminases in the tissues of

Pacific Salmon, with emphasis on the properties and diagnostic

use of GOT. J. Fish. Res. Bd. Canada 25, 1247-1268.

Be1lavere, C., and Gobri, J. 1981. A comparative analysis of acute

toxicity of chromium, copper and cadmium to Daphnia magna,

Biompha1aria glabrata and Brachydanio rerio. Env i r on , Tech.

Lett. 2, 119.

Bishop, S.H., Ellis, L.L., and Bur cham , J.M. 1983. Amino acid

metabolism in molluscs. In "The Mollusca" (P.W•.Hochachka,

Ed.), Vol.1, pp. 243-327. Academic Press, New York.

Bohlken, S., Anastacio, S., van Loenhout, H., and Pope1ier, C. 1978.

The influence of day 1i5ht on body 5rowth and female

reproductive activity in the pond snail (Lymnaea stagnalis).

Gen. Comp. Endocrino1. 34, 109.

Boquist, L., Fa l kmer , S., and Mehrota, B.K. 1971. Ultrastructural

search for homologues of pancreatic B-ce1ls in the intestinal

mucosa of the mollusc Buccinum undatum. Gen. Comp. Endocrinol.

17, 236-239.



183

Brown, A.C., and Brown, R.J. 1965. The fate of thorium dioxide

injected into the pedal sinus of Bullia lGastropoda

prosobranchiata). J. Exp.'Biol. 42, 509-519.

Bur t on , R.F. 1965. Sodium, Potassium and magnesium in the blood

of the snail, Helix pomatia L. Physiol. Zool. 38, 335-342.

Burton, R.F. 1968. Ionic balance in the blood of pulmonata. Cornp,

Biochem. Physiol. 25, 509-516.

Burton, R.F. 1970. Tissue buffering in the snail, Helix aspersa

Comp. Biochem. Physiol. 37, 193-203.

Bur t on , R.F. 1983. Ionic regulation and water balance. In "The

Mollusca" (A.S.M. Saleuddin and K.M. Wilbur, Eds.), Vol.5,

pp. 291-352. Academic Press, New York.

Campbell, J.W. 1973. Nitrogen excretion. In "Comparative Animal

Physiology" 'C.L. Prosser, Ed.), Vol.1, pp'. 279-316. Saunders ,

Philadelphia, Pennsylvania.

Campbell, J.W., and Bishop, S.H. 1970. Nitrogen metabolism in

molluscs. In "Comparative Biochemistry of Nitrogen Fixation"

\J.W. Campbell, Ed.), Vol.1, pp. 103-206.

New York.

Academic Press,

Canton, J.H., and Slooff, W. 1977. The usefulness of Lymnaea

stagnalis L. as a biological indicator in toxicological

bioassays (model substance alpha HCH).

117-121.

Water. Res. 11,



184

Catalan, R.E., CastilIan, M.P., and Rallo, A. 1977. Lipid metabolism

during development of the mollusc Arian empiricorum.

Distribution of lipids in midgut gland, genitalia and foot

muscle. Camp. Biochem. Physiol. B 57B, 73-79.

Chandy, J.P., and Patel, B. 1985. Do selenium and Blutathione \GSH)

detoxify mercury in marine invertebrates? Effects on

lysosomal response in the tropical blood clam Anadara granosa.

Dis. Aquat. OrB. I, 39-47.

Chatterjee, B., and Ghose, LC. 1973. Seasonal variation in stored

gLy cogen and lipid in the digestive gland and genital organs

of two freshwater proscbranchs , Pr oc , Malacol. Soc. London

40, 407-412.

Cheng , T.C. 1963a. The effec ts of Echinoparythium larvae on the

structure of and glycogen deposition in the hepatopancreas

of Helisoma trivolvis and Blycogenesis in the parasite larvae.

Malcologia I, 291-309.

Cheng , T.C. 1963b. Biochemical requirements of larval trematodes.

Ann. N.Y. Acad. Sci. 113, 289-321.

Cheng, T.C. 1975. Functional morphology and biochemistry of molluscan

phagocy t es , Ann. N.Y. Acad , Sci. 266, 343-379.

Cheng , T.C. 1980. A cytochemical approach to studying hydrolases.

Trans. amer. Microsc. Soc. 99, 240-241.

Cheng , T.C. 1981. Bivalves. In "Invertebrate Blood Cells".

IN.A. Ratcliffe, and A.F. Rowley, Eds.), Vol.l, pp. 233-300.

Academic Press, London.



185

Cheng, T.C. 1983. The role of 1ysosomes in molluscan inflammation.

Amer. Zool. 23, 129-144.

Cheng, T.C. 1986. General Parasiotology. Second Edn. Academic Press,

Orlando, USA.

Cheng, T.C., and Auld, K.R. 1977.

gas t r opod Biomphalaria glabrata.

119-122.

Hemocytes of the pulmonate

J. Invertebr. Pathol. 30,

Cheng, T.C., and Butler, M.S. 1979. Experimentally induced elevations

of acid phosphatase ac tivity in haemolymph of Biomphalaria

glabrata ~Mollusca). J. Invert. Pathol. 34, 119-124.

Cheng, T.C., and Cali, A. 1974. An electron microscope study of

the fate of bacteria phagocytized by granulocytes of

Crassostrea virginica. Conternp, Top. Immunobiol. 4, 25-35.

Cheng, T.C., and Downs, J.C.U. 1988. Intracellular acid phosphatase

and lysozyme levels in subpopulations of oyster, Crassostrea

virginica, hemocytes. J. Invertebr. Pathol. 52, 163-167.

Cheng, T.C., and Galloway, P.C. 1970. Transplantation immunity in

mollusks the histocompatibility of Helisoma duryi normale

with allografts and xenografts. J. Invertebr. Pathol. 15,

177-192.

Cheng, T.C., and Garrabrant, LA. 1977. Acid phosphatase in

granulocytic capsules formed in strains of Biomphalaria

glabrata totally and partially resistant to Schistosoma

mansoni. Intl. J. Parasitol. 7, 467-474.



186

infected with

Cheng, T.C., and Lee, F.O.

Biompha1aria glabrata

1971. Glucose levels in the mollusc

Schistosoma mansoni.

J. Invertebr. Pathol. 18, 395-399.

Cheng, T.C., and Rifkin, E. 1970. Cellular reactions in marine

molluscs in response to helminth parasitism. In "Diseases

of Fish and Shellfish".

443-496.

Am. Fisher. Soc. Symposium Vol.5,

Cheng, T.C., and Rodrick, G.E. 1975. Lysosomal and other enzymes

in the hemo1ymph of Crassostrea virginica and Mercenaria

mercenaria. Comp. Biochem. Physio1. 52B, 443-447.

Cheng, T.C., and Rodrick, G.E. 1980. Nonhemocyte sources of certain

lysosomal enzymes in Biompha1aria glabrata (Mollusca:

Pulmonata). J. Invertebr. Pathol. 35, 107-108.

Cheng, T.C., and Su1livan, J.T. 1973. The effect of copper on heart

rate of Biompha1aria glabrata \.Mollusca Pulmonat.a) Comp ,

Gen. Pharmaco1. 4, 37-41.

Cheng, T.C., and Sullivan, J.T. 1974. Mode of entry, action and

toxicity of copper molluscicides. In "Molluscicides in

Schistosomiasis control" (T.C. Cheng, Ed, >, Academic Press,

New York, 89-153.

Cheng , T.C., and Sullivan, J. T. 1984. Effects of heavy metals on

phagocytosis by mo11uscan hemocytes. Mar. Environ. Res.

14, 305-315.



187

Cheng, T.C., and Yoshino, ToP. 1976a. Lipase activity in the serum

and hemolymph cells of the soft-shelled clam, Mya arenaria,

during phagocytosis. J. Invertebr. Pathol. 27, 243-245.

Cheng, T.C., and Yoshino, T.P. 1976b. Lipase activity in the

hemolymph of Biomphalaria glabrata (Mollusca) challenged

with bacterial lipids. J. Invertebr. Pathol. 28, 143-146.

Cheng, T.C., Cali, A., and Foley, D.A. 1974. Cellular reactions

in marine pelecypods as a factor influencing endosymbioses.

In "Symbiosis in the Sea". (W.B. Vernberg, Ed, }, Univ. S.

Carolina Press, Columbia, S.C. pp. 61-91.

Cheng, T.C., Chorney, M.J., and Yoshi no , ToP. 1977. Lysozymelike

activity in the hemolymph of Biomphalaria glabrata challenged

with bacteria. J. Invertebr. Pathol. 29, 170-174.

Cheng, T.C., Guida, V.G., and Gerhart, P.L. 1978a. Aminopeptidase

and lysozyme activity levels and serum protein concentrations

in Biomphalaria glabrata (Mollusca) challenged with bacteria.

J. Invertebr. Pathol. 32, 297-302.

Cheng, T.C., Thakur, A.S•• and Rifkin, E. 1970. Phagocytosis as

an internal defence mechanism in the Mollusca with an

experimental study of the role of leucocytes in the removal

of ink particles in Littorina scabra Linn , In "Symposium

on Mollusca". Marine BioI. Assoc. India, pp. 546-563.



188

Cheng, T.C., Lie, KoJ., Heyneman, D., and Richards, C.S. 1978b.

Elevation of aminopeptidase activity in Biomphalaria glabrata

(Mollusca) parasitized by Echinostoma lindoense (Trematoda).

J. Invertebr. Pathol. 31, 57-62.

Cheng, T.C., Rodrick, G.E., Foley, D.A., and Koehler, S.A. 1975.

Release of lysozyme from hemolymph cells of Mercenaria

mercenaria during phagocytosis. J. Invertebr. Pathol. 25,

261-265.

Cheng, T.C., Rodrick, G.E., Moran, S., and Sodeman, W.A. 1980a.

Notes on Theba pisana and quantitative determinations of

lysosomal enzymes and transaminases from the head-foot of

this gastropod. J. lnvertebr. Pathol. 36, 1-5.

Cheng, T.C., Huang, J.W., Karadogan, H., Renwrantz, L.R., and ¥oshino,

LP. 1980b. Separation of oyster hemocytes by density

gradient centrifugation and identification of their surface

receptors. J. Invertebr. Pathol. 36, 35-40.

Chetty, C.S.R., Naidu, R.C., Reddy, ¥.S., Aruna, P., and Swami, K.S.

1980. Tolerance limits and detoxification mechanisms in

the fish Tilapia mossambica subjected to ammonia toxicity.

lnd. J. Fish. 27, 177-182.

Chow, K.W., and Pond, W.G. 1972. Biochemical and morphological

swelling of mitochondria in ammonia toxicity.

Exptl. BioI. Med. 139, 150-156.

Pr oc , Soc.



189

Christie, J.D., Foster, W.B., and Stauber, L.A. 1974. The effect

of parasitism and starvation on carbohydrate reserves of

Biomphalaria glabrata. J. Invertebr. Pathol. 23, 297-302.

Coombs, T.L. 1974. The nature of zinc and copper complexes in the

oyster Ostrea edulis. Mar. BioI. 28, 1-10.

Coombs, T.L., and Oeorge , S.G.

and detoxification of

1978.

metals

Mechanisms of immobilization

in marine organisms. In

"Physiology and behaviour of marine organisms" tD.S. McLusky,

and A.J. Berry, Eds.). Pergamon Press, New York, 179-187.

Cooper-Willis, C.A. 1979. Changes in the acid phosphatase levels

in the haemocytes and haemolymph of Patella vulgata after

challenge with bacteria. Comp , Biochem. Physiol. 63A,

627-631.

Couch, J. 1974. Histopathologic effects of pesticides and related

chemicals on the livers of fishes. In "Pollution and

physiology and marine organ i sms" I- Vernberg, F .L., and

Vernberg, W.B., Eds.), Academic Press, London, 41.

Couch, J.A. 1984. Atrophy of diverticular epithelium as an indicator

of environmental irritant in the oy ster, Crassostrea

virginica. Mar. Environ. Res. 14, 525-526.

Coulombe, L.S. 1970. Haematological procedures. In "Experiments

and Techniques in paras i t o Logy" lMaccinis, A.J., and Voge,

M., Eds.), W.H. Freeman and Company. San Francisco, 152

155.

Cox, R.D., Gilbert, P., and Griffin, M.J. 1967. In "Methods in

Enzymology", Vo1.22 I-W.B. .Iakcb y , Ed.), eP' 648, Academic

Press, New York.



190

Croxton, foE., Cowden, D.J., and Klein, S. 1975. "Applied General

Statistics" . 3rd Edn., pp. 754. Prentice-Ha11 of India

Pvt. Ltd., New Delhi.

Cunn i ngham , P.A. 1979. The use of bivalve molluscs in heavy metal

pollution research. In "Marine Pollution Functional

Responses". (W.B. Vernberg, F.P. Thurberg, A. Ca1abrese,

and F.J. Vernberg, Eds.), pp. 183-222.

New York.

Academic Press,

D'Apollonia, S., and Anderson, D. 1980. Optimal assay conditions

for serum and liver GOT, and sorbitol dehydrogenase from

the rainbow trout, Sa1mo gairdneri. Can. J. Fish. Aquat ,

~ .
uCl. 37, 163-169.

Dale1a, R.C., Rani, S., and Verma, S.R. 1980. Physiological stress

induced by sublethal concentration of phenol and pentachloro-

phenol in Notopterus notopterus : Hepatic acid and alkaline

phosphatases and succinic dehydrogenase.

21, 3-8.

Environ. Pollut.

Dange, A.D. 1986. Metabolic effects of Naphthalene, Toluene or

Phenol intoxification in the cichlid fish Tilapia, Oreochromis

mossambicus : Changes in Aminotransferase activities. Environ.

Pollut. 42A, 311~323.

Davidson, J. K. Falkmer, S., Mehrotra, B.K., and Wilson, S. 1971.

Insulin assays and light microscopical studies of digestive

organs in promostomian and the deuterostomian species and

in coelenterates. Gen. Comp. Endocrinol. 17, 388-401.



Limpet haemocytes.

191

Davies, P.S., and Partridge, T. 1972.

on aggregation and spike

757-769.

formation. J. Cell.

1. Studies

Sci. 11,

Deaton, L.E. 1981. Ion regulation in freshwater and brackish water

bivalve molluscs. Physiol. Zool. 54, 109-121.

De Duve, C., and Wattiaux, R. 1966.

Rev. Physiol. 28, 435-492.

Functions of ly sosomes. A.

De Jorge, F.B., Ulhoa Cintra, A.B.,

1965. Biochemical studies

oblongus musculus (Becquaer t },

35-42.

Haeser, P.E., and Sawaya, P.

on the snail StroFhocheilus

Comp , Biochem. Physio1. 14,

Desaiah, D. 1978. Effect of pentachlorophenol on the ATPase in

rat tissue. Pentachlorophenol 12, 277-283.

Des Voigne, D.H., and Sfarks, A.K. 1968. The process of wound

healing in the Pacific Oyster, Crassostrea gigas. J.

Invertebr. Pathol. 12, 53-65.

De With, N.D. 1978. The effects of starvation and feeding on the

ionic c on.pos i tion of the haemo l ymph in the freshwater snail

L~mnaea stagnalis.

81, 241-248.

Proc. Kon. Ned. Akad. Wet. Series C

De With, N.D., and Sminia, T. 1980. The effects of the nutritional

state and the external calcium concentration on the ionic

composi tion of the haemo l yn.ph and on the calcium cells in

the pu Ln.onate freshwater snail Lymnaea stagnalis.

Kon. Ned. Akad. Wet. Series C 83, 217-227.

Proc.



192

De With, N.D., Witteveen, J., and van der Woude, H.A. 1980.

-n + --Integumental Na /H and Cl /HC0
3

exchan~es in the freshwater

snail Lymnaea stagnalis. Proc , Kon , Ned. Akad, Wet. Series

C, 83, 209-215.

Dietz, T.H. 1979. Uptake of sodium and chloride by freshwater

mussels. Can. J. Zool. 57, 156-160.

Dietz, T.H., and Branton, W.D. 1979. Chloride transport in freshwater

mussels. Physiol. Zool. 52, 520-528.

Dikkeboom, R., Van der Knaap, W.P.W., Maaskant, J.J., and De Jonge,

A.J .R. 1985a. Different subpopulations of haemocytes in

juvenile, adult and Trichobilharzia ocellata infected Lymnaea

stagnalis a characterization us i ng monoclonal antibodies.

Z. Parasitenkd. 71, 815-819.

Dikkeboom, R., Van der Knaap, W.P.W., Meuleman, E.A., and Sminia,

T. 1985b. A comparative study on the internal defence system

of juvenile and adult Lymnaea stagnalis.

547-553.

I~munolo~y. 55,

DfngLe, J.T., and Fell, H.B. 1969. Lysosomes in biology and

patholo~y. pp. 451. Amsterdam. North Holland Pub1. Co.

Dixon, M., and Webb, E.C. 1967. "Enzymes" Longmans, London.

Dubois, M., Cilles, LA., Hamilton, J.L, Rebers, P.A., Smith, F.

1956. Colorimetric method for determination of sugars and

related substances. Anal. Chem. 28, 350-356.



193

Dusanic, G.D., and Lever t , R.M. 1963. Alterations of proteins and

free aminoacids of Australorbis glabratus hemolymph after

exposure to Schistosoma mansoni rrdr ac i dLa, J. Infect. Di.s,

112, 243-246.

Emerson , D.N. 1967. Carbohydrate oriented metabolism of Planorbis

corneus (Mollusca, Planorbidae) during starvation. Comp.

Biochem. Physiol. 22, 571-579.

En!5e1, D.W., and Sunda , W.G. 1979. Toxicity of cupric ion to eggs

of the spot Leiostomus xanthurus and the Atlantic silverside

Menidia menidia. Mar. BioI. 50, 121-126.

Eichhorm, G.L. 1973. In "Inorganic Biochemistry". Vo1.2. Elsevier,

New York.

Fasella, P. 1967.

185-210.

Pyridoxal phosphate. Ann. Rev. Biochem. 36( 1) ,

Feng, S.Y. 1965. Heart rate and leucocyte circulation in Crassostrea

virginica (Gmelin). BioI. Bull. 128, 198-210.

Feng, S.Y. 1967. Responses of molluscs to forei!5n bodies with special

reference to the oyster. Fed. Proc. 26, 1685-1692.

Feng, S.Y., Feng, J.S., Burke, C.N., and Khairallah, L.H. 1971.

Light and electron microscopy of the leucocytes of Crassostrea

virginica (Mollusca

222-245.

Pelecypoda). Z. Zel l.for sch , 120,

Feng, S.Y., Khairallah, E.A., Canzonier,' N.S. 1970. Haemolymph

free aminoacids and related nitrogenous compounds of

Crassostrea virginica infected with Bucephalus sp. and

Minchinia nelsoni. Comp. Biochem. Physiol. 34, 547-557.



194

Finney, D.J. 1971. Probit Analysis. Cambridge Uni v , Press, London.

H. 333.

*Florkin, M., and Houe t , R. 1938. .Concentration de l' ammoniaque

in vivo et in vitro dans le mt Leu interieur des invertebres

- H. Escargot et Homar d , Arch. Int. Physio1. Btochem, 49,

127-128.

Foley, D.A., and Cheng , T.C. 1974. Mor~holo!;y, hemato l og Lc para

meters, and behaviour of haemolymph cells of the quahaug

clam, Mercenaria mercenaria. BioI. Bull. 146, 343-356.

Foley, D.A., and Cheng, T.C. 1977. Degranulation and other changes

of molluscan granu l.oc y t es associated with phagoc y t osLs ,

J. Invertebr. Pathol. 29, 321-325.

Fretter, V., and Graham, A. 1962.

Ray Society, London.

Fried, G.H., and Levin, N.L. 1973.

"British Prosobranch Molluscs".

Enzymatic activity in hepat.o-

~ancreas of Nassarius obsoletus.

B 45B, 153-157.

Com~. Bioc~em. Physiol.

Friedl, LE. 1961. Studies on the larval Fascioloides magna - IV.

Chromatographic analyses of free aminoacids in the haemolymph

of a host snail. J. Parasit. 47, 773-776.

Friedl, F.E. 1968. Basal hemolym~h !;hucose and dietary hyperglycemia

in the snail Lymnaea stagnalis. Am. Zool. 8, 763-764.



195

Friedl, foE. 1971. Hemolymph glucose in the freshwater pulmonate

snail Lymnaea stagnalis Basal values and an effect of

ingested carbohydrate.

605-610.

Camp. Biochem. Physio1. A 39A,

Friend, C., Wroblewski, F., and La Due, F.S. 1955. Transaminase

activity of serum of mice with virus hepatitis.

Med. 102-699.

J. Exp ,

Gabbot, P.A., Cook, P.A., and Whittle, M.A. 1979. Seasonal changes

in glycogen synthetase activity in the mantle tissue of

Mytilus eduI t s , L., Regulation by tissue glucose. Bt ochem,

Soc. Trans. 7, 895-896.

Fisher. Bull. Fish. Wild. Serv. 64, 1-480.

*Galtsoff, P.S.

(Gmelin) •

1964. The American oyster Crassostrea virginica

George, S .G. 1983. Heavymetal detoxication in My tilus kidney - an

in vitro study of cd- and Zn- binding to isolated tertialry

lysosomes. Camp. Biochem. Physiol. 76(C), 59-65.

George, W.C., and Ferguson, J.H. 1950.

molluscs. J. Morpho1. 86, 315-327.

The blood of gastropod

Ceor ge , S.G., Pirie, B.J.S., Chejne, A.R., Coombs, T.L., and Grant,

P.T. 1978. Detoxication of metals by marine bivalves : an

ultrastructural study of the compartmentation of copper and

zinc in oyster Ostrea edulis. Mar. BioI. 45, 147-156.



196

Ghiretti, F. 1968. In "Physiology and Biochemistry of haemocyanin".

Academic Press, London.

Ghiretti, F., and Ghiretti-Magaldi, A. 1972. Respiratory proteins

in mo ILusks , In "Chemical Zoology" (M. Florkin, and B. T.

Scheer , , Edsv j , Vo1.7, pp. 201-217. Acaderr.ic Press,

New York, London.

Giese, A.C. 1966. Lipids in the economy of marine invertebrates.

Physiol. Rev. 46, 244-298.

Giese, A.C. 1969. A new approach to the biochemical composition

of the molluscan body.

175-229.

Oceanogr , Mar. BioI. Ann. Rev. 7,

Gilbert, L.1., and Chino, H. 1974. Transport of lipid in insects.

J. Lipid. Res. 15, 439-456.

Gilbertson, D.E., and Schmid, L.S. 1975. Free amino acids in the

hemolymph of five species of freshwater snails. Comp. Biochem.

Physiol. B 51B, 201-203.

Gilbertson, D.E., Etges, F.J., and Ogle, J.D. 1967. Free aminoacids

of Australorbis haerno l ymph Comparison of four geographic

strains and effect of infection by Schistosoma mansoni. J.

Parasitol. 53, 565-568.

*Gilles, R. 1974. Metabolisme des acides amines et control du volume

cellularie. Arch. Int. Physiol. Biochim. 82, 423-589.



Gilles, R. 1979.

197

Intracellular organic effectors. In "Mechanisms

Carbohydrate metabolism.

Vol.2, lK.M. Wilbur., and

Academic Press, New York.

of Osmoregulation in Animals". (R. Ct l.Les , , Ed, ) , pp.

111-154. Wiley, New York.

Goddard, C.L, and Martin, A.W. 1966.

In "Physiology of Mollusca",

E.M. Yonge., Eds.), pp. 275-308.

Coddard , C.L, Nichol., P.r., and Williams, J.F. 1964. The effect

of albumen gland homogenate on the blood sugar of Helix

aspersa. Comp. Biochem. Physiol. 11, 351-366.

Coudsmi t , E.M. 1972. Carbohydrates and carbohydrate metabolism in

mollusca. In "Chemical Zoology", Vol. 7 (M. Florkin., and

B.T. Scheer., lEds.), pp. 219-243, Academic Press, New York.

Goudsmit, E.M. 1973. The role of galactogen in pulmonate snails.

Malacol. Rev. 6, 58-59.

Goudsmit, E.M. 1975. Neurosecretory stimulation of galactogen

synthesis within the Helix pomatia gland during organ culture.

J. Exp. Zool. 191, 193-198.

Granath, W.O., and Yoshino, ToP. 1983. Lysosomal enzyme activities

in susceptible and refractory strains of Biomphalaria glabrata

during the course of infection with Schistosoma mansoni.

J. Parasitol. 69, 1018-1026.

Grasshoff, K., Johannsen, H. 1972. A new sensitive and direct method

for the automatic determination of ammonia in sea water.

J. Cons. Int. Explor. Mer. 34, 516-521.



198

Graves, S.L, and Dietz, T.H. 1980. Diurnal rhythms of sodium

transport in the freshwater mussel.

1626-1630.

Can. J. Zool. 58,

Greenaway, P. 1970. Sodium regulation in the freshwater mollusc

Limnaea stagnalis (L.) ~Gastropoda

BioI. 53, 147-163.

Pulmonata). J. Exp.

Greenaway, P. 1971. Calcium regulation in the freshwater mollusc,

Limnaea stagnalis (L.) (Gastroeoda Pul.monata}, 1. The

effect of internal and external calcium concentration. J.

Ex~. BioI. 54, 199-214.

Gress, F.M., and Cheng, T.C. 1973. Alterations in total serum

proteins and protein fractions in Biomphalaria glabrata

parasitized by Schistosoma mansoni. J. Invertebr. Pathol.

22, 382-390.

Guirard, B.M., and Snell, E.E. 1964. Vitamin B
6

function in

transamination and decarboxylation reactions. In "Comprehen

sive Biochemistry" ,M. Florkin, and E.H. Stotz., Eds , ) ,

15, 138-199, Elsevier Publishing Company, New York.

Gupta, P.K., Dhar, U., and Bawa, S.R. 1975. Effect of malathion

and radiation separately and jointly upon rat enzymes in

vivo. Environ. Physiol. Biochem. 5, 49-53.

Gutman, B. 1959. Serum alkaline phosphatase activity in disease

of skeletal and he ea tobiliary system. Am. J. Med. 27, 875.



Hammen, C.S. 1968.

199

Aminotransferase activities and aminoacid

excretion of bivalve molluscs and brachiopods. Comp. Biochem.

Physiol. 26, 697-705.

The main pathway in the oyster.

Hammen, C.S., and Wilbur, K.M.

marine invertebrates. 1.

1959. Carbondioxide fixation in

J. BioI. Chem. 234, 1268-1271.

Harper, H.A., Rodwell, V.M., and Mayes, P.A. 1979. In "Review of

Physiological Chemistry". Large Medical Publications,

Maruzan Asia (Pvt.) Ltd., 282.

Harris, K.R. 1975. The fine structure of encapsulation in

Biomphalaria glabrata. Ann. N.Y. Acad. Sci. 266, 446-464.

Harrison, F.L., and Berger, R. 1982. Effects of copper on the latency

of lysosomal hexosaminidase in the digestive cells of Mytilus

edulis. Mar. BioI. 68, 109-116.

Harrison, A.D., Williams, N.V., and Greig, G. 1970. Studies on the

effects of calcium bicarbonate concentration on the biology

of Biomphalaria pfeifferi (Krauss ) (Gastropoda; Pulmonata).

Hydrobiologia 36, 317-327.

Hart, C.G., and Fouts, J. R. 1965. Studies of possible mechanisms

by which chloridine stimulate hepatic microsomal drug

metabolism in the Rat. Biochem. Pharmacol. 14, 263-270.

Heeg, J. 1977. Oxygen consumption and the use of metabolic reserves

during starvation and aestivation in Bulinus (Physopsis)

africanus

549-560.

(Pulmonata Planorbide). Malacologia 16,



200

Hilmy, A.M., Shabana, M.B., and Said, M.M. 1981. The role of serum

transaminases (S-GOT and S-GPT) and alkaline phosphatases

in relation to inorganic phosphorus with respect to mercury

poisoning in Aphanius dispar Rupp (Teleostei) of the Red

sea. Comp. Biochem. Physiol. 68C, 69-74.

Holland, D.L. , Tantanasiriwong, R. , and Hannan t , P.J. 1975.

Biochemical composition and energy reserve in the larvae

and adults of the four British Periwinkles Littorina littorea,

1. littoralis, 1. saxatilis and L. neritoides. Mar. BioI.

(Berlin) 33, 235-239.

Horne, F.B. 1979. Comparative aspects of an aestivation metabolism

in the gastropod, 'Marisa cornuarietis.

Physiol. A 64A, 309-312.

Comp , Biochem.

Hovar d , A.G. and Nickless, G. 1977a. Heavy metal complexation in

polluted molluscs. 1. Limpets (Patella vulgata and Patella

intermedia). Chem. BioI. Interact., 16, 107-114.

Hovar d , A.G., and Nickless, G. 1977b. Heavy metal complexation in

polluted molluscs. 11. Oysters (Ostrea edulis and Crassostrea

gigas) Chem. BioI. Interact., 17, 257-263.

Hovard , A.G. and Nickless, C. 1978. Heavy metal complexation in

polluted mollusc 3. Periwinkles (Li t t or Lna littorea) cokles

(CardLum edule) and Scallops (Chlamys opercularis). Chem,

BioI. Interact., 23, 227-231.



201

Hubschmann, J.H. 1967. Effect of copper on the cray fish Q. rusticus.

11. Mode of toxic action. Crustacea, 12, 141-151.

Huffman, J.E.,

enzymes

and

of

Tripp, M.R.

soft shell

1982. Cell types and hydrolytic

clam (Mya arenaria) hemocyts. J.

Invertebr. Pathol. 40, 68-74.

*Hunter, R.D. 1972. Energy budgets and physiological variation in

natural popu1ations of the freshwater pulmonate, Lymnaea

palustris. Ph.D. Dissertation, Syracuse University, Syracuse,

New York.

Hunter, R.D. 1975. Growth, fecundity and bioenergetics in three

populations of Lymnaea palustris in Upst.ate New York.

Ecology, 56, 50-63.

Hunter, R.D., and Lull, W.W. 1977. Physiolo~ical and environmental

factors influencing the ca1cium-to-tissue ratio in populations

of three species of freshwater pulmonate snails. Oecologia

29, 205-218.

Lor dachesw , D., Dumitru, LP. and Niculescu, S. 1978. Activation

by copper ions of mytilidases - Acid proteolytic enzymes

obtained from Mytilus ga11oprovincialis. Comp , Biochem.

Physiol. 61{B), 119-122.

Ishak, M.M., Mohamed, A.M., and Sharaf, A.A. 1975. Carbohydrate

metabolism in uninfected and trematode infected snails

Biomphalaria alexandrina and Bulinus

Biochem. Physiol. 49, 291-299.

truncatus. Comp.



202

Ishak, M.M., Sharaf , A.A., Mohamed, A.M., and Mousa, A.H. 1970.

Studies on the mode of action of some molluscicides on the

snail Biomphalaria alexandrina 1. Effect of Baylusude,

sodium pentachlorophenate and copper sulphate on succinate,

glutamate and reduced TMPO (tetra methyl para phenylene

diamine) oxidation. Comp. Gen. Pharmacol., 1, 201-208.

Istin, M., and Girard, J.P. 1970. Dynamic state of calcium reserves

in freshwater clam mantle. Cal.cI f , Tissue Res. 5, 196-205.

Iwayama, Y.J. 1959. The colorimetric microdetermination of long

chain fatty acids. Biochem. J. , 88, 7-10.

Jackim, E. , Hamlin, J .M. , and Sonis, S. 1970. Effects of metal

poisoning on five liver enzymes in the Kill fish (Fundulus

heteroclitus). J. Fish. Res. Bd. Can. , 27, 383-390.

Jeong, K.H., and Heyneman, D. 1976. Leukocytes of Biomphalaria

glabrata Morphology and behavior of granulocytic cells

in vitro. J. Invertebr. Pathol. 28, 357-362.

.Ieong , K.H., Lie, K.J., and Heyneman, D. 1980. Leucocytosis in

Biomphalaria glabrata sensitized and resensitized to

Echinostoma lindoense. J. Invertebr. Pathol. 35, 9-13.

Jeong, K.H., Lie, K.J., and Heyneman, D. 1983. The ultrastructure

of the amoebocyte-producing organ in Biomphalaria glabrata.

Dev. Comp. Immunol. 7, 217-228.



203

Johnson, F.R., and Mc Minn, R.M.H. 1958. Association of alkaline

phosphatase with fibrogenesis. J. Anat. 92, 544.

Joosse, J., and Geraerts, W.P.M. 1983. Endocrinology. In "The

Mollusca" lA.S.M. Saleuddin, and K.M. Wilbur., Eds s }, Vol.4,

pp. 317-406. Academic Press, New York.

Jyothirmayi, G.N., and Rao, P.V. 1987. Diagnostic value of haemolymph

enzymes activity profile in infected snail Lymnaea luteola

lLamarck}. Ind. J. Exp. BioI., 25, 132-134.

Kapur, S.P., and Gupta, A. S. 1970. The role of amoebocytes in the

regeneration of shell in the land pulmonate, Euplecta indica

lPfieffer). BioI. Bull. 139, 502-509.

Khan, H.R., and Saleuddin, A.S.M. 1979. Osmotic regulation and

osmotically induced changes in the neurosecretory cells of

the pulmonate snail Hel i soma , Can. J. Zool. 57, 1256-1270.

*Khan~arot, B.S. 1982. Comparative toxicity of heavy metals and

interaction of metals on a freshwater pulmonate snail Lymnaea

acuminata (Lamarck ) , Acta. Hydr ochern, Hydrobiol., 10, 367.

Kinoti, G.K. 1971. Observation on the infection of bulinid snails

with Schistosoma mattheei. 11. The mechanism of resistance

of infection. Parasitology 62, 161-170.

Knox, W.E., and Greenguard, O. 1965. An introduction to enzyme

physiology. In "Advances in Enzyme Regulation" (Weber,

G., Ed.), Vol.3. Pergamon Press, New York, 247-248.



204

*Knauf, W., and Schulze, E.F. 1973. New findings on the toxicity

of endosulfan and its metabolites to aquatic organisms.

Med. ed. Fac. Landb. Wet. Gent. 38, 717-732.

Koening, H. 1963. Intravital staining of lysosomes by basic and

metallic ions. J. Histochem. Cytochem. 11, 120-121.

Krishna, G. V.R., and Simha, S.S. 1977. Effects of· parasitism on

the carbohydrate reserves of freshwater snail, Lymnaea

luteola. Comp. Physiol. Ecol. 2, 242-244.

Krogh, A. 1939. "Osmotic regulation in aquatic animals". Dover,

New York, Cambridge University Press.

Kroon, D.B. 1952. Phosphatases and the formation of protein

carbohydrate complex. Acta. Anat. IS, 317.

Krupanidhi, S., Reddy, V.V. and Naidu, B.P. 1978. Organic composition

of tissues of the snail Cryptozona ligulata (Ferussac} with

special reference to aestivation.

16, 611-612.

Indian. J. Exp. BioI.

*Kulkarni, A.B. 1973. A study on the carbohydrate metabolism in

the land slug, Laevicaulis a1 t e ,

Cienc. Nat. 42, 111-120.

Broteria, Ser. Trimest.

Ku1karni, B.G., and Kulkarni, R.G. 1987. Effect of mercury exposure

on enzymes in the clam Kate1ysia apima (Gmeten). Ind , J.

Mar. Sci., 16, 265-266.



205

Kumar, T.P., Ramamurthi, R., and Babu, K.S. 1981. Circadiae

fluctuations in total protein and carbohydrate content in

the slug Laevicaulis alte (Fer r uasac , 1821). BioI. Bull.

(Woods Hole, Mass). 160, 114-122.

Kumaragura, A.K., Selvi, D., and Venugopalan, V.K. 1980.

toxicity to an estuarine clam (Meretrix casta).

Environ. Contam. Toxicol., 24, 853-857.

Copper

Bull.

Kwan, C.Y. 1983. Characteristics of plasmalemma alkaline phosphaEase

of rat mesenteric artery. Blood vessels, 20, 109-121.

Lakshmanan , P.T. 1982. Investigations in the chemical constituents

and trace metal interactions in some bivalve molluscs of

the Cochin backwaters. Ph.D. Thesis. University of Cochin,

Coc hi n ,

Lane, C.E., and Scura, E.D. 1970. Effects of dieldrin on glutamic

oxaloacetic transaminase in Poecilia latipinna. J. Fish.

Bd. Can. 27, 1869-1871.

Lawrence, J.M., and Giese, A.C.

composition of the chiton,

1969. Changes in

Katharina tunicata,

the lipid

with the

reproductive and nutritional state.

353-360.

Physiol. Zool. 42,

Lee, F.O., and Cheng , T.C. 1972. Schistosoma mansoni infection in

Biomphalaria glabrata alterations in total protein and

hemoglobin concentrations in the host's hemolymph.

Parasit. 31, 203-216.

Exptl.



Lehninger, A.L. 1979.

pp. 629.

206

Biochemistry. Worth Publishers, New York.

Lie, K.J., Heyneman, D., and Yao, P. 1975. The origin of amoebocytes

in Biomphalaria glabrata. J. Parasitol. 63, 574-576.

Liebsch, M., Becker, W., and Gagelmann, G. 1978. An improvement

of blood sampling technique for Biomphalaria glabrata using

anaesthesia and long term relaxation and the role of this

method in studies of the regulation of haemolymph glucose.

Com. Biochem. Physiol. A 59A, 169-174.

*Lindquist, R.R. 1968.

Holland, New York.

In "Lysosomes" ~J.T. Dt ng l.e , , Ed v ) , North

Li ttle, C. 1965a. Osmotic and ionic regulation in the prosobranch

gastropod mollusc Viviparus viviparus. Linn. J. Exp. BioI.

48, 569-585.

Little, C. 1965b. The formation of urine by the prosobranch gastropod

nol Lusc Viviparus viviparus.

39-54.

Linn. J. Exp. BioI. 43,

Little, C. 1968. Aestivation and ionic regulation in two species

of Pomacea <. Gastropoda : Prosobranchia). J. Exp , Bto l , 48,

569-585.

Little, C. 1972. The evolution of kidney function in the Neritacea

~Gastropoda, Prosobranchia). J. Exp. BioI. 56, 249-261.



207

Livin~stone, D.R. 1982. Energy production in the muscle tissues

of different kinds of molluscs. "Exogenous and endogenous

influences on metabolic and neural control" (A.D.F. Addink

and N. Spronk., Eds.), Vol;l. Invited lectures, Proc. Congr.

Eur , Soc. Comp , Physiol. Bf.ochern , , 3rd, pp. 257-274.

Noordwijkerhout, The Netherlands, Pergamon Press, Oxford.

Livin~stone, D.R. 1985. Responses of the detoxication/toxication

enzyme systems of molluscs to organ i.c pollutants and

xenobiotics. Mar. Poll. Bull. 16, 158-164.

Livingstone, D.R., Zwaan, A.De. 1983. Carbohydrate Metabolism of

Gastropods. In "The Mollusca" Vol.1 l Wil bur, K. M. ,

Ed-in-Chief). Academic Press, New York. pp. 177-242.

Lowe, D.M., and Moore, M.N. 1979. The cytochemical distribution

of zinc lZnII) and Iron (FeIII) in the common mussel Mytilus

edulis, and their relationship with lysosomes. J. Mar. BioI.

Ass. U.K. 59, 851-858.

Lowe, D.M., Moore, M.N., and Clarke, K.R. 1981. Effects of oil on
•

di~estive cells in mussels quantitative alterations in

cellular and lysosomal structure.

213-226.

Aquat. Toxicol., 1,

Lowry, O.H., Rosenbrou~h, N.J., Farr, A.L., and Randall, R.J. 1951.

Protein measurement with Folin-phenol rea~ent. J. BioI.

Chem. 193, 265-275.



208

Lumber t , P., and Dehnel, P.A. 1974. Seasonal variations in bio-

chemical composition during the reproductive cycle of the

intertidal gastropod Thais lamellosa Gmelin l Gastropod,

Prosobranchia). Can. J. Zool. 52, 306-318.

Machin, J. 1975. Water relationships. In "Pulmonates". l V. Fret ter,

and J. Peake, Ed.>, Vol.1, pp. 105-163.

London, New York, San Francisco.

Academic Press,

Malek, EoA., and Cheng , T.C. 1974. Medical and Economic Malacology,

Academic Press, New York, 398 pp.

Malhotra, R.K., Kaul, R., and Malhotra, N. 1986. Transaminase

activity in normal and irradiated minced muscle autografts

on frog Gastronemius. Ind. J. Exp. BioI. 24, 414-415.

Manohar, L., and Rao , P.V. 1976. Physiological response to

parasitism. 1. Changes in carbohydrate reserves of the

molluscan host. Southeast Asian J. Tr op , Med. Public Health

7, 395-404.

Gluconeogenic precursor

Manohar, L., and

parasitism.

Rao,

Part

P.V.

n.

1977 . Phys t o Log i c aL response

levels

to

and

related enzyme activity profiles in the snail host. Ind.

J. Exp. BioI. 15, 264-267.

Manohar, L. , Rao, P. V. , and Swami, K.S. 1972. Variations in

aminotransferase activity and total free aminoacid level

in the body fluid of the snail Lymnaea luteola during

different larval trematode infections. J. Invertebr. Pathol.

19, 36-41.



209

Marques, M., and Pereira, S. 1970. Seasonal variations in blood

glucose and glycogen levels of some tissues of Strophocheilus

oblongus. Gen. Corn. Endocrinol. 29, 522-530.

Marshall, 1., McManus, D.P., and James, B.L. 1974. Glycolysis in

the digestive gland of healthy and parasitized Vittorina

saxatilis rudis ~Maton) and in the daughter sporocysts of

Microphallus similis ~Jay) ~Digenea Microphallidae). Comp.

Biochem. Physiol. 49, 291-299.

Martiland, M., and Robinson, R. 1926. Possible significance of

hexose phosphoric esters in ossification. VI. Phosphoric

esters in blood plasma. Biochem. J., 20, 847.

Mc Lachlan, A., and Lombard, H.W. 1980. Seasonal variations in

energy and biochemical components of an edible gastropod,

Turbo sarmaticus tTurbinidae). Aquaculture 19, 117-125.

Mc Manus, D.P., and James, B.L. 1975. Tricarboxylic acid cyclic

enzymes in the digestive gland of Littorina saxatilis rudis

(Maton) and in the daughter sporocysts of Microphallus similis

(Jay). Comp. Biochem. Physiol. 50(B), 491-495.

Meenakshi, V.R. 1956. Physiology of hibernation of the apple snail

Pila virens (Lamarck). Curr. Sci. ~India) 25, 321-322.

Meenakshi, V.R., and Scheer, B.T. 1968. Studies on the carbohydrates

of the slug Ariolimax columbianis with special reference

to their distribution in the reproductive system.

Biochem. Physiol. 26, 1091-1097.

Comp.



210

*Menzel, W. 1979. In "Pollution Ecology of Estuarine Invertebrates".

(C.W. Hart, .Jr , , and S.L.H. Fu l.Ler , , Eds , ) , Academic Press,

New York.

*Metz, E.N., and Sagone, A.L. 1972.

erythrocyte hexose monophosphate.

405.

Effect of copper on the

J. Lab. Clin. Med. 80,

Meuleman, E.A. 1980. Relation between suscep t i bili ty and size of

the host in Biomphalaria pfeifferi Schistosoma mansoni

and Lymnaea stagnalis - Trichobilharzia ocellata. Haliotis

10, 97.

Meuleman, E.A., Huyer, A.R., and Luub, T.W.J. 1982 • The effects

. of the age of the host and of the miracidial dose on the

development of Trichobilharzia ocellata in Lymnaea stagnalis.

Trop. Geogr. Med. 34, 298.

Mey er, R. , and Becker, W. 1980. Induced urea production in

Biomphalaria glabrata, a snail host of Schistosoma mansoni.

Comp. Biochem. Physiol. A 66A, 673-677.

Michelson, E.H. 1975. Cellular defence mechanisms and tissue

alterations in gastropod molluscs. In "Invertebrate

Immunity". ~K. Maramorosch, and R. Shope., Eds i ) , pp.

181-195. Academic Press, New·York.

Michelson, E.H., and Dubois, L. 1973. Increased alkaline phosphatase

in the tissues and hemolymph of the snail Biomphalaria

glabrata infected with Schistosoma mansoni. Comp , Bidchem.

Physiol. 44B, 763-767.



211

Michelson, E.H., and Dubois, L. 1975. Intraspecific variations in

the haemolymph of Biomphalaria glabrata, a snail host of

Schistosoma mansoni. Malcologia 15, 105-111.

Miller, E.R., Ill, and Feng, S.Y. 1987. Exfoliative cytology and

histopathology of Geukensia demissa exposed to copper at

high and low salinities. J. Shellfish Res., 7, 170.

Miller, N.R. , and Wolfe, H.F. 1968. The nature and localisation

of acid phosphatase during the early phase of urodele limb

generation. Devl. BioI. 17, 447-481.

Mohamed, A.M., and Ishak, M.M. 1981. Growth rate and changes in

tissue carbohydrates during schistosome infection of the

snail Biomphalaria alexandrina. Hydrobiologia. 76, 17-21.

Mohan, P.M., and Babu, K.S. 1976. Modification of enzyme activities

by body fluids, amino acids and divalent cations in the

nervous system of the aestivating snail Pila globosa

(Swainson). Ind. J. Exp, BioI. 14,232-235.

*Mohan, P.M., and Dass, P.M. 1969. The Veliger 12, 37.

Mohandas, A. 1971. Contributions to the cercarial fauna of Kera l a ,

Ph.D. thesis, University of Kerala.

Mohandas, A. 1985. An electron microscope study of endocytosis

mechanisms and subsequent events in Mercenaria mercenaria

granulocytes. In "Comparative Pathobiology". (T.C. Cheng ,

Ed.), Vol.8, pp. 143-161. Plenum Press, New York and London.



212

Mohandas, A., Cheng, T.C., and Chen~, J.B. 1985. Mechanism of

lysosomal enzyme release from Mercenaria mercenaria

granulocytes A scanning electron microscope study. J.

Invertebr. Pathol. 46, 189-197.

Montgomery, R. 1957. Determination of glycogen. Arch. Biochem.

Biophys. 67, 378-386.

Moore, M.N. 1976. Cytochemical demonstration of latency of lysosomal

hydrolases in digestive cells of the common mussels, Mytilus

edulis, and changes induced by thermal stress. Cell. Tiss.

Res. 175, 279-287.

Moore, M.N. 1985. Cellular responses to pollutants. Mar. Pollut.

Bull. 13, 42-43.

effects of stress and

Maore, M.N., and Lowe,

measurements. In

D.M.

"The

1985. Cytological and cytochemical

pollution on

marine animals" (B.L. Bayne , , Ed.J, pp. 46-74, Praeger

Scientific, New York.

Moore, M.N., Lowe, D.M., and Feith, P.E.M. 1978a. Lysosomal responses

to experimentally injected anthracene in the digestive cells

of Mytilus edulis. Mar. BioI. 48, 297-302.

Moore, M.N., Lowe, D.M., and Feith, P.E.M. 1978b. Responses to

lysosomes in the digestive cells of

edu1is to sex steroids and corso1.

1-9.

common mussel, Mytilus

Cell. Tiss. Res. 188,



213

Moore, M.N., Lowe, D.M., and Moore, S.L. 1979. Induction of lysosomal

destabilization in marine bi val ve molluscs exposed to air.

Mar. BioI. Lett. I, 47-57.

Moore, M.N., Widdows, J., Cleary, J.J., Pipe, R.K., Salkeld, P.N.,

Donkin, P., Farrar, S.V., Evans, S.V., and Thomson, P.E.

1984. Responses of the mussel Mytilus edulis to copper and

phenanthrene. Interactive effects. Mar. Env i ron , Res. 14,

167-183.

Moran, A., and Gonzalez, R. 1967. Exploration of the carbohydrate

metabolism in Concholepas concholepa. 11. Glyconeogenesis

and utilization of some glucidic metabolites and aminoacids.

Arch. BioI. Med. Exp. 4(107), 219.

*Muley, E.V. 1975. Seasonal variations in bio-chemical composition

of the freshwater prosobranch, Melania scabra, Riv. Idrobiol.

14, 199-208.

"Muller, G. 1956. Morphologie lebenslauf, und bildungsort der

Murphy, W.A., and Dietz, T.H. 1976. The effects of salt depletion

on blood and tissue ion concentrations in the freshwater

mussel, Ligumia subrostrata (Say). J. Comp. Physio1. 108,

233-242.



*Nagarathnamma, R. 1982.

214

Effect of organophosphate pesticide on

the physiology of freshwater fish, Cyprinus carpio.

Thesis, S.V. University, Tirupati, India.

Ph.D.

Nanaware, S.G., and Varute , A.T. 1976. Biochemical studies on the

reproducti ve or gans of a land pulmonate, Semperula maculata

lTompleton, 1858; Semper, 1885) during seasonal breeding-

aestivation cycle• 1. Biochemical seasonal variations in

proteins and lipids. Veliger. 19, 96-106.

Narain, A.S. 1973. The amoebocytes of lamellibranch molluscs with

special reference to the circulating amoeboc y t e s ,

Rev. 6, 1-12.

Malacol.

Natelson, S. 1972. Blood urea - with diacetyl monoxime procedure.

In "Techniques of clinical chemistry" (Char l es , C. Thomas,

Ed.), Spring field, Illinois. pp. 728-734.

Nichol, C.A., and Rosen, F. 1963. In "Advances in enzyme regulation".

(B. Weber, Ed.), Vol.I, Pergamon Press, New York.

Norseth, T. 1968. The intracellular distribution of mercury in rat

liver after a single injection of mercuir chloride. Biochem.

Pharmacol. 17, 581-593.

Novikoff, A.B. 1966. The cell. Academic Press, New York.

O'Dell, B.L. 1976. Biochemistry and physiology of copper in

vertebrates. In "Trace elements in human health and diseases

(A.S. Prasad, Ed , ) , Academic Press, New York. pp. 391-498.



*Onikieno, F.A. 1963.

215

inzymic changes from early stages of

intoxication with small doses of chlorogenic insecticides.

Gig. Primen. Toxicol. Pestits. Khn. Otrcylennii P Zabolivanii.

77, 137.

Ortho Diagnostic Systems. 1986. Technical bulletin., Ortho Diagnostic

Systems; A division of Ethnor limited, 30, Forj ett Street,

Bombay.

Oser, B.L. 1965. In "Hawk's physiological chemistry". 14th Ed.

Tata McGraw Publishing Co. Ltd., Bombay. pp. 1141.

Ottaviani, E. 1983. The blood cells of the freshwater snail Planorbis

corneus (Gastropoda Pulmonata}. Dev. Comp. Immunol. 7,

209-216.

~·Owen, G. 1972. Lysosomes, peroxisomes and bivalves.

Oxf. 60, 299-318.

Sci. Pr og ,

Pan, C. T. 1958. The general hist.o l ogy and topographic microanatomy

of Australorbis glabratus. Bull. Mus. Comp , ZooI , Har var d

Univ. 119, 237-299.

Pan, C. T. 1965. Studies on the host-parasite relationship between

Schistosoma mansoni and the snail Australorbis glabratus.

Amer. J. Trop. Med. Hugg. 14, 931-976.

Patel, B., and Patel, S. 1964. Studies on the haemoglobin of Anadara

species (Marine Lamethibranchs). J. Anim. Morphol. Physiol.

2, 143-161.



216

*Patrick, R., and Cairns, J. Jr. 1968. The relative sensitivity

of diatoms, snails and fish to twenty common constituents

of industrial wastes. The Progressive Fish Cul t ur t st ,

Pauley, G.B., and Heaton, L .H. 1969. Experimental wound repair in

the freshwater mussel, Anodonta oregonensis.

Pathol. 13, 241-249.

J. Invertebr.

Pauley, G.B., and Krassner, S.M. 1971. The effect of temperature

on the number of circulating hemocytes in the California

Sea hare, Aplysia californica.

308-309.

Calif. Fish Game. 57,

Payne, J.F., and Penrose, W.R. 1975. Quoted from "Effect of Mercury

exposure on enzymes in the clam Katelysia opima (Gmelin)

,B.G. Kulkarni, and R.G. Kulkarni) Ind , J. Mar. Sci. (1987).

16, 265-266.

Pickwell, G.V., and Steinert, S.A. 1984. Serum biochemical and

cellular responses to experimental cupric ion challenge in

. mussels. Mar. Environ. Res. 14, 245-265.

*Polster, M. 1973. On the problems of toxicity of heptachlor

residues. Scripta Medica. 46, 71-77.

Prasad, B.S.V., Damodaran, C., Reddy, B.R., and Rao, P.V. 1983.

Effect of xiphidiocercarial infection on the ionic comosition

of the snail host Lymnaea luteola.

Physiol. 1(1}, 5-8.

Indian J. Comp , Ani.m,



Reddy, B.R.,

different

Prasad, B.S.V.,

Effect of

217

Damodaran, C.,

larval trematode

and Rao,

infections

P.V.

on

1983.

enzyme

activities of body fluid of the banded pond snail. Viviparus

bengal.eris t s , Indian. J. Comp , An i.m, Physiol. 1( 2), 61-65.

Prosi, F. Heavy metals in aquatic organisms. In "Metal Pollution

in the Aquatic Environment". (U, Forstner and G.T.W.

Wittmann, Eds.), pp. 271-323. Springer-Verlag.

Prosser, L.C. 1973a. Water Osmetic balance hormonal regulation.

In "Comparative Animal Physiology" lL.C. Prosser, Ed , ) , 3rd,

pp. 1-78. Saunders, Philadelphia, Pennsylvania.

Prosser, L.C. 1973b. Inorganic ions.

Physiology" 'L.C. Prosser, Ed.),

Saunders, Philadelphia, Pennyslvania.

In

3rd

"Comparative

Ed. pp.

Animal

79-110.

Rao, S.N.V. 1989. Handbook freshwater molluscs of India. Zoological

Survey of India, Calcutta.

Rao, P.V., and Narayanan , R. 1976. Nitrogenous compounds of the

body fluids of usual and unusual gastropod hosts of larval

trematodes. Hydrobiologia 50, 205-207.

Rao, P.V., and Onnurappa , J. 1979. Qualitative analysis of sugars

and their effect on tissue respiration in selected usual

and unusual freshwater gastropod snail hosts of larval

trematodes. Indian J. Exp. BioI. 17, 294-297.



218

Rao, P.V., Chowdary, V.D., and Babu, G.R. 1979. Effect of

xiphidiocercarial infection on ethanol precipitable tissue

carbohydrate levels of the snail host Lymnaea luteola. Indian

J. Exp. BioI. 17, 1230-1232.

Read, K.R.H. 1962. Transamination in certain tissue homo~enates

of the bivalve molluscs Mytilus edulis L. and Modiolous

modiolus L. Comp. Biochem. Physiol. 7, 15-22.

in the Indian amphibious snail, Pila

Reddy, M.V., and Naidu, B.P.

metabolism of copper

1978. Role of hepatopancreas in the

globosa (Swainson) with special reference to estivation and

starvation. Curr. Sci. 47, 145-147.

Reddy, N.M., and Rao, P.V. 1983. A possi bl e mechanism of de t ox i r-

fication of copper in the freshwater mollusc, Lymnaea lateola.

Ind. J. Physiol. Pharmac. 27, 283-288.

Reddy, N.M., and Rao, P.V. 1987. Copper toxicity to the freshwater

snail, Lymnaea luteola. Bull. Environ. Contam. Toxicol.

39, 50-55.

Reddy, P.S., Bhagyalakshmi, A., and Ramamurthi, R. 1984. In vivo

subacute physiolo~ical stress induced by sumithion on the

hepatopancreatic acid phosphatase activity. Water Air. Soil.

Pollut. 22, 299-303.

Reddy, Y. S., and Swami, K,S. 1975. On the significance of enhanced

~lutamine synthetase and its regulation during aestivation

in Pila globosa. Curr. Sci. 44, 191-192.



219

Reddy, Y.S., Rao, R.V., and Swami, K.S. 1974. Probable significance

of urea and uric acid accumulation durin~ aestivation in

the gastropod, Pila globosa ~Swainson). Indian J. Ex~. BioI.

12, 454-456.

Reitman, S., and Fr anke l., S. 1957. Colorimetric method for the

determination of serum transaminase activity. Affier. J. Clin.

Patho1. 28. 56.

*Renwrantz, L., Glockner, W., Mitterer, K.E., and Uhlenbruck, G. 1976.

Eine quantitative Bes t i mmung der Hemolymph - Kohlenhydrate

von Helix pomatia. J. Com~. Physiol. 105, 185-188.

Renwrantz, L:, Schancke, W., Harm. H., Erl, H•• Liebsch. H., and

Gercken, J. 1981. Discriminative ability and function of

the immuno bio logical recognition system of the snail Helix

pomatia. J. Com~. Physiol. 141, 477.

*Renwrantz, L.R., Yoshino, T.P., Cheng, LC., and Auld. K.R. 1979.

Size determination of hemocy tes from the American oyster,,

Crassostrea viq,inica, and the descr i pt.i on of a phagocytosis

mechanism.

1-12.

Jahrb. Zoo1. Abt. Physiol. Zoollior~h. 83,

Ritchie, L.S. 1973. Chemical contro 1 of snai Is. In "Ep LdemtoLog y

and Control of Schistosomiasis" ~ N. Ansari. , Ed, ) , pp.

458-532. Kar~er, Basel, and University Park Press. Baltimore,

pp. 752.



220

Robertson, J.D. 1964. Osmotic and ionic regulation.

of Mollusca" ~K.M. Wilbur and e.M. Yonge ,

pp. 283-311. Academic Press, New York.

In "Physiology

Eds.), Vo1.1,

*Robinson, R. 1923. The possible significance of hexose phosphoric

esters in ossification. Biochem. J. 17, 286.

Robinson, A.M., and Ovenston, T.e.J. 1951. A simple flame photometer

for international standard operation and notes on some new

liquid spectrum filters. Analyst, 76, 416-424.

Rodrick, E., and eheng, T.e. 1974. Activities of selected haemolymph

enzymes in Biomphalaria glabrata lMollusca). J. Invertebr.

Pathol. 24, 374-375.

Roesijadi, G. 1980. Influence of copper on the clam Protothaca

staminea Effects on gills and occurrence of copper binding

proteins. BioI. Bull. 158, 233-247.

Rosenbaum, R.M., and Ditzion, B. 1963. Enzymic histochemistry of

granular components in digestive gland cells of the Roman

snail, Helix pomatia. Bi.o l , Bull. ,Woods Hole) 124,

211-224.

Ruddell, e .L. 1971. The fine structure of oyster agranul.ar

amoebocytes from regenerating mantle wounds in the Pacific

oyster,

260-268.

Crassostrea fii88S. J. Invertebr. Pathol. 18,



221

Ruddell, C.L., and Rains, D.W. 1975. The relationship between zinc,

copper and the basophils of two crassostreid oysters

Crassostrea gigas and Crassostrea viq;,inica. Comp , Biochem.

Physiol. 51A, 585-591.

Ruddell, C.L.,

effect

Dul ap , T., Okazaki, R.K., and Munn, R. 1978. The

of selected basic dyes on the blood cells, in

particular, the basophils of the Pacific oyster, Crassostrea

gigas. J. Invertebr. Pathol. 31, 313-323.

*Rudolph, P.H. 1974. Histochemical identification of galactogen

in the Succineidae. Malocol. Rev. 7, 52 (Abstr.)

Saxena, B.B. 1957. Inorganic ions in the blood of Pila globosa

(Swainson). Physiol. Zool. 30, 161-164.

*Scheer, B.T. 1967. Animal Physiology. New York - London - Sydney.

John Wi1ey, pp. 211-214.

Scheerboom, J.E.M. 1978. The influence of food quantity and food

quality on assimilation, body growth and egg production in

the pond snail Lymnaea stagnalis (L.) with particular

reference to the haen.ol ymph - glucose concentration. Proc ,

K. Ned , akad , Wet. Series C 81, 184-197.

Scheerboom, J.E.M., and Doderer, A. 1978.

raised haemoly mph glucose

The effects of artificially

concentrations on feeding,

locomotory activity, growth and egg production of the pond

snail Lymnaea stagnalis (L.). Pr oc , K. Akad, Wet. Series

C 81, 377-386.



222

*Scheerboom, J.E.M., and HelIlIIl'inga, M.A. 1978. Regulation of

haemolymph glucose concentration in the pond snail

,Lymnaea stagnalis). Gen. Comp. Endocrinol. 34, 112. (Abstr.)

Scheerboom, J.E.M., and van Elk, R. 1978. Field observations on

the seasonal variations in the natural diet and the haemolymph

- glucose concentration of the pond snail, Lymnaea stagnalis

,L.). Proc. K. Akad. Wet. Series C 81, 365-376.

Scheer boom; J.E.M., Hemnrmga , M.A., and Doderer, A. 1978. The

effects of a change of diet on consumption and assimilation

and on the haemolymph - glucose concentration of the pond

snail Lymnaea stagnalis ,L.) Pr oc , x. Akad. Wet. Series C,

81, 335-346.

Schoffeniels, E., and Gilles, R. 1972. Ionoregulation and osmo

regulation in mol l.usca , In "Chemical Zoology" ,M. Florkin

and B. T. Scheer, Eds.), Vol. 7, pp. 393-420. Academic Press,

New York.

Seiler, G.R., and Morse, M.P. 1988. Kidney and hernoc y t es of Mya

arenaria (Bivalvia) Normal and Pollution related

ultrastructural morphologies.

201-214.

J. Invertebr. Pathol.· 52,

Arg i n i ne depletion in rnammal s and snails infected with

Senft, A.W.

n.

1967. Studies on ariginine metabolism by Schistosomes.

S. mansoni or S. haematob i um,

299-306.

Comp , B'iochem, Phy siol. 21,



223

*Sharaf, A.A., Mohamed, A.M., El.ghar , M.R.A., and Mousa, A.H. 1975.

Control of snail hosts of bilharziasis in Egypt. 2. Effect

of triphenyltin hydroxide (Du-Ter) on carbohydrate metabolism

of the snails Biomphalaria alexandrina and Bulinus truncatus.

Egypt. J. Bilharziasis 2, 37-47.

Sheanon, M.J., and Trama, F.B. 1972. Influence of phenol and

temperature on the respiration of a freshwater snail.

Hydrobiologia 40, 321-328.

Sherlock, S. 1968. Diseases of the liver and bilary system. 4th

Edn., Blackwell, Oxford.

Shylaja, R., and Alexander, K.M. 1975.

of excretion in the freshwater

Studies on the phys i.oLogy

prosobranch Pi la virens.

II. Effect of osmot i.c stress on excretion. Indian J. Exp ,

BioI. 13, 366-368.

*Smikiss, K. 1964. BioI. Rev. 39, 487.

Simkiss, K., and Mason, A.Z. 1983. Metal ions : Metabolic and Toxic

Effects. In "The Mollusca". tP.W. Hochachka, Ed.), Academic

Press, New York, 101-164.

*Simon, S.W. 1953. Mechanism of dinitrophenol toxicity. BioI. Rev.

Carr,bridge Philos. Soc. 28, 453-479.

Simpson, J.W., Al.Len , K., and Awapara, J. 1959. Free amino acids

in some aquatic invertebrates.

Mass) 117, 371-381.

Bio1. Bull. tWoods Hole,



224

Skelding, J. M., and Newell, P. F•

cells in the connective

1975. On the functions of pore

tissue of terrestrial pulmonate

molluscs. Cell Tissue Res. 156, 381-390.

Sminia, T. 1972. Structure and function of blood and connective

tissue cells of the freshwater pulmonate Lymnaea stagnalis

studies by electron microscopy and enzyme histochemistry.

Z. Zellforsch. Mikrosk. Anat. 130, 497-526.

Sminia, T. 1974. Haematopoiesis in the freshwater snail Lymnaea

stagnalis studied by electron microscopy and autoradiography.

Cell. Tiss. Res. 150, 443-454.

Sminia, T. 1977. Haemocyanin - producing cells in gastropod molluscs.

In "Physiology of Hemocyanin" ; Proceedings in Life Sciences

: Structure and function of hemocyanin (J.V. Bannister, Ed.),

pp. 279-288. Springer-Verlag, Berlin, Heidelberg.

Sminia, T. 1980. Phagocytic cells in molluscs. In" Aspec ts of

Developmental and Comparative Immuno Logy-r l "; (J.B. Solomon,

Ed.), pp. 125-132, Pergamon Press, Oxford and New York.

Sminia, T. 1981. Gastropods. In "Invertebrate Blood Cells" ,N .A.

Ratcliffe and A.F. Rowley, Eds.), Vol.l, pp. 191-232.

Academic Press, New York.

Sminia, T., and Boer, H.H. 1973. Haemocyanin production in pore

cells of the freshwater snail Lymnaea stagnalis Z. Zellforsch.

145, 443-445.



225

Sminia, T., Boer, H.H., and Niemantsverdriet, A. 1972. Haemoglobin

producing cells in freshwater snails.

563-568.

Z. Zellforsch. 135,

Sminia, T., Bor ghar t-rke i nders , E., and van de Linde, A.W. 1974.

Encapsulation of foreign materials experimentally introduced

into the freshwater snail Lymnaea stagnalis. An electron

microscope and autoradiographic study.

153, 307-326.

Cell Tissue Res.

Smim a , T., De With, N.D., Bos, J.L., van Ni.euwmegen , M.E., Witler,

M.P., and Wondergem, J. 1977. Structure and function of

the calcium cells of the freshwater pulmonate snail Lymnaea

stagnalis. Net.h, J. Zool. 27, 195-208.

Sminia, T., Pietersma, K., and Scheerboom, J.E.M. 1973. Histological

and ultrastructural observations on wound healing in the

freshwater pulmonate Lymnaea stagnalis.

141, 561-573.

Cell Tissue Res.

Sminia, T., van der Knaap, W.P.W., and van Assett, L.A. 1983. Blood

cell types and blood cell formation in gast.rcpod molluscs.

Dev. Comp. Immunol. 7, 665-668.

Sollock, R.L., Vorn haben, T.G., and Campbell, J.W. 1979. Transaminase

reactions and glutamate dehydrogenase in gastropod

hepatopancreas. J. Comp. Physiol. B. 129, 497-526.



226

*Sorokina, Z.A., and Zelenskaya , V.S. 1967. Peculiarities of

electrolyte composition of molluscan hemolymph \Russian)

Zh. Evol. Biokhim. Fiziol. 3, 25-30.

Stanislawski, E., and Becker, W. 1979. Influences of semisynthetic

diets, starvation and infection with Schistosoma mansoni

(Trematoda)

(Gastropoda) •

on the metabolism of Biomphalaria glabrata

Comp. Biochem. Physiol. A 63A, 527-533.

Stanislawski, E., Becker, W., and Muller, G. 1979. Alterations of

the free amino acid content in the hemoIymph of Biomphalaria

filabrata (Pulmonata ) in starvation and after infection with

Schistosoma mansoni (Trematoda).

B 63B, 477-482.

Comp. Biochem. Physiol.

Stauber, L.A. 1950. The fate of India ink injected into the oyster

Ostrea virfiinica. BioI. Bull. 98, 227-241.

Stickle, W.B., and Duerr, F.G. 1970. The effects of starvation on

the respiration and major nutrient stores of Thais lamellosa.

Comp. Biochem. Physiol. 33, 689-695.

Streit, B. 1978. Changes in protein, lipid, and carbohydrate content

during starvation in the freshwater limpet Ancylus fluviatilis

(Basommatophora). J. Comp. Physiol. B 123, 149-154.

Stumpf, J .L., and Gilbertson, D.E. 1978. Hemocytes of Biomphalaria

glabrata Factors affecting variability. J. Iriver t ebr ,

Pathol. 32, 177-181.



227

Stumpf, J.L., and Gilbertson, D.E. 1980. Differential leukocytic

responses of Biomphalaria glabrata to infection with

Schistosoma mansoni. J. Invertebr. Pathol. 35, 217-218.

Sullivan, J.T., and Cheng , T.C. 1975.

Biomphalaria glabrata (Mollusca

Acad. Sci. 266, 437-444.

Heavy metal toxicity to

Pulmonata). Ann. New York.

Sullivan, J.T., and Chen!;, T.C. 1976. Comparative mortality studies

on Biomphalaria !;labrata lMollusca : PuLmonata ) exposed to

copper internally and externally. J. Invertebr. Pathol.

28, 255-257.

Sumner, A.T. 1969. The distribution of some hydrolytic enzymes in

the cells of the digestive gland of certain Lame Ll i.branchs

and !;astropods. J. Zool. London. 158, 277-291.

Sunda, W.G., and Guillard, R.R. 1976. The relationship between

cupric ion activity and the toxicity of copper to

phytoplankton. J. Mar. Res. 34, 511-529.

Suresh, K., and Mohandas, A. 1990a. Haemolymph acid phosphatase

activity pattern in copper-stressed bivalves. J. Invertebr.

Pathol. 55, 118-125.

Suresh, K., and Mohandas, A. 1990b. Effect of sublethal concentra

tions of copper on hemocyte number in bivalves. J. Invertebr.

Pathol. 55, 325-331.



228

Suryanarayanan, H., and Alexander, K.M. 1973. Biochemical studies

on red muscles of the gastropod Pila virens, with a note

on its histochemistry. Comp. Biochem. Physiol. A 44A,

1157-1162.

Swami, K.S., and Reddy, Y.S. 1978. Adaptive changes to survival

durin~ aestivation in the gastropod snail, Pila globosa.

J. Sci. Ind. Res. 37, 144-157.

-~Swindale, N.V. and Benjamin, P.R. 1976. The anatomy of neuro-

secretory neurones in the pond snail Lymnaea stagnalis (L.).

Phil. Trans. R. Soc. London Series B 274, 169-202.

Tar~ett, G.A.T. 1962. A study of the amino acids present in Lymnaea

stagnalis, Planorbarius corneus and Australorbis glabratus

before and after infection with Schistosoma mansoni. Ann.

Trop. Med. Parasitol. 56, 210-215.

Thompson , R.J. 1977. Blood chemistry, biochemical composition, and

the animal reproductive cycle in the gi.ant; scallop,

Placopecten magellanicus from southeast Newfoundland. J.

Fish. Res. Board. Can. 34, 2104-2116.

Tiedge, H., Nage l , R., and Urich, K. 1986. Effect of substituted

phenol s on transaminase activity in the fish, Leuciscus idus

melanotus L. Bull. Environ. Contam. Toxicol. 36, 176-180.

Trammel, P.R., and Camp be l l , 1976. Nitrogenous excretory products

of the giant South American land snail, Strophocheilus

oblongus. Comp. Biochem. Physiol. 32, 569-571.



Tripp, M.R. 1961.

introduced

The

into

229

fate

the

of foreign materials

snail Australorbis

experimentally

"labratus. J.'

Parasitol. 47, 745-751.

Tripp, M.R. 1970. Defence mechanisms of mollusks. J. Reticuloendo

thel Soc. 7, 173-182.

Vaidya, D.P. 1979. The pathological effects of trematodes on the

biochemical components of hepatopancreas and blood glucose

of freshwater snail Indoplanorbis exust.us , Riv. Parasitol.

40, 267-272.

Van Aardt, W.J. 1968. Quantitative aspects of the water balance

in Lymnaea stagnalis lL.). Neth. J. Zool. 18, 253-312.

Van der Broght, 0., and van Puymbroeck, S. 1966. Calcium metabolism

in a freshwater mollusc quantitative importance of water

and food as supply for calcium during growth. Nature, London.

210, 791-793.

Van der Knaap, W.P.W., Boerrigter-Barendsen, L.H., Van der Hoeve ,

D.S.P. and Sminia, T. 1981. Immunocytochemical demonstration

of a humoral defence factor in blood cells lamoebocytes)

of the pond snail Lymnaea stagnalis. Cell Tissue Res. 219,

291.

Vasu, B.S., and Giese, A.C. 1966. Variations in body fluid nitrogen

ous constituents of Cryptochiton stelleri lMollusca) in

relation to nutrition and reproduction. Comp. Biochem.

Physiol. 19, 737-744.



Veldhuijzen, J.P. 1975a.

230

Effects of different kinds of foods,

starvation, and restart of feeding on the haemolymph-glucose

of the pond snail Lymnaea stagnalis. Net h , J. Zool. 25,

88-101.

Veldhuijzen, J.P. 1975b. Glucose tolerance in the pond snail

Lymnaea stalsnalis as affected by temperature and starvation.

Neth. J. Zool. 25, 206-218.

Veldhuijzen, J.P., and van Beek, G. 1976. The influence of starvation

and of increased carbohydrate intake on the polysaccharide

content of various body parts of the pond snail Lymnaea

stagnalis. Neth. J. Zool. 26, 106-118.

Verity, M.A. 1973. Control of metabolic hydrolysis in the lysosome

vacuolar apparatus. In "Metabolic Conjugation and Metabolic

Hydrolysis". (W.H. Fishman, Ed.>, Vol.3, pp. 209-247.

Academic Press, New York and London.

Verma, S.R., Rani, S., and Dalela, R.C. 1980. Effects of phenol

and dinitrophenol on acid and alkaline phosphatases in tissues

of a fish (Notopterus notopterus>. Arch. Env i r on , Contarn,

Toxicol. 9, 451-459.

Viarengo , A. 1985. Biochemical effects of trace metals. Mar. Poll.

Bull. 16, 153-158.

Viarengo, A., Pertica, M., Mancinelli, G., Zanicchi, G., and

Orunesu, M. 1980. Rapid induction of copper-binding proteins

in the gills of metal exposed mussels. Comp. Biochem.

Physiol. 67C, 215-218.



231

Viarengo, A., Pertica, M., Mancinelli, G., Palmero, S., Zanicchi,

G., and Orunesu, M. 1981a. Synthesis of Cu-binding proteins

in different tissues of mussels exposed to the metal. Mar.

Pollut. Bull. 12, 347-350.

Viarengo, A., Pertica, M., Mancinelli, G., Zanicchi, G., Bouquegneau,

J.M., and Orunesu, M. 1984. Biochemical characterization

of Cu-t.h i one tns isolated from the tissues of mussels exposed

to the metal. Mol. Physiol. 5, 41-52.

Viarengo, A., Moore, M. N. , Pertica, M., Mancinelli, G., Zanicchi,

G., and Pipe, R.K., 1985. Detoxification of copper in the

cells of the digestive gland of mussel : the role of lysosomes

and theoneins. The Sci. Total. Environ. 44, 135-145.

Viarengo, A., Zanicchi, G., Moore, M.N., and Orunesu, M. 1981b.

Accumulation and detoxication of copper by the mussel Mytilus

8alloprovincialis L. : A study of the subcellular distribution

in the digestive gland cells. Aquat , Toxicol. 1, 147-157.

Von Brand, T., Mehlman, B., and Nolan, M.O. 1949. Influence of some

J. Parasitol. 35, 475-481.

potential molluscicides

Australorbis glabratus.

on the oxygen consumption of

Voogt, P.A. 1983. Lipids Their Distribution and Metabolism. In

"The Mollusca" Vol.1 ,K.M. Wilbur, Ed-d rr-Chtef , , 329-369.

Academic Press, New York.

*Wagge, L.E. 1951. The activity of amoebocytes and of alkaline

phosphatases during the regeneration of the shell in snail,

Helix aspersa. Quart. J. Microsc. Sci. 92, 307-321.



232

Wa5ge, L.E. 1955. Amoebocytes. Int. Rev. Cytol. 4, 31-78.

Wantanabe, M., Yamada, E., Hazana, F., and Nomura, A. 1981. Acid

phosphatase activity in the aorta of spontaneously hyper

tensive rats and the effect of various antihypertensive drugs.

Arthersclerosis, 40, 167-174.

"Webb, J.L. 1966. "Enzymes and Metabolic Inhibitors". Academic

Press, New York.

Webber, H.H. 1970. Changes in metabolic composition during the

reproductive cycle of the abalone Haliotis cracheroidii

lGastropoda : Prosobranchiata). Physiol. Zool. 43, 213-231.

Wilbur, K.M. 1972. Shell formation in mollusks. In "Chemical

Zoology" ,M. Florkin and B.T. Scheer, Eds'J, Vol.7, pp.

103-145. Academic Press, New York.

"Wolinsky, H., Goldf isher , S., Schiller, B., and Kasak, L. E. 1974.

Modification of the effects of hypertension on lysosomes

and connective tissue in the rat aorta. Circ. Res. 34,

233-241.

Wolmarans, C.T., and Yssel, E. 1988. Biomphalaria glabrata

Influence of selec ted abiotic factors on leukocytosis. J.

Invertebr. Pathol. 51, 10-14.

Yager, C.M., and Harry, H.W. 1964. The uptake of radioactive zinc,

cadmium and copper by the freshwater snail, Taphius glabratus.

Malacologia 1, 339-353.



233

Yap, H.M., Desaiah, D., Culkomp, K.K., and Koch, R.B. 1975. In vitro

inhibition of fish brain ATPase activity by cyclodiene

insec ticides and related compounds. Bull. Envi r on , Corrtam,

Toxicol. 14, 163-167.

Yoshino, T.P. 1976'. The ultrastructure of circulating hemolymph

cells of marine snail Cerithidea ca1ifornica (Gastropoda

: Prosobranchiata). J. Morphol. 150, 485-493.

Fine struc tura1 localizationYoshino, T.P., and Cheng, T.C.

of acid phosphatase

Mercenaria mercenaria.

215-220.

1976.

in granulocytes of the

Trans , Amer , Microsc.

pelecypod

Soc. 95,

Yashino , 1., Mozai, T., and Nak':IO, K. 1966. Biochemical changes

in the brain in rats poisoned with an alkyl mercury compound,

with special reference to the inhibition of protein synthesis

in brain cortex slices. J. Neurochem. 13, 1223-1230.

Young, J.O. 1975. Preliminary field and laboratory studies on the

survival and spawning of several species of gastropoda in

calcium-poor and calcium-rich water.

London 41, 429-437.

Proc. Ma1aco1. Soc.

Zelman, S., Wang, C.C. and APpelhanz, B.S. 1959. Transaminases in

serum and liver correlated with liver cell necrosis in needle

aspiration biopsies. Am. J. Med. Sci. 273. 323.

"not referred to the original


	Title
	Certificate
	Declaration
	Acknowledgements
	Contents
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	References



