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PREFACE

Aquaculture is, at present, undoubtedly one of the ideal solutions to the  

three basic problems posed before the developing civilization, nam ely

(1) augm entation of protein production in pace  with the increasing nutritional 

demands of an ever-expanding population,

(2) e ffec t ing  better utilisation of several na tura l resources, both, physico

chem ical and biological, to boost production economy,

(3) conservation of natural fishery resources.

Aquaculture in India is a traditionally established p rac tice  constantly 

being exposed to  new horizons of scientific, techn ica l and economic advancement. 

Prawns, beung highly amenable to culture, form the mainstay of aquaculture 

in the marine and brackishwater sectors. C ulture  o f  prawns derives great empha

sis from the immense demand for this commodity in international markets.

Among the commercially important m arine  prawns from the point of

view of both, capture and cu lture  fisheries, is the  Indian White Prawn, Penaeus 

indicus. C u ltu re  techniques for this prawn has been established in India and

commercial cu ltu re  of the sam e on a large sca le ,  in scientifically  run sem i- 

intensive and intensive culture system s,  is being  taken up widely in the coastal 

states of sou thern  India.

With the  growing need to boost our food production, it  is necessary to

develop s tra teg ie s  to promote aquaculture by improving upon existing practices,



propagation of culture prospects for new species and effecting proper management 

of important resources and viable culture systems.

The backwaters of K erala are highly productive ecosystem s supporting 

a rich brackishwater fishery and serving as nursery grounds for a variety of 

fish and shellfish. These backw aters  offer considerable potential for aquaculture. 

The traditional culture systems and the reknowned "Pokkali" fields of Kerala 

thrive along these  backwaters which also serve as the source of w ater for many 

semi-intensive culture systems. Ecological conditions in the  backwaters a re  

thus re flec ted  on its own resources and on th e  life  in culture systems supported 

by it. Juveniles of P. indicus inhabit these  backwaters during their growing 

phase. H azards arising from the  discharge o f  pollutants by industries, which 

often contain high concentrations of heavy m eta ls ,  are thus more than likely 

to have an im pact on the P. indicus seed resources along these  backwaters. 

Moreover, the  contamination of culture system s through use of polluted w a ter  

may either cause large-scale destruction of the  crop, or result in bioaccumulation 

of toxic m ate ria ls  in the animals, which when consumed, can cause even fa ta l  

poisoning in humans.

In the  face  of such looming dangers, i t  is necessary to assess the ex ten t  

of contamination in our waters and the e ffects  of the  contam inants on the biota, 

with particular reference to  the  commercially im portan t cultivable species. The 

present study was carried out to  assess the  deleterious e f fe c ts  of the heavy 

metal zinc, which is a constituent of several industrial effluents, on P. indicus. 

The main a sp ec ts  worked out in the  course of the  study were:



(1) Lethal toxicity of the m e ta l  to the animal.

(2) Sub-lethal manifestations as histopathological disorders, 

investigations to assess the  ex ten t  of histological variations induced by s t a r 

vation, which is a  stress commonly endured by th e  animals in both, culture systems 

and natural w a ters ,  were also carried  out.

I wish to  make use of th is  opportunity to  express my deep sense of 

g r a titu d e  to  Dr. Mary K\ Manisseri, Scientist-SG, CMFRI, under whose guidance 
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this study. I take  this chance to express my g ra t i tu d e  to Dr. C. Suseelan, Senior 

Scientist and O.I.C., PGPM, CMFRI, for the pa tience  and to le rance  shown by 

him in understanding and helping to overcome the  problems faced  during the  

period of study. I am very much obliged to Dr. N.N. Pillai, Principal Scientist 
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of the experim ental data. I wish to make known my deep sense of obligation 
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Station, Puthuvyppu, for having helped in procuring the experim en ta l animals
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I -  INTRODUCTION

The growing awareness of the  need for world-wide promotion of aquaculture 

development to  meet the demands of an expanding population and its  food require

ments lays g re a t  emphasis on the  need to in teg ra te  available resources and techno

logies with proper management of culture system s. Managerial measures tend 

to solve, d irec tly  or indirectly, major problems that, in any way, hinder the

functioning of the  culture system s a t  any point of time. One such problem which 

has become the  subject of public concern today is pollution.

Aquatic pollution is undoubtedly a m enace  in both, na tura l waters and

in enclosed culture systems. The world's aq ua tic  ecosystems are  among the 

most abused o f  all ecosystems, for the simple reason that man has been, over 

the ages, d irecting all ranges o f  effluents from his domestic, agricultural and

industrial ac tiv ities  into nearby w ater bodies under the assumption that these  

natural ecosystem s have an unending capacity to  assimilate wastes, without them 

selves being significantly degraded. Constant monitoring of various aquatic eco

systems has shown that a tremendous amount o f  material, highly potential as 

pollutants, a re  being released into these systems, from sources within and without 

the same, in different forms and levels. The use of such polluted waters for

aquaculture practices results in contamination o f th e  cultured products.

The m ost endangered a reas  are those near the  primary source of pollutant 

release, especially in the v ic inity  of industrial sites, estuaries  and mudflats, 

which tend to  trap, retain and accumulate pollutants in the ir  sediments, and 

are thus, particularly  vulnerable areas (Kinne, 1984). The e f fe c t s  of pollution
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in these a reas  are often drastic since they play an important role in the rec ru it

ment and supporting of life in adjacent sea  and land areas (Kinne, 1984). In 

India, where most of the aquaculture systems a re  located in the  inshore w aters  

and estuarine regions, pollution assumes a g re a te r  importance than that m eets  

the eye.

M etal ions, on account of their environm ental persistance and toxicity

a t low concentrations (Negilski, 1976), are considered to be serious pollutants

in aquatic ecosystems. They can also be incorporated into food chains and con

centrated by aquatic organisms to a level which affects their physiological s t a t e

(Bryan, 1971; Negilski, 1976). Kinne (1984) has ranked heavy m etals as potential

hazards, second only to pesticides, particularly in estuaries and coastal regions. 

Heavy m eta ls  like iron, copper, cobalt, zinc, chromium, manganese, molybdenum, 

nickel and vanadium, though essential to living organisms in t ra c e  amounts, a re  

toxic if p resen t in excess (Hungspreugs, 1985). While rivers provide the m ost 

important input of metals to  coastal areas under natural conditions, atmospheric 

input of m eta ls  into coastal w aters  is also of considerable significance (Bryan,

1984). However, metal input into coastal w aters  through anthropogenic activities, 

no doubt, remains the major cause for m eta l pollution in the  aquatic environ

ment. Nriagu (1979) listed the  chief anthropogenic activities releasing m eta ls  

into the surroundings as follows:-

(i) mining

(ii) prim ary and secondary non-ferrous m etal production

(iii) iron and steel production
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(iv) industrial applications

(v) combustion of coal, oil, wood and waste

(vi) phosphate fertilizer m anufacture

(vii) miscellaneous activities

All s tages  of metal production are po ten tia l  sources of m etal contamina

tion. Problem s posed by acidic mine drainage waters have been stressed by 

Forstner and Wittman (1979). Smelting processes have caused contamination 

in many co as ta l  areas. Owen (1977) reported the  possibilities of recovering m eta ls  

from deeper waters by dredging. Virtually, a ll industrial processes involving 

water a re  potential sources of m etal contam ination in estuaries and coastal areas, 

typical exam ples being manifold uses of copper, cadmium and zinc, particularly 

in plating and  galvanising (Association Europeene Oceanique, 1977). Electricity 

power s ta t ions  are a significant source of heavy metals. The burning of coal 

releases m eta ls  to the atmosphere (Bertaine and Goldberg, 1971) and the disposal 

of flyash is a  common occurrence. Sewage disposal is a significant source of 

metals to  the  sea (Bryan, 1984). Contamination from ships, most obvious in 

docks and harbours, is due to the use of copper and mercury in anti-fouling 

paints and o th e r  metals, including lead, chromium and zinc, in preservative paints  

(Bellinger and Benham, 1978; Young et a l . , 1979). Through all these inputs, 

the concentration of heavy m etals  in coasta l waters and estuaries  can easily  

be increased to  high levels which the aquatic organisms have not previously en

countered (Bryan, 1975).

. The importance of m etals  in the marine environment em erged from studies 

of radionuclides resulting from fall-out in the  oceans during the  1950's and the
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1960's (NAS, 1971a), when i t  became apparent th a t  certain nuclides were accu 

mulated in la rge  concentrations, as in the case  of cobalt-60 accumulated in the  

kidney of the  Giant clam, Tridacna (Lowman, 1960). Metal accumulation has 

also been found to occur from industrial e ff luen ts .  Waldichuck (1974) reported  

high concentrations of zinc and copper in oys te rs  dwelling in w aters receiving 

effluents containing these m eta ls . Metals o f ten  cause stress to  animals when 

they are p resen t in excessive concentrations (Waldichuck, 1974).

Aquaculture farms loca ted  in inland/inshore and coastal w aters  are highly 

susceptible to  contamination through domestic, agricultural and industrial wastes. 

Tsu-Chang e t  al. (1986) reported  large scale m orta li ty  of larval shrimps in trad i

tional cu lture  areas in the coas ta l  waters of Taiwan due to possible metal pollu

tion. A s tudy  of the levels o f  copper and zinc from prawn culture fields in

Cochin a rea  has shown tha t the  adjoining Cochin estuarine system  plays a ro le

as the source of pollutants to  the  culture system s (Subhash Chander, 1986; Joshi,

1970). In aquaculture, special care  is required in rearing of larvae and post

larvae which a re  easily prone to  metal e f fec ts .  Elderfield e t  al, (1971), in a

study of oys ter  culture involving rearing of the  la rvae  of Ostrea edulis, concluded 

that heavy m eta ls  contamination can cause poor larval perform ance. The e f fec ts  

of zinc on the  embryos of Crassostrea virginica was documented by Calabrese 

(1972) and Calabrese et aL (1973) while B rere ton  e t  ah (1973) reported re ta rd 

ation of development and growth in Crassostrea gigas subjected to  zinc contam i

nation.

From an ecological point of view, m e ta l  pollution p resen ts  the problems 

of accumulation and biomagnification of the  m eta ls  a t various trophic levels.
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In this respec t,  it is often the  more abundant m eta ls  like zinc and copper, which 

prove to be a  grea t hazard (Bryan, 1984). Excessive intake of m eta l  contaminated 

sea food may result in health  problems in man (Kinne, 1984). Bryan (1984) 

has stressed upon the significance of the problems caused by m etal pollution 

from the public health point of view.

Zinc, which enters the  aquatic  environment as a constituent of industrial 

effluents, though indispensable to  life, can becom e toxic a t high concentrations 

(Devineau and Amiard-Triquet, 1985). The (presence of .rhetals in industrial dis

charges and its  toxic effects on icthyofauna have been well documented (Mount, 

1968; Shaw and Brown, 1974; Solbe and Cooper, 1976; Pickering et al., 1977; 

Horning and Neiheisel, 1979).

Vallee (1959) and Ogino and Yang (1978; 1979) have commented on the 

necessity of zinc for enzyme activ ity , protein and carbohydrate metabolism and 

growth. However, the presence of an excess amount of zinc in the surround

ing waters have been found to  cause a re ta rda tion  of growth in fishes (Crandall 

and Goodnight, 1962, 1963; Bengston, 1974; Watson and McKeown, 1976; Pierson, 

1981). Crespo and Sala (1986) summarised th e  mechanisms by which an excess 

amount of zinc alters the physiology of animals by altering the ir  osmoregulatory 

mechanisms by,

(i) inhibition of enzyme ac tiv ity

(ii) a lte ring  ionic transport across ion-transporting epithelia

(iii) e ffec t ing  changes in e lec tro ly tic  plasma levels

(iv) causing proliferation of chloride cells

(v) causing an accelerated chloride cell tu rn -over
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These conclusions support the findings of Hewitt and Nicholas (1963), 

who s ta ted  tha t exposure of aquatic  organisms to low concentrations of heavy 

metals causes depressed or ac tiv a ted  enzyme activity. May and Brown (1973) 

demonstrated the activation and inhibition of the  enzyme Allantoinase (ex trac ted  

from the polychaete, Eudistylia vancouveri, by zinc. Bargmann and Brown (1974) 

showed th a t  zinc is capable of inhibiting th e  ac tiv ity  of alpha-glycerophosphate- 

dehydrogenase found in trou t muscle tissue.

While the analyses of zinc in animals from principal marine phyla have 

shown th a t  this element is nearly  always p resen t (Phillips, 1917; Bodansky, 1920; 

Severy, 1923), the concentrations have been found to vary from barely de tec tab le  

amounts, as in the blood of the  lobster, Palinurus, (Phillip, 1917), to values of 

several hundred ug/g of wet tissue, as in oysters.

One of the most im portan t biological properties  of m eta ls  is their tendency 

to be accum ulated and zinc is no exception to  this. Hiltner and Wichman (1919)
*

showed variability  in body zinc concentrations in oysters, and reported  tha t the  

highest concentrations occur in oysters exposed to  metal contam ination. Waldichuck 

(1974) repo rted  body zinc concentrations upto 17,000 ppm in oysters from z inc-  

contaminated waters. Greig <et aL (1975) reported  zinc concentrations of 

97-900 ug/g dry weight in the  oyster, C rassostera  g lom era ta , from unpolluted 

waters, while specimens from polluted w aters  contained zinc concentrations of 

upto about 9000 ug/g dry weight.

Accumulation patterns of zinc in c rus taceans  have been widely documented 

(Bryan, 1964, 1968, 1971, 1976, 1979; Prosi, 1979; Jennings and Rainbow, 1979;
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White and Rainbow, 1982; Rainbow, 1985; Weeks and Rainbow, 1991). Zinc being 

an essential t ra c e  element, it might be expected th a t  aquatic animals have deve

loped an ability to  regulate body concentrations o f  th e  metal upto cer ta in  opera

tional limits, beyond which regulation breaks down (White and Rainbow, 1982). 

There is increasing evidence to  suggest that th e re  has been the  evolution of 

an ability in crustaceans, particularly  decapod crustaceans, to  regulate the 

internal concentrations of essential but potentially toxic metals to  a constant 

body level, presumably atleast m eeting the m etabolic  demands (Rainbow, 1985). 

Bryan (1964, 1966, 1968, 1971, 1976), Bryan and Ward (1965) and Martin (1974) 

have provided evidence of possible regulation of body levels of zinc, copper 

and manganese in the crab, Carcinus maenas, and th e  lobster, Homarus vulgaris. 

White and Rainbow (1982, 19841) and Nugegoda and Rainbow (1987) have shown 

that the decapod, Palaemon elegans, regulates body levels of zinc over a wide 

range of dissolved concentrations before the regu la to ry  process breaks down 

under high m eta l  exposure and ne t accumulation begins.

Bodansky (1920) and Severy (1923) reported z inc  concentration in a majority 

of decapods to  be of the order of 20 ug/g wet tissue. Mechanisms for regulation
4

are developed when the animals acquire more than  the  required levels, the chief 

regulatory m ethods being temporary absorption and storage by hepatopancreas, 

loss across body surface, excretion through urine and excretion through faeces 

(Bryan, 1968). White and Rainbow (1982) rep o r ted  tha t P. elegans regulates 

total body concentrations upto 100 ug/L of the m e ta l .  According to  Bryan (1968), 

the animals living in clean waters, away from the  coas ta l  areas, show a tendency 

to absorb less pollutant than those living in pollu ted  estuaries, however slight
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the pollution may be. Though zinc absorption occurs  mainly from the stomach, 

Bryan (1968) reported  an increase in direct absorption across body surface when 

the animals a re  subjected to starvation. White and Rainbow (1984) reported 

that zinc is absorbed into the body a t a ra te  which increases with the concen

tration of dissolved zinc to which the animal is exposed, the zinc uptake over 

the regulated exposure range being matched by increasing zinc excretion, thereby 

maintaining a  constan t body concentration  of zinc. It is when the  bioavailability 

of zinc exceeds a  threshold and zinc excretion can  no longer m atch  zinc uptake, 

that regulation breaks down, giving way for n e t  accumulation (Rainbow, 1968). 

The uptake of zinc from the surrounding medium has been found to  be influenced 

by several environmental fac tors . White and Rainbow (1984) and Nugegoda 

and Rainbow (1988) discussed the  physico-chemical variables a ffec t ing  zinc uptake 

in prawns. One of the most im portan t factors a ffec t ing  heavy m e ta l  accumu

lation and tox ic i ty  in animals has been found to  be salinity (Phillips, 1980; 

McLusky et_ a l . , 1986). Jones (1975) showed th a t  zinc toxicity to  six species 

of marine and estuarine isopods increased with decreasing salinity  and Bryant 

et al. (1985) reported  the increasing toxicity of zinc to the amphipod, Corophium 

volutator, with decreasing salinity over a range of 35 to 5 ppt. Temperature 

(White and Rainbow, 1984;) and chelating agents (Nugegoda and Rainbow, 1988) 

have also been found to a ffec t zinc uptake in th e  prawn, P. elegans. Me Kenney 

and Nelt (1979) found that the  viability of the  larvae of Palaem onetes pugio 

in elevated zinc concentrations was reduced by both, the individual effects of 

salinity and tem pera tu re  and the  interactions be tw een  the two fac to rs  outside 

the optimal salin ity-tem perature  conditions. Nugegoda and Rainbow (1989) con

cluded that £inc uptake and regula tion  in decapods a re  affected by both, extrinsic 

physico-chemical parameters and intrinsic adap ta tions  of the species  concerned.
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The tox ic ity  of zinc to a wide range of m arine, estuarine and freshwater 

animals has been worked out extensively. In genera l ,  the effects  of toxic com

pounds on aq u a tic  animals a re  considered to be d irec t, indirect or induced. 

Toxicity may be either acute or chronic; a cu te  toxicity, which causes rapid 

death from short- te rm  exposure of animals to le th a l  doses of pollutants, occurs 

rarely, and, in most cases, only accidently, in the  natural environment. More

often, aquatic animals are subjected to long-term stress caused by exposure

to low but potentially harmful levels of pollu tan ts  -  such chronic exposures 

cause sub-lethal changes in the  animals, which may or may not account for 

death, eventually., "Sub-lethal changes can occur from a single encounter or from 

continuous exposure over a long period (Mathew, 1990). Luckey and Venugopal 

(1977) came to  the conclusion th a t  toxic m eta ls  often change the biological 

structures of system s into irreversible and inflex ib le  conformations, causing de

formity or even tua l death.

Most of the  information documented on the  toxic e ffec ts  of pollutants 

on aquatic anim als has been obtained from m o rta li ty  studies. In contrast, very 

little is often  known about dam age to different in ternal organs and alterations 

in physiological and biochemical process induced by chronic exposure of organisms 

to pollutants. Consequently, the re  often exists a  lacuna betw een knowledge

of lethal and sub-lethal effects of pollutants on aquatic  organisms and knowledge 

of the modes of action of these  toxicants and causes of death in the poisoned 

organisms. To predict the po ten tia l harmfulness of various toxicants  to them,

it is necessary to  overcome this lacuna and derive  a better understanding of 

these mechanisms. Various means o f investigating sub-lethal e f fec ts  of pollutants
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on aquatic an im als  under laboratory conditions, adopted by several workers over 

the years, include studies on growth, fecundity and brood survival, swimming 

activity and physiological, biochemical and histological alterations in animals 

subjected to  pollutant stress.

Pathology is now a p a r t  of environmental monitoring programmes on 

pollution e f fe c t s  (Yevich and Barszcz, 1976; Balouet and Poder, 1981; Couch,

1985). Based on an easily reproducible technique, histopathologic studies yield 

basic information on tissue disorders related to the  general state  of the  organisms 

and assess the  h o s t’s susceptibility to  infectious d iseases and parasitic  infestations. 

Some of these  parameters may serve as indicators of the e ffects  of xenobiotic 

contamination in marine animals (Sindermann, 1980). Histological, cytological 

and cytochemieal responses, observable from an im al tissue sections, form an 

important link between effects  a t  the biochemical level and those measured 

in the whole organisms (Lowe, 1988). Standard histopathoiogical approaches, 

which are useful in providing an overall p ic ture  of the degree of disturbance 

within the organ systems concerned (Moore, 1988) are thus, an integral part 

of studies on the  effects of ex te rna l stress on organisms.

The assessment of the e f fe c ts  of zinc tox ic ity  in fishes has been done

by, several workers. Saiki and Mori (1955), Cairns and Scheier (1957), Joyner

(1961), and Skidmore (1964) reported  the possible absorption of zinc from surround

ing waters through gills in fishes. According to  Skidmore (1970), tissue hypoxia

could be a probable cause of death  in fish exposed to zinc su lfa te .  Crandall
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and Goodnight (1963) and Kumar and Pant (1981) reported  pathological alterations 

in the liver and kidneys of fishes exposed to d if fe ren t  levels of le tha l  and sub- 

lethal concentrations of zinc. Histopathological a lte rations  in the  gills of fishes 

exposed to zinc have also been well documented (Carpenter, 1927; Jones, 1938; 

Lloyd, 1960; Bhatnagar, 1975; Kumar and Pant, 1981; Kodama et_ al., 1982). 

Benoit and Holcombe (1978), working on Fathead minnow life cycle exposure 

to various zinc concentrations, demonstrated th a t  egg adhesiveness and fragility 

were the most sensitive indicators of zinc toxicity. Radhakrishnaiah e t  al. (1991) 

observed decreases in soluble, s tru c tu ra l  and to ta l  protein contents and increase 

in free amino-acid levels and ac t iv i t ie s  of Proteases and Alanine/Aspartate amino

transferases in the osmoregulatory and non-osmoregulatory tissues in Cyprinus 

car pi o exposed to  zinc. Goel and Gupta (1985) rep o rted  a lterations in haemato- 

biochemical characteris tics  in z inc-trea ted  Heteropneustes fossilis. Sen e^ al. 

(1991) noted variations in cholesterol, protein and ascorbic acid levels in brain, 

liver and kidneys of fishes exposed to  zinc.

The tox ic ity  of zinc to  drustaceans has been studied by some workers 

(Thorp and Lake, 1974; Ahsanullah, 1976; Eisler and Hennekey, 1977; Ahsanullah 

and Arnott, 1978; Ghate and Mulherkar, 1979; Ram Murti and Shukla, 1984; 

Liao and Chieh-Shih, 1989; Patil and Kaliwal, 1989; Weeks and Rainbow, 1991; 

Chan, 1992; Timmersons et a l . , 1992). Ahsanullah et_ al. (1981a) demonstrated 

that the toxicity  of zinc to the  shrimp Caliianassa australiensis, increased with 

increases in exposure time and the shrimps were found to sec re te  substantial 

quantities of mucus. Liao and Chieh-Shih (1989) reported th a t  the  tolerance 

levels of various larval stages of the  prawn, Macrobrachium rosenbergii, to zinc
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reduced as development advanced, the  toxicity of the  prawn a t  d ifferent stages 

showing considerable difference. Chan (1992) rep o r ted  high ra tes  of zinc accu

mulation in the  haemolymph of crabs living in highly saline conditions.

Trends in the accumulation and regulation of zinc levels by decapod

c'rustaceans show the hepatopancreas and the gills to be the most important

sites facing the  impacts of contamination (Bryan, 1968). The hepatopancreas 

have been found to be highly sensitive to ex te rn a l  contamination. Hiltibran

(1971) and Brown et aL (1974) have reported th a t  heavy metal toxicity tends

to affect cellular respiratory metabolism of h epa tic  cells. Food is the main 

source of zinc in macrophagous animals and the hepatopancreas exhibit considerable 

structural and biochemical variations with increased zinc uptake (Cuadros 

e t al., 1981). Bryan (1968) reported  the tendency of decapod hepatopancreas 

to store excess zinc to facilitate regulation of body levels, the stored zinc serving 

as a reservoir for blood proteins which are not normally saturated. These find

ings are in agreem ent with the histopathological alterations observed in the 

liver of fishes trea ted  with zinc (Crandall and Goodnight, 1963; Kumar and Pant, 

1981) and o ther heavy metals which have been found to in itia te  hepatotoxic 

lesions of fa t ty  infiltration, nuclear or general hypertrophy of hepatocytes, cyto

plasmic vacuolation, cellular pleiomorphism bile /ceroid  pigment deposition, loss 

of hepatic glycogen, hydrophic degeneration, coagulative hepatocyte  necrosis 

sinusoidal and vascular congestion, loss of normal m urarial a rch itec tu re  degenera

tion or necrosis of billiary epithelium and perivascular or periporta l fibrosis. 

(Baker, 1969; Gardener and La Roche, 1973; Trump et aL, 1975; Establier 

et aL, 1978a,b,c; Gutierrez e t  al., 1978; Sastry and Gupta, 1978^. Similar
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variations due to  contamination in the structure of digestive tubules have been 

reported in mussels (Rasmussen, 1982; Calabrese e t  ah, 1984; Sunila, 1984),

clams (Tripp e t  al., 1984; Couch, 1984) and scallops (Yevich and Yevich, 1985).

Gills, which are the s ites  of respiration and transport involved in osmo

regulation, form the most perm eable region in the  body of an aquatic  animal 

(Quinn and Lane, 1966; Bielawski, 1971). Physiological, histological and ultra- 

structural studies have shown th a t  heavy metal ions interfere with respiration 

and osmoregulation by disrupting the  structure of the gill cells in fishes and 

crustaceans (Baker, 1969; Eisler and Gardner, 1973; Jones, 1975; Bubel, 1976;

Papthanassiou and King, 1983). Plonka and Neff (1969) suggested th a t  excessive 

mucus secre ted  by fish gills in response to tox ic  levels of heavy metals and 

low pH results in death by suffocation as a re su lt  of mucus coagulation and 

precipitation with the metal ions on the gill su rface .  Death in fish with gills

damaged by zinc sulfate toxicity or by other heavy metals has been reported

by Skidmore (1970) to be caused probably by tissue hypoxia which appeared to

be a major physiological change preceeding death, once the gas exchange process 

a t the gills is no longer suffic ien t to satisfy the oxygen requirem ents of the 

fish (Burton e t  a l . , 1972). Lloyd (1960) and Skidmore and Torell (1972) have

reported through histological investigations, the  separation of gill epithelium 

from the basement membrane in fishes subjected to  zinc poisoning.

Cuadros e t  al. (1981) reported  the high uptake of zinc through gills in

the hermit crab, Dardanus arrosar (Herbert), and a  wide degree of variations

were found t o  be initiated in the  gills by this  uptake. Nimmo e t  al_. (1977)



reported the consistent development of blackened foci or melanized lamellae 

in the gills of the pink shrimp, Penaeus duorarum, exposed to cadmium in sub

acute and a cu te  tests. Histological observations of these gills showed damaged 

gill processes, haemocyte infiltration, blackened lamellae, necrosis and sloughing 

off of individual lamellae and py'cnosis. They reported  similar changes in the 

shrimp, Palaem onetes vulgaris, also. Patil and Kaliwal' (1989) reported tha t 

the degree of damage to the  gill tissue in the prawn, Macrobrachium 

hendersodyanum increased with increasing zinc concentration and exposure time. 

They found gill lesions, necrosis, pycnotic nuclei, oedema and loss of cuticular

lining of lam ellae  even at low concentrations and also noted the  inhibition of

gas exchange by distension of gill epithelium.

Only very  little  work has been done on the  assessment of the effects 

of zinc on o th e r  organs and tissues of aquatic animals. Chan (1992) reported 

variations in haemolymph concentrations in z in c - trea ted  crabs. Cuadros et_ al. 

(1981) have no ted  concentrations of zinc in the  brain of the  hermit crab, 

Dardanus arrosar ,  to be similar to  those of the  gills and the hepatopancreas.

Changes in the  biochemical constituents and enzym e activities in zinc-treated 

fish have been reported by some authors (Radhakrishnaiah et_ a l . , 1991; Sen

et al., 1991).

Owing to  the dynamic nature  of their environment, aquatic  organisms 

are subjected to  a wide range of physical and chem ica l conditions through natural 

and anthropogenic influence, and a re  more or less, always under some form of
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stress. One o f the most im portan t stress inducing factors is the  scarcity  of 

food, under which condition, the  animal undergoes starvation. Starvation also 

occurs when the  animal undergoes periods of voluntary  fasting during moulting, 

as in crustaceans or when subjected to some o th e r  stress, extrinsic or intrinsic 

by nature. Starvation stress has been reported to  influence m e ta l  intake by 

animals exposed to metal-contaminated waters. An increase in the  d irec t absor

ption of zinc across the general body surface in decapod Crustaceans was noted 

when the animals were subjected to  starvation (Bryan, 1968),

Starvation studies gain an added importance in the light of the current 

advancements m ade in the aquaculture  industry. One of the m ost important 

factors to be considered in intensive aquaculture being good nu tri tion  ( Vogt 

e t ah , 1985), i t  is important to  have a knowledge of the e f fe c ts  of dietary 

stress and minimise it as far as possible. Storch (1984) reported th a t  hepatocytes 

of vertebrates and mid-gut gland cells of inverteb ra tes  reflect the  nutritional 

value of a d ie t even over shortly extended periods. Such variations have been

reported in many taxa (Brown e t  a l . , 1976; A lberti  and Storch, 1983; Storch 

and Anger, 1983; Senger and Moller, 1984). Although inadequate nutrition is 

one of the main limiting factors in aquaculture, very  little  is known about the 

influence of feed on the digestive t r a c t  cells of economically im portan t crusta

ceans and only very little work has been docum ented on the e f fe c ts  of star

vation and feeding on the mid-gut gland cells o f  decapod crustaceans (Pascual 

et aL, 1983; S torch et_ ah, 1984). The effect of d ifferent d iets  on the mid- 

gut gland cells have been reported in decapods (S torch and Anger, 1983), isopods 

(Storch, 1984)' and amphipods (Storch and Burkhardt, 1984). Vogt et_ aL (1985)
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reported the remobilisation of s to rage  materials like lipid droplets and decrease 

and enlargement of mitochondria in Penaeus monodon, starved for five days. 

An earlier report by Schafer (1968) stating that proteins are catabolized last 

of all under s tarvation  is substantiated by the findings of Vogt _et ah  (1985). 

Clifford and Brick (1983) found th a t  an extension of starvation period in the 

prawn, M. rosenbergii, from four to  eight days, led  to  a reduction in the role 

of carbohydrate substrates, accompanied by a two-fold increase in the  oxidation 

of lipid and pro tein  Rosemark et^ ah  (1980) noticed a general atrophy, especially 

of the absorptive and secretary cells in the hepatopancreas of s tarved  juveniles 

of the lobster, Homarus americanus, a f te r  just four days of starvation. Refeeding 

of starved post-larvae  of _P. monodon established a  food specific ultrastructure 

of the hepatopancreas in 24 to 48 hrs (Vogt et ah ,  1985). Storch e t  al. 1984b 

reported similar results  in the case of milkfish fry, whereas it takes about twenty 

days for a com plete  reconstruction of liver cell u l tras truc tu re  in milkfish finger- 

lings. The authors came to the conclusion that a f t e r  a certain period of star

vation a diet cannot be utilised any more, although the animals ingest feed 

and live on for a few days. Extended starvation with subsequent feeding resulted 

in phenomenal changes, suggesting cellular damage. Starvation of the  prawn, 

Metapenaeus dobsoni, produced extensive vacuolation in the hepatopancreatic 

cells, with autolysis setting in by the  third week of starvation, while refeeding 

for a week produced rapid and intense proliferation o f  the cells (Kumar, 1991).

The Indian White Prawn, Penaeus indieus H. Milne Edwards, one of the 

most commercially important marine prawns in India contributes to  a good 

share of the to ta l  prawn culture turn-over of the country. An a t te m p t  is made
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in the present study to throw light on the level o f  tolerance of this prawn to 

the heavy m eta l, zinc. A study has also been made to note the  effects of 

starvation on the  animal, which could be of help in the assessment of dietary 

stress, if any, in culture systems.





n  -  MATERIAL AND METHODS

2.1 TEST MEDIUM

Fresh sea  water collected off Cochin was transported to the  laboratory 

in polythene carboys and used as te s t  medium in all the experiments conducted 

in the course of the present study. The water was allowed to se t t le ,  filtered 

using standard grade phytoplankton net (No.24), diluted to 20±1 ppt salinity by 

adding the required quantity of filtered, dechlorinated tap w ater  and aerated 

to saturation before  use. The pH of the water ranged between 7.3 and 7.8 for 

various sets of experiments. All sets  of experim ents were conducted at room 

temperature (28+2°C).

2.2 TEST ANIMALS

Live juveniles of Penaeus indicus were co llec ted  from the culture ponds 

of the Fisheries Station of Kerala Agriculture University at Puthuvyppu and trans

ported to the laboratory in storage bins. They were acclimatised in 30 L plastic 

tubs containing 25 L of well-aerated sea water of 20±1 ppt salinity. The animals

were fed twice a day with raw clam meat. Faeca l matter and le f t  over feed

were siphoned out every morning. Water exchange was done at the  ra te  of 80%

every day. The acclimatisation period lasted for five days after which the animals

were transferred to  the experimental tubs.

2.3 TEST CONTAINERS

Circular plastic tubs of 30 L capacity were used as te s t  containers in 

all sets of experim ents conducted during the study.
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2.4 LETHAL TOXICITY TESTS

Toxicity te s ts  were carried out to assess the  acute lethal e f fec ts  of zinc

on juvenile P. indicus. The LC values were e s tim ated  from the acu te  toxicity 
--------------- 50

tests.

2.4.1 TOXICANT

Zinc sulphate (ZnSO^ .7H^ O, M.W. 287.55 ; Analytical grade) was used 

as the source of zinc for the experiments. A s tock  solution of 1 ppm zinc was 

prepared by dissolving the required amount of th e  salt  in double distilled water. 

Calculated am ounts from this s tock solution were added to different experimental 

tubs containing known volume o f  sea water to  g e t  the desired concentrations 

of zinc in te rm s of ppb metal ion in the medium.

2.4.2 BIOASSAY

Static Renewal Bioassay, w ith 100% w ater  exchange once every 24 hrs, 

was conducted following the guidelines given by APHA (1980) and FAO (1987). 

Test concentrations were decided a f t e r  performing range-finding tests . Ten animals 

(length 40-50 mm, measured from the tip of the rostrum  to the tip of the telson) 

were exposed to  25 L of test solution in each tub, all concentrations being run 

in triplicate. A control in t r ip lica te ,  with no toxicant, was also maintained. 

Only healthy animals were tran sfe rred  to the experim ental tubs using a hand 

net. Care was taken to offer only minimal s tress  to  the animals during transfer
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and daily w ater exchange. Uniform aeration was maintained in all the tubs 

throughout the experiment which was run for 96 hrs. The animals were not 

fed during this period.

Animal behaviour and m orta li ty  in each concentration were recorded every 

12 hrs. Dead specimens were removed immediately; the criterion for death was 

taken as the lack of movement even on gentle prodding.

2.4.3 DATA ANALYSIS

The 96 hr LC value was estimated from Probit Analysis of the experi- 
50

mental data as given in the softw are  MSTATC. The ET and toxicity  curve 

were obtained through graphical representation.

2.5 CHRONIC EXPOSURE STUDIES

In the chronic exposure studies, test animals (length 40-50 mm, measured 

from the tip of the rostrum to  the  tip of the telson) were subjected to two 

sub-lethal concentrations (100 ppb and 300 ppb) of zinc for specific periods, follow

ing which they were sacrificed and processed for histopathological study. Each 

concentration was run in duplicate, with each rep lica te  containing seven animals 

in 20 L of te s t  solution. A control in duplicate, with no toxicant, was also main

tained. The animals were fed with raw clam m eat every evening. Faecal matter 

and left over feed were siphoned out daily and 10 0 % water renewal was given
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every 24 hrs. Uniform aeration was maintained in all the tubs throughout the 

experiment.

Animals in the intermoult s tage  were se lec ted  and sacrificed a f te r  periods

of 10 and 20 days of exposure- to  the  test solutions. Their tissues were dissected

out and processed for histopathological observations.

2.5.1 HISTOPATHOLOGICAL STUDIES

The following tissues were selected to observe the histopathological mani

festations of sub-le thal doses of zinc in the test animals:

(a) Hepatopancreas

(b) Gills

The tissues were dissected out from the live animals using s terilized  instru

ments. All the  tissues were fixed immediately in Aqueous Bouin's Fixative (ABF) 

for 24 hrs. The gills were le f t  in decalcifying solution of 1.5% nitr ic  acid in 

70% alcohol for three  days a f te r  thorough washing in 70% te r t .  Butyl alcohol. 

They were then dehydrated by washing in 80%, 90%, 95% and 100% te r t .  Butyl

alcohol. The hepatopancreas, a f t e r  fixation, w ere  washed in running tapwater

and dehydrated through a graded series  of te rt .  Butyl alcohol (10%, 30%, 50%, 

70%, 80%, 90%, 95% and 100%). A fte r  dehydration, all the tissues were cleared 

in Chloroform and le f t  in a mixture of Paraffin was (M.P. 58-60°C) for 30 minutes. 

Impregnation and embedding was done in molten P a ra ff in  wax. The blocks prepared 

were cut on a ro ta ry  hand m icrotom e to obtain sec tions of 7 u thickness. These
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sections were spread on albumen coated micro-slides, deparaffinised in xylene, 

hydrated by passing through descending grades (100%, 9596, 90%, 70%, 50 96, 30%) 

of tert. Butyl alcohol, distilled w a ter  and tap w ater , stained in Harris ' Haemato- 

xylin, washed in tap  water and distilled water, dipped in acid-alcohol to remove 

excess stain, washed in tap w ater  and ammonia w ater  to remove acid, washed 

in tap water and distilled water, dehydrated through a graded ascending series 

(30%, 50%, 70%, 90%) of te r t .  Butyl alcohol, counter-stained in Eosin (Spirit 

soluble) and run through 9096, 95% and 100% te r t .  Butyl alcohol. The sections 

were finally c leared  in xylene and mounted in DPX. The slides were allowed 

to dry before subjecting them to  scrutiny under a light microscope. Photomicro

graphs depicting the  histopathological manifestations were taken and compared 

with photomicrographs taken of sections obtained from the control specimens.

2.6 STARVATION STUDIES

Histological changes induced by starvation stress  in juvenile P. indicus 

were studied by subjecting them to  starvation for 10 days.

2.6.1 EXPERIMENTAL PROCEDURE

The experim ental tubs containing 20 L of sea  water, were stocked with 

healthy animals a t  the rate of one animal per tub (as a measure to  avoid canni

balism). Each run was accompanied by a control in which the anim al was fed 

— ‘ ^bitum during the entire period of study. Uniform aeration was maintained 

in all the tubs. Faecal m atter and left over feed (in control) were siphoned
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out daily, with 80% water exchange, The animals were sacrificed a f te r  10 days, 

taking care to  se lec t only animals in the intermoult stage for this purpose. The 

hepatopancreas were dissected out from these animals and processed for histological 

study.

2.6.2 HISTOLOGICAL STUDIES

The hepatopancreas dissected out from the  te s t  animals were immediately 

fixed in Aqueous Bouin's Fixative (ABF) for 24 hrs and processed as per the 

procedure outlined under Section 2.5.1. The slides prepared were observed under 

a light microscope and photomicrographs were taken to present a  comparison 

between the histology of the hepatopancreas of s ta rved  and fed animals.





ffl -  RESULTS

3.1 LETHAL TOXICITY TESTS

Exposure of juvenile P . indicus to various concentrations of zinc 

for a period o f 96 hrs revealed a marked d ifference  in the response of the 

animals to low and comparatively higher concentrations. The animals exposed 

to 100 ppb of zinc remained more or less in a  "resting" state a t  the  bottom 

of the test containers. At the sam e time, anim als exposed to 500 ppb and 

higher doses of zinc showed an alm ost immediate response by exhibiting highly 

irritated and ra th e r  unbalanced swimming. While the  animals in 1350 and 

1800 ppb solutions remained "resting" a t the bottom  a f te r  an ir r i ta ted  activity 

during the f i r s t  12 hrs of exposure to the toxicant, the  animals in the  higher 

concentrations (2400, 3200 and 4200 ppb) exhibited an irritated ac tiv ity  for 

almost 36 hrs, before they resorted  to  "resting" a t  th e  bottom.

A regu lar feature noticed during the experim en t was the development 

of a distinct blackened appearance of the gills in the zinc-exposed animals 

(Fig. 5 ). The consistent developm ent of black gills was noticed in the case

of animals exposed to 1000 ppb and above, while in 500 ppb, the  occurrence

of black gills was less consistent. There was no blackening of the  gills in 

any of the an im als  exposed to 100 ppb of zinc during the 96 hr exposure.

Mortality was first recorded in 3200 and 4200 ppb test concentrations, 

in just 12 hrs of exposure. No mortality was recorded during the  96 hr
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assay in te s t  solutions containing 100 ppb and 500 ppb of zinc. Morpho

logically, all the  animals in 100 ppb zinc solution looked normal and showed 

an immediate and strong response to stimulus. A t the end of 96 hrs, '\Q% 

of the animals in 500 ppb te s t  solution had developed slightly blackened gills. 

The response o f  the animals in this concentration was also immediate. 30% 

mortality was recorded at the end of 96 hrs in 1000 ppb of zinc. Nearly 

77% of the animals, including the  ones that died, had developed black gills. 

Mortality recorded in 1350 and 1800 ppb test concentrations was 50% and 

57% respectively, with almost 90% of the animals showing black gills. All 

the animals showed lesser response to external stimulus. 97% of the  animals 

in 2400 ppb zinc solution exhibited deeply blackened gill lamellae a fte r  96 

hrs, with 70% mortality. The animals showed a tendency to remain dormant 

a t the bottom of the container and responded very slowly to external stimulus. 

All the animals in 3200 and 4200 ppb solutions of zinc had developed blackened 

gills, with the  blackening being very intense. At the end of 96 hrs, the 

mortality ra te s  in these concentrations were 80% and 90% respectively. The 

animals which remained in a "resting" state during the experiment did not 

respond well to external stimulus and exhibited only a lethargic movement 

along the bottom of the container.

An in teresting  feature no ticed  during the  assay was tha t all the dead 

animals in the  higher concentrations had developed blackened gill lamellae. 

The time taken  for the development of black gills varied even among animals 

exposed to the  same concentration of the tox ican t.  However the  intensity 

of blackening was greatest in 2400, 3200 and 4200 ppb of zinc while blackening



TABLE -  1 CUMULATIVE PERCENTAGE MORTALITY OF P . INDICUS EXPOSED 
TO VARIOUS ZINC (ZnSo4 ) CONCENTRATIONS.

Zn conc. 
(ppb) 24 36 : 48

TIME ( h r s .) 
60 72 84 96

0 0 0 0 0 0 0 0

100 0 0 0 0 0 0 0

500 0 0 0 0 0 0 0

1000 0 0 0 0 0 0 13.33

1350 0 3.33 16 .66 20 26.67 33.33 50

1800 0 6.66 20 30 36.67 36.67 56.67

2400 3.33 10 26 .67 40 50 56.67 70

3200 3.33 10 30 53.33 66.67 70 80

4200 6.66 13.33 36 .67 56.67 70 76.67 90



TABLE -  2 ESTIMATION OF LC50 BY PROBIT ANALYSIS

Slope (b ) -3 .3229

Intercept (a ) 15.7071

Variance o f Slops 0.2729

Chi-Square 6.5446

Probability 0.9810

DF 16

Log LC50 3.2222

Variance of log LC5Q 1.0655036e-°03

l c 50 1668.16
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Fig. 1 GRAPHICAL REPRESENTATION OF 96hLC5Q (PROBIT METHOD)
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Fig. 2 LC^ VALUES FOR f \  INDICUS EXPOSED TO VARIOUS ZINC 
(ZnS04) CONCENTRATIONS FOR DIFFERENT EXPOSURE TIME.



Fig. 3 ET50 VALUES FOR I \  INDICUS EXPOSED TO VARIOUS SINC
(ZnSO.)  CONCENTRATIONS.4



CONCENTRATION (ppb)

P ig . 4 TOXICITY CURVE



in 500 ppb t e s t  solution, in which there was no mortality, was depicted only 

by slightly brownish gills.

The cumulative percentage mortality of th e  animals in various test con

centrations is given in Table 1. The 96 hr LC was worked out to  be 1668.16
50

ppb by Probit method (Table 2 and Fig.1). The lines of best f i t  for mortality 

over different exposure times (60, 72, 84 and 96 hrs) a t various te s t  concentra

tions, with the  corresponding LC values are dep ic ted  in Fig.2. The ET values
50 50

for different te s t  concentrations and the toxicity curve obtained a re  represented

in Figs. 3 and 4 ,  respectively.

3.2 CHRONIC EXPOSURE STUDIES

3.2.1 HISTOPATHOLOGY OF HEPATOPANCREAS

Histopathoiogical alterations induced in th e  hepatopancreas of _P. indicus 

exposed to 100 and 300 ppb of zinc for 10 and 20 days were assessed. The 

decapod hepatopancreas, in general, has been described to be composed of four 

different cell types, namely, the  E-cells (Embryonalenzellen), the  F-cells 

(Fibrillenzellen), the B-cells (Blazenzellen) and the  R-cells (Restzellen). The 

E-cells, which a re  generally am ong the smallest o f the hepatopancreatic cell 

types, are unspecialized cuboidal cells concentra ted  in the d is ta l portion of 

the tubules, which is the area of proliferation. The F-cells, which appear striated 

because of an extensively developed rough endoplasmic reticulum, a re  secretory 

in function and are present in the  mediodistal, medioproximal and proximal 

portions of the  tubules. The B-cells, which a re  secretory and excretory in

26
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function a re  the  largest of the  hepatopancreatic cell types, seen mainly in 

the proximal a reas  of the tubules. The R-cells, the  most abundant of the four 

cell types, form about 75 96 of the total number of cells in a  single tubule 

and are seen in the mediodistal and proximal a re a s  of the tubules.

Exposure of the animals to zinc produced a lot of variations in the 

structural conform ity of hepatopancreas. There was a nominal increase in the 

number of vacuolated cells, especially the B-cells. Delamination of epithelial 

cells, pycnotic nuclei and tubular rupture were of common occurrence.

The hepatopancreas of prawns exposed to  100 ppb of zinc for 20 days 

exhibited delamination of epithelial cells in severa l tubules; clumps of cells 

were seen in the  lumen of the  tubules in many cases. Figs. 8 and 9 show 

clusters of embryonic and absorptive cells de tach ed  from the basal lamina, 

in the lumen. Delamination was also seen in the  hepatopancreas of animals 

exposed to 300 ppb of zinc for 10 days: a t _the  same time, 20 days exposure 

resulted in a widespread occurence of cellular rupture  and s tru c tu ra l  damage 

in the tubules (Fig. 10). The increase  in the number of vacuolated B-cells (Fig. 11) 

following zinc treatm ent was especially high in the  case of animals exposed 

to 300 ppb of the toxicant, with the size of the  vacuoles showing a slight 

tendency to  increase  with concentration of the m e ta l  and exposure time. Vacuolar 

contents were sparce and mostly absent in th e  zinc treated animals (Fig. 10). 

Excessive vacuolation often resu lted  in a reduction  in the luminal space and 

distortion of tubular shape (Fig. 10). There was a  slight increases in the number 

of F-cells in the  case of animals exposed to 300 ppb of zinc for 20 days. The



Fig. 5. Penaeus indicus a. control, b. exposed to 300 ppb of zinc for 3 days.
c. exposed to 300 ppb of zinc for 5 days* arrows indicate blackened 

' gills.



Fig. 6. L.S. of hepatopancreatic tubules o f P. indicus maintained as control. 

I00X

Fig. 7. T.S. of hepatopancreatic tubules of P. indicus maintained as control. 

1 100X.



Fig. 8.

Fig. 9.
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L.S. of hepatopancreatic tubules o f P. indicus exposed to 100 ppb 
of zinc for 20 days; arrow indicates clump of embryonic cells at 
distal end of the tubule. 400X

L.S. of hepatopancreatic tubules o f _P. indicus exposed to 100 ppb 

of zinc for 20 days; arrow indicates clump of epithelial cells in the 

midregion of the tubule. 200X



T.S. of hepatopancreatic tubules o f _P. indicus exposed to 300 ppb 
of zinc for 20 days; arrow indicates tubular rupture, increased vacuo- 
lation, delamination and pycnotic nuclei. 200X

o r

OR

L.S. of hepatopancreatic tubules o f P. indicus exposed to 300 ppb 
of zinc for 20 days; arrow indicates increased vacuolation. 200X
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hepatocytes o f a ll treated animals in general, showed considerably reduced cellular 

inclusions. Occurrence of pycnotic nuclei was a common feature observed in

the hepatocytes o f animals exposed to the toxicant (Fig. 10).

3.2.2 HISTOPATHOLOGY OF GILLS

The decapod gills are well-developed and enclosed in branchial chambers 

formed between the thoracic body wall and the inner surface of the carapace.

The central axis of each gill is attached to the cephalothoracic wall by a tubular

structure joining the ventral end o f the central axis. Primary filam ents branch

ing out from the central axis divide further into secondary filam ents which

are generally non-branching. Each secondary filam ent contains a basally located

afferent and efferent vessel separated by a -thin septum. These lamellae are

characterized by epithelial pillar cells between opposite cuticular walls, inters

persed with interconnecting lacunae, through which the haemolymph moves.

The distal tips of the filament often contain enlarged lacunae. The gill pro

cesses normally contain circulating haemocytes.

Gills o f P. indicus exposed to 300 ppb of zinc often developed blackened 

gills within 3 to 4 days of exposure (Figs. 5a and b), while no such incidence 

was noticed in any of the anim als exposed to 100 ppb of the m etal, even after 

20 days exposure. Histological examination of sections prepared from the gills 

revealed infiltration by haem ocytes (Fig. 18 ), following zinc treatment. The 

extent of haem ocyte infiltration increased with the increase of zinc concentra

tions and exposure time. Distension of secondary lamellae, as a result of



Fig.12. L.S. of gills of P. indicus maintained as control. 100X

Fig.13. L.S. o f gills of P. indicus maintained as control. 400X



Fig. 14.

Fig. 15.

L.S. of gills of P. indicus exposed to 100 ppb of zinc for 10 days; 
arrows indicate initiation of distension and distortion of secondary 
lam ellae. 200X

L.S. of gills of P. indicus exposed to 100 ppb of zinc for 10 days; 
arrows indicate em pty distal tips of secondary lam ellae. 200X



Fig'-16. L.S. of gills of P. indicus exposed to 300 ppb of zinc for 10 days 
showing sloughing o ff of primary and secondary gill processes. 200X

Mg.17. L.S. of gills of P. indicus exposed to 300 ppb of zinc for 10 days
1 showing haemocyte infiltration in the primary processes. 400X



Fig. 18.

Fig. 19.

L.S. of gills of _P. indicus exposed to 300 ppb of zinc for 10 days; 
arrow indicates haemocyte infiltration in the central axis. 200X

L.S. of gills of P. indicus exposed to  300 ppb of zinc for 20 days; 
arrows indicate highly distended and em pty and highly distorted second
ary lamellae. 200X



Fig.20. L.S. of gills of P. indicus exposed to 300 ppb of zinc for 20 days;
arrows indicate em pty tips and lesions in secondary lamellae. 200X

Fig.21. . L.S. of gills of P. indicus exposed to 300 ppb of zinc for 20 days
showing lesions, pycnotic nuclei, haem ocyte infiltration and distension 

i o f secondary lam ellae. 400X
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haemocyte accum ulation, was noticed  in gills of prawns exposed to  both, 100 

and 300 ppb o f  zinc (Figs. 14 and 21). The dista l tips of the lam ellar filaments, 

which often con ta in  enlarged lacunae, seemed to  be devoid of haemolymph 

and circulating haemocytes in animals exposed to  both the concentrations of 

the toxicant (Figs. 15 and 20). Sloughing of prim ary and secondary gill filaments 

was noticed in portions of the  gills, following t re a tm e n t  with 300 ppb of zinc 

(Fig. 16). Degeneration of prim ary  processes was accompanied by haemocyte 

accumulation, pycnotic nuclei and sloughing off of secondary lamellae (Fig. 17 ).

Secondary lam e lla r  degeneration was also of common occurence, especially in 

animals exposed to  300 ppb of zinc for 20 days. Necrotic black lesions (Figs. 20 

and 2 1 ) were seen  in portions o f  secondary lam ellae  and distorted and empty 

lamellae (Fig. 19) were also seen in many areas in the case of animals exposed 

to 300 ppb o f  the  metal. In m ost cases, the  en tire  gill filam ent was seldom 

affected; o f te n  normal and a f fe c te d  gill processes and lamella were found to 

occur in the sam e  areas.

3.3 STUDIES ON STARVATION

Subjecting juvenile P. indicus to starvation for 10 days resu lted  in con

siderable d eg en e ra t iv e  changes in the epithelial cells of the hepatopancreas. 

Morphologically, the  hepatopancreas of the s tarved  animals appeared considerably 

shrunken. Histological examination revealed au to ly tic  changes in many parts 

of the tissues. Most of the cells  were more or less obliterated and differentia

tion of the  ce ll  types was d iff icu lt  (Fig. 27). There was a m arked reduction 

in the vacuolar contents, with most of the vacuoles being em pty  (Fig. 23 )•



Fig.22. L.S. of hepatopancreatic tubules of P. indicus maintained as control; 
arrow indicates homogenous vacuolar contents. 200X

Fig.23. L.S. of hepatopancreatic tubules o f P. indicus starved for 10 days;
i arrows indicate loss o f homogeneity in vacuolar contents and empty

vacuoles. 200X



Fig.24.

Fig.25.

T.S. of hepatopancreatic tubules of _P. indicus maintained as control. 
100X

rI

T.S. of hepatopancreatic tubules o f JP. indicus starved for 10 days; 
arrows indicate tubular rupture, accumulation of residual contents 
in the lumen and pycnotic nuclei. 200X



Fig.26. T.S. of hepatopancreatic tubules of P. indicus starved for 10 
days showing shrunken basal lamina of disintegrated epithelial 
cells and pycnotic nuclei. 400X

Fig.27. T.S. of hepatopancreatic tubules of P. indicus starved for 10 
days showing autophagy and loss of cellular architecture. 400X



30

Vacuolar c o n ten ts ,  when present, lacked the homogeneity seen in the contents 

of vacuoles (F ig .22) in the hepatocytes  of anim als maintained under normal 

conditions. T h e re  was a general shrinkage of th e  tubular structures, with the 

shrinkage of th e  basal lamina being marked, especially in areas where autophagv 

had progressed to  some extent (Fig. 26). Unlike what was observed in control 

animals, res idual contents were commonly seen in the  lumen of many tubules 

of the starved animals (Fig. 25 )• In general, cellu lar contents were considerably 

less in the l a t t e r .  The occurence of pycnotic nuclei was also marked (Fig. 

25 ), especially in the highly degenera ted  areas of the  hepatopancreas of animals 

subjected to s tarvation .





IV -  DISCUSSION

4.1 LETHAL TOXICITY STUDIES

The cap a c i ty  of a toxicant to  e f fe c t  death  in an organism, with respect

to concentration and tim e, is best assessed by means of lethal toxicity tests

conducted under labora tory  conditions. The 96 hr LC values determined
50

by these studies  a re  normally used to express the le thal toxicity of the xeno- 

biotic to the organism  concerned and to  fix sublethal concentrations for subse

quent chronic toxicological investigations. Thus, le thal toxicity tests  often 

become an in teg ra l  part of laboratory  based sublethal chronic exposure studies.

The accum ula tion  of zinc in crustaceans has been shown to occur by 

absorption from food and the surrounding medium. The hepatopancreas, gills 

and the en tire  body surface have been reported  to play an active role in 

zinc accum ulation  in decapod crustaceans. The ability of these animals to

regulate zinc levels upto cer ta in  operational lim its  before regulation breaks 

down, is ind ica ted  by the studies conducted by White and Rainbow (1982, 

1984.) Rainbow (1985) and Nugegoda and Rainbow (1987), on the prawn, 

Palaemon elcgans. Similar inferences have been drawn from studies conducted 

on the lobster, Homarus vulgaris and the freshw ater crayfish (Bryan, 1964, 

1967). In view of these findings it is likely th a t  these animals are capable 

of tolerating com paratively  high levels of zinc.

The p resen t study reveals tha t  juvenile JP. indicus can to lera te  zinc 

concentrations to  some extent; the 96 hr LC 5Qwas f ° und to be as as
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1668.16 ppb. Sivadasan (1987), studying the  e ffec ts  of zinc on the prawn,

M etapenaeus dobsoni (30-50 mm size), reported  a 96 hr LC value of 0.76 
. 50

mg/l in w a te r  of 25 ppt salinity . Ahsanullah (1976) showed the 96 hr LC of
50

zinc to  be 9.5 mg/l for Palaemon sp. and 11.0 mg/l for Paragrapsus

quadriden ta tus. Thorp and Lake (1974) reported  a 96 hr LC value of 1.21
50

mg/l of z inc  for the crus tacean  Para tya  tasmaniensis.

The legal limit for zinc in fish and fishery products (India) and the

maximum perm issible  level of zinc in water (India), as fixed by Marine Products

Export D evelopm ent Authority (MPEDA), a re  50 ppm and 0.25 ppm respectively.

Studies by Sankaranarayanan and Stephen (1978) revealed tha t zinc occurs

in the range  of 2.3 to 113.2 mg/l in the Cochin backwaters. Subhash Chander 

(1986), Joshi (1990) and Ouseph (1992) obtained zinc concentrations ranging 

from 5 to  50 ppb in the perennial fields and canal systems along Cochin back

waters, w ith  the  values rising during the monsoons (Ouseph, 1992). The authors 

have re p o r te d  the increased concentrations to be caused by the influx of

z in c -co n tam in a ted  fresh w ater  from nearby industrial areas. Taking into account

these r e la t iv e ly  low zinc levels and the higher legal limits for the metal 

in Indian w a te rs  and fish and fishery products and considering the high values

of LC ob ta ined  in the present study, it is easy to conclude that _P. indicus
50

in these w a te rs  does not, a t  present, face any th rea t  due to zinc.

However, one of the im portant aspects which lethal toxicity tests often 

overlook, is the  fact tha t  though animals succumb to toxic substances a f te r
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exposure to  specific  concen tra tions  for spec if ic  periods of time, the actual 

damage to  th e ir  physiology is in itia ted  a t a much earlier stage, by even meagre 

co n cen tra tions  of the substance. In o rder to  evaluate the actual potency 

of a s u b s tan ce  in causing deleterious e f fe c ts  in an organism, it is necessary 

to conduct sublethal chronic exposure s tudies and dem arcate  the stage when 

the an im al is f irst a f fec ted  by the pollu tant s tress, from the stage in which 

the anim al succum bs to the  fa ta l  e f fe c t  of the  toxicant.

One of the objectives of le thal tox ic ity  tests  is to enable prediction

of the co n ce n tra t io n  of a pollutant, as accu ra te ly  as possible, tha t will not

harm the  ecosys tem  and the  biota under study. The use of application factors

(AF) applied  to  acu te  toxicity  te s ts  in w ater quality  c riteria  has been recognized

as a te m p o ra ry  solution to the problem of pollution by toxicants (NAS/NAE,

1973). T hese  fac to rs  vary from 0.9 to 0.0001. 'Safe concentrations,' which

presum ably have no sublethal chronic e f fe c ts  are derived as a product of

the LC and the  application fac tor . EPA (1979) recommends safe concent ra -  
50

tions de r ived  by applying an AF of 0.01 to th e  96 hr LC value of the toxicant.
50

4.2 C H RO N IC  EXPOSURE STUDIES

The assessm ent of sub-le thal toxic e ffec ts  of hazardous substances 

on organ ism s has been m ostly  cen tered  around investigations into changes 

in the physiological functions of the animals. Numerous cytological, histo- 

chcmical and histological approaches have also been employed to de tec t
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pathological d is turbances in aq ua tic  animals. It is a known fac t tha t  particular 

organ system s, ra th e r  than the  whole organism, a re  easily a ffec ted  by external 

pollutants. However, toxicological investigations regarding physiological mal

functioning and morphological aberrations  seldom throw light on such aspects. 

Standard his topathologieal approaches a re  more useful in providing an overall 

picture of th e  degree of d is turbance  within the  organ systems concerned (Moore, 

1988). T here  is no doubt as to  the fac t th a t  the structural damage caused 

to the tissues, which can be d e tec te d  through standard histological studies 

also get r e f le c te d  on the physiology of the animal also (Mathew, 1990), and 

histological responses to environm ental conditions, as observed from animal 

tissue sec tions , form an im portan t link between e ffec ts  at the cytochemical 

level and those  measured in the  whole organism (Moore, 1988).

4.2.1 HISTOPATHOLOGY OF HEPATOPANCREAS

The hepatopancreas  is one of the  most dynamic organs which is highly 

sensitive to  heavy metals and o ther xenobiotics. In decapod crustaceans, 

digestive gland functions as the  main s ite  for digestion and absorption of nutri

ents, s to rag e  o f reserve food and excretion  (Al-Mohanna and Nott, 1989). 

The cytology of the decapod hepatopancreas has been studied extensively by 

light and e le c t ro n  microscopy (Gibson and Barker, 1979). In general, 4 types 

of cells, nam ely , E-, R-, F- and B- cells, have been recognised in most deca

pods, based on the classification put forth by Hirsch and Jacobs (1928). Later 

reports by Hopkin and N ott (1979, 1980) have revealed further cytological
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characters con firm ing  the ea r l ie r  observations th a t  the tubule epithelium con

tains 4 cell types  (Mohanna e t  ah ,  1985). The individual tubules, which are 

well-defined in decapods, a re  loosely held toge the r  by basophilic connective

tissue s trands (Barker and Gibson, 1978). Hirsch and Jacobs (1928, 1930)

fiisi described  the  process by which new cells  a re  formed a t  the apex of

each d iver ticu lum , with d iffe ren tia tion  progressing down the tubule, towards 

the proximal end.

C ru s tacean s  in general and decapod crustaceans in particular, have 

been shown to  possess the ability  to regulate in ternal concentrations of essen

tial but p o ten tia l ly  toxic m eta ls  to presumably safe constant body levels. 

Bryan (1968), discussing the concentra tions  of zinc and copper in the tissues 

of decapod c ru s tacean s ,  cam e to  the conclusion tha t the chief regulatory 

methods em ployed by these anim als include tem porary  absorption and storage 

by h ep a topancreas , loss across body surface and excretion through urine and 

faeces. S tudies on zinc regulation in the lobster, Homarus vulgaris (Bryan, 

1964) revealed  the  possibility of involvement of the hepatopancreas in zinc

regulation, th e re  being a nominal increase in hepatopancreatic  zinc concen

trations in z inc-exposed  animals as compared to normal ones. I he author 

came to the  conclusion tha t, a t  its simplest, the role of the hepatopancreas 

appears to be th a t  of a sponge which mops up excess zinc from the blood 

and, with the  ex cre to ry  organs, helps to keep the  blood zinc level fairly normal. 

In the absence  o f feeding, it was understood th a t  the uptake was effected 

by absorption over the body surface .
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Dali and M oriarty (1983) have reported  the role of the crustacean 

midgut gland in the  inactivation  of a number of potentially toxic metals. 

Al-Mohanna and N ott (1989), in a study on the functional cytology of the 

hepatopanci t a s  of the penaeid prawn, Penaeus semisulcatus, which can contain 

high levels of zinc (Al-Mohanna and Nott, 1985), showed, through X-ray micro

analyses of dense  absorbed m a te r ia ls ,  tha t  the  B-cell residues in the  proximal 

region of th e  tubules contain the  maximum amount of zinc in association

with sulphur, calcium  and potassium . This probably indicates the ability of 

the B-cell in re ta in ing  zinc for discharge in to  the  lumen. The potentially 

toxic zinc is rendered  inactive through binding as the phosphate in separate 

in the cellu lar granules. In the present study, the nominal increase in cellular 

vacuolation and the number of B-cells, in the  hepatopancreas of _P. indicus 

exposed to zinc may be an indication of g re a te r  zinc re tention as a means 

of de tox if ica tion . Along with number, the s ize  of the vacuoles too showed 

a slight increase  a t higher concen tra tions  and longer exposure tim e.

Bryan (1968) has shown th a t  decapod hepatopancreas a re  capable of 

reabsorbing zinc from the blood and can s to re  an excess of zinc. Al-Mohanna

and Nott (1989) have reported  the presence of zinc in R-cell inclusions in

P. sem isu lca tus. They also found th a t  zinc is present in abundant, small,

spherical lysosomal s truc tu res  present in the  R-cell. Lysosomal responses 

to environm enta l s tress  factors , including many pollutants, have been described 

by Hawkins (1980) to m anifest as changes, e i th e r  infusion/events or in membrane 

permeability o f  lysosomal com plem ents. Cytoplasmic vacuolation has been 

reported to  occur in the hepatic  cells of fishes exposed to zinc (Kumar and
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Pant, 1J81, Kothuri and Sunee ta , 1990). Increased vaeuolation results, as 

is evident in the  present s tudy in obliteration of the tubular lumen. Delami

nation or th e  hepa tocy tes  from the  basement membrane of the  tubular epithe

lium, is ye t ano ther  phenomenon noticed in zinc-abused animals. Such de

lamination was found to cause "clumps" of cells  in the lumen of the tubules, 

especially in an im als  exposed the  lower concentra tion  of zinc. Dislodgement 

ol B-cells in to  the  tubular lumen has been reported  to occur normally in 

decapods. However, clumping of the other cell types as noticed in the present 

study, has been  acknowledged as a sensitive histopathological reaction  of stress 

from xenobiotics in general. Similar instances of clumps in the  tubular lumen 

have been re p o r te d  in the prawn, Metapenaeus dobsoni, exposed to  the heavy 

metals, copper and m ercury (Manisseri, 1993). Another fea tu re  observed in 

the present s tudy  was the increase  in F-eells in animals exposed to  the higher 

concentration o f  zinc. This could possibly be an indication of e ither increased 

secretory  a c t iv i ty  and protein production, or the  ability of the pollutant to 

induce va riab il i ty  in cell proportion in the hepatopancreas. Reduction in the 

cellular inclusions was of common occurrence even in animals exposed to 

the lower dose of zinc and could be indicative of excessive energy utilisation 

as a result of heavy metal s tress .  There was a marked occurrence of pyenotic 

nuclei in an im als  exposed to  both high and low concentrations of zinc. Occurr

ence of pycnosis has been reported  to  be a  common phenomenon in aquatic 

organisms sub jec ted  to heavy m eta l stress. N uclear hypertrophy of hepatocytes 

has been rep o rted  in fishes exposed to heavy metals. Dinesan (1988) has 

reported pycnosis in the tissues of the milkiish, Chano» chanos exposed to 

sublethal doses of zinc.
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An overa ll  atrophy in tubular s truc tu res  was noted especially in the 

case of an im als  exposed to higher concentrations of zinc, Moore (1985) has 

identified th e  appearance of severe  degenerative  changes in the epithelia of

the digestive gland of bivalves as an indication of autolytic processes resulting 

from lysosomal destabilization. Crespo and Sala (1986) reported  that two 

organelles o f  chloride cells th a t  were mainly altered, following short-term

exposure o f th e  dogfish, Scyliorhinus canicula, to  lethal does of zinc, were 

lysosomes and mitochondria. Hiltibran (1971) and Brown e t  aL (1974) have

stressed on the  e ffec ts  of toxic m etals on the  cellular respiratory metabolism 

of hepatic cells . Similar e f fe c t s  can possibly be the cause for destructive 

changes no ted  in the present study.

4.2.2 HISTOPATHOLOGY OF GILLS

The decapod gills follows the basic gill pa ttern  wherein a series of 

4 gills is a t t a c h e d  to each thoracic  somite. However, the presence of this

full com plem ent has not been reported in any modern decapod. A single 

gill essentially  consists of an elongated cen tra l  axis and a series of lateral 

branches. The cen tra l axis is provided with a ffe ren t and e fferen t blood 

channels. The decapod gill may be dendrobranchiate, trichobranchiate or 

phyl lobranchiate  Penaeoids and Sergestoids a re  the  only decapods, with dendro- 

brachiate gills.

The dendrobranchiate gill consists of a long central axis that carries 

a series of paired  branches (the primary filam ents), a t  right angles along its
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length. Each branch gives rise  to  numerous perpendicularly orien ted  secondary 

filaments. A longtitudinal sep tum  divides the  lumen of each axis, branch 

and f ilam ent in to  a ffe ren t and e ffe ren t  cham bers. The secondary lamellae

are transversed  by ep ithe lia l pillar cells be tw een  opposite cuticular walls. 

The haemolymph moves through in terconnecting  lacunae which are  interspersed 

among the p illa r cells. The base of the  secondary lamella houses an afferent 

and an e f f e r e n t  vessel, sep a ra ted  by a thin septum  and the distal end is gene

rally swollen, containing en larged  lacunae. C irculating haemocytes are seen 

in the  gill p rocesses .

E lectron microscopic s tud ies  on the s t ru c tu re  of the gill lamellae of

Crangon c rangon  (Papathanassiou, 1985) reveals an outer cuticle beneath which 

are the e p i th e lia l  cells and c en tra l  haemocoel. The epithelial cells have 

numerous m itochondria . Each ce ll  has a nucleus containing dispersed chromatin 

near the p er iphery  and is connec ted  to  the nex t one by sep ta te  desmosomes. 

The apical reg ion  of the cell has prominent invaginations which produce small 

vesicles by m icropinocytosis. Golgi complexes rough endoplasmic reticulum 

and abundant f ree  ribosomes a re  also present in the  cells.

Being th e  most perm eab le  region of the  body constantly in contact 

with the surrounding water, the  role of the gills in the essential life-sustaining

functions o f  resp ira tion  and osmoregulation canno t be doubted. Baker (1969),

Eisler and G ardner (1975) and Jones (1975) have shown through physiological, 

histological and u ltras tru c tu ra l  studies that heavy metal ions in te rfe re  with 

respiration and osmoregulation by disrupting the  structure of the  gill cells
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in fish and c ru s tacean s .  The gills have been reported  to be the  main sites 

of absorption o f heavy m eta ls  present in the  medium (Bryan, 1964, 1988).

Studying the  e ffec t  of zinc on the he rm it crab, Dardanus arrosar, 

Cuadros e_t_ ah  (1981) reported  a  high uptake of the  metal through the gills, 

leading to a wide degree of varia tions  in the gill s tructu re . Gills of P. indieus 

exposed to z inc , in the p resen t study, developed several pathological a ltera

tions. The m ost significant e f f e c t  noted was the  occurrence of blackened

lamellae which o ften  developed even within 3 to  4 days of exposure to 300 

ppb of zinc. Similar e f fe c ts  were noticed by Nimmo e t  aL (1977) in the 

gills of P. duorarum  and P a iaem onetes  vulgaris exposed to cadmium. However, 

no such inc idence  was noticed in the case of animals subjected to  the lower 

concentration o f  zinc. This could possibly suggest a b e t te r  ability of the 

animal, to reg u la te ,  to  an e x te n t ,  the body zinc level upto a threshold value, 

beyond which accum ulation occurs ,  as suggested by Rainbow (1988).

C rit ica l  examination o f  th e  sections of the  gills of zinc exposed animals 

revealed s e v e ra l  marked varia tions  from the  normal s truc ture . The heavy 

haemocyte in f i l tra tion  noticed, especially in the  case of anim als exposed to 

higher c o n cen tra t io n  of zinc suggests an inflam m atory  reaction  to the iieavy

metal s tress .  Distension of secondary lamellae was also more in this ease.

Pycnotic nuclei, commonly seen  in animals exposed to stress, were abundant. 

The inhibition of gas exchange through distension of gill epithelium has been 

noted by Pa ti l  and Kalimal (1989) in zinc exposed prawns, Macrobrachium
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hendersodyanum. I hey reported  wide spread occurrence  of gill lesions, pycnotic

nuclei, necrotic*,areas, oedem a and loss of cu ticu la r  lining of the  lamellae.

Degeneration of prim ary p rocesses  and secondary lamellae and sloughing off

of secondary lam e llae  were a lso  m e t  with, in th e  present study. The secondary 

lamellae of an im a ls  exposed to  300 ppb of zinc exhibited maximum distortion 

in shape. Ins tances  of lam ella r  shrinkage w ere also noted. Necrotic black 

lesions were commonly found in portions of gill processes from animals sub

jected to 300 ppb of zinc. Nim m o e t  al. (1977) had observed multiple lessons 

of this sort on gill processes, following cadmium trea tm ent in P. duorarum.

O ccurrence  of secondary lam ellae  with em pty tips was noticed in the 

case of an im als  exposed to both the concentrations of zinc. However, while 

only portions of the lam ellar tips  were empty in animals exposed to 100 ppb

solution, the  e n t i r e  tips seemd to  be empty in som e lamellae of animals treated 

with 300 ppb o f zinc. The occu rrence  of to ta lly  empty distended and degener

ated secondary lam ellae w ere  also noticed in the  case of animals exposed 

to the higher concentra tion . Wobeser (1975) observed cytoplasmic vacuolation 

and pycnosis, followed by distension  and desquanation of the hyperplastic epi

thelium, which resu lted  in bare  cen tra l  pillars surrounded by a m at of epithelial 

cel! rem nants in the gill lam ellae  of rainbow t ro u t  exposed to  methyl metcury 

chloride. S im ilar instances have been noticed in the present study in the 

giils of P. indicus trea ted  to high zinc concentration.

The congestion of gill lam ellae  by haem ocytes has been widely reported 

fro heavy m e ta l  poisoning; such gill lamellae a f t e r  assume enormous proportions,
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almost tw ice th e  size of norm al lamellae, as noticed by Nimmo e t  aL (1977) 

in cadmium t r e a te d  JP. d u o ra ru m . A similar observation has been made in 

the present s tudy  on _P. indicus exposed to zinc. Heavy haem ocyte infiltration 

can lead to  b lockage of haem olym ph channels and thus render the  gills physio

logically non-functiona l. The d ea th  of zinc t re a te d  fish due to insufficiency 

of the gas exchange process a t  the gills to sa tisfy  the oxygen requirements 

of the anim al has been reported  by Skidmore (1970).

The m alfunctioning o f dam aged gills can probably be re la ted  to the 

effect of th e  heavy metal on the  cell organelles, especially the mitochondria, 

several s tud ies  in the past have revealed the  immense sensitivity  of mito

chondria to  m e ta l  ions. C respo  and Sala (1986) have shown g rea t  alterations 

in mitochondrial s truc tu re  and function in the  chloride cells of zinc treated 

dogfish, Scyliorhinus can icu la . These a lte ra tions, followed by digestion of 

altered m itochondria  by cytolysosom es, can lead to impairment of oxidative 

phosphorylation, causing a blockade of the sodium-potassium pump and the 

inhibition o f  severa l enzym atic  activities involved in respiration and osmo

regulation. S tru c tu ra l  de fo rm ity  suffered by the  gills, which amounts to such 

magnitude as has been noticed in the present study, as a result of zinc toxicity, 

would invariably  a f fe c t  the  effic iency  of functions such as respiration and 

osmoregulation, perform ed by this vital organ. This in turn, would imply 

perturbations in the physiological functioning o f the  animal as a whole.

4.3 STUDIES ON STARVATION

The c ru s tacean  hepatopancreas  has the  function of both, the liver and 

the pancreas o f  v e rteb ra tes  (Vohk, 1960), and is therefore  involved in the
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secretion of d igest ive  enzym es and the absorption and storage of lipid material 

(Bunt, 1968, Sm ith  et^ aL, 1975). Starvation, which is often encountered by 

animals in bo th  natura l and cu ltu re  ecosystems, lays a g rea t stress on the 

morphology, h isto logy and func tiona l physiology of the  hepatopancreas.

The h ep a to p an c reas  o f JP. indicus s tarved  for 10 days exhibited a con

siderable sh r inkage  in size. S tarvation resu lted  in the general atrophy of 

the tubule ce l ls ,  with most of cells having undergone autolysis, making it 

difficult to  d i f fe re n t ia te  the  d iffe ren t ce ll- types. Lawrence e t  al. (1965) 

showed tha t th e  size of the  digestive gland in the  chiton, Katharina tunicata 

is influenced by the amount of food available and shrinks during starvation. 

Similar findings were repo rted  in the mussel, Mytilus edulis by Thompson 

e l a h  (1974).

In a s tu d y  on the e f f e c t s  of s tarvation on juvenile lobsters, Rosemark 

et al. (1980) no ticed  a general atrophy, especially of the absorptive and secre

tory cells in th e  hepatopancreas  a f te r  just 4 days of starvation. They also 

reported a reduc tion  in the s ize and number of B-cells and in the  vacuolation 

of R-cells, accom panied  by a progressive appearance of connective tissue 

and haem ocyte  infiltration. A regular fea tu re  noticed in the present study 

was the o c cu r ren c e  of em pty  vacuoles. Vacuolar contents, if present, were 

meagre and lacked  the homogenous nature of the  contents seen in control 

animals. On th e  o ther hand, th e re  was a considerable accumulation of homo

genous inclusions within the  tubular lumen which could indicate  increased 

atrophy o f th e  epithelial cells. Cellular inclusions were, considerably less 

in almost all th e  cell types.
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According to  Storch en ah  (1981), in s tarved  decapod crustaceans, 

it is the R -ce ll  in the  hepatopancreas  that r e a c t s  more than the  F-cell or 

the B-cell. In a  study on s ta rv a t io n  in juvenile _P. monodon, Storch e t aL 

(1984) noticed a decrease  in the  size of the R -cell ,  depletion of stored lipid 

inclusions, p ronounced  swelling of mitochondria and increase in the  thickness 

of the basal lam ina . Overall tubular degeneration has been reported in the 

hepatopancreas o f  the s tarved  lobsters, Homarus americanus (Stewart e t al., 

1967). A ccording  to Thompson et_ aL (1974) d igestive  gland m ate r ia l  is utilised 

during periods o f  s tarvation  and th is  process is associated  with the degeneration 

of hepatic tu b u les .  F aw ce tt  (1959) reported rapid and d ras tic  changes in 

the form of th e  endoplasmic re ticu lum  of the d igestive  gland cells on starvation. 

Protein s e c re to ry  cells have been found to be especially susceptible during 

starvation. S ta rv a t io n  induced changes in the  histology of hepatopancreas 

of M etapenaeus dobsoni include considerable shrinkage of the tissue, general 

atrophy of the  epithelial cells, reduction in cellu lar inclusions, obliteration 

of tubular lum en, slight swelling of the cells  lack of homogenous contents 

in the vacuoles of the B-cells and occurrence of pycnotic nuclei (Manisseri, 

1993). The his topathological a l te ra t io n s  noticed in the hepatopancreatic  tissue 

of starved P. indicus during the  present study a re  in general conformity with 

the observations made in the  d iffe ren t species of decapod crustaceans by 

several authors.

Mayznud (1973) reported  th a t  s tarvation leads to protein metabolism, 

but owing to  lim ited  reserves, the  animals would not be able to maintain 

a basal level of metabolism and would therefore , have to resort to  degradation
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of body p ro te in s  a t  an increasing  ra te  to ensure a viable level of oxidative 

metabolism. Dali and Sm ith (1986) found p ro te in  to be the  only energy sub

stra te , under s ta rv a t io n ,  in Penaeus eseulentes, supporting the  conclusion of 

Barclay e t  a_L (1983) which a t tr ib u ted  p ro te is  to  be the main body reserve 

metabolised during  s ta rva tion . Clifford and Brick (1983) however, concluded 

that in s ta r v e d  M acrobrachium rosenbergii, energy metabolism is dominated 

by the o x id a tio n  of carbohydra te  while lipid and protein were only secondary 

and te r t ia ry  su b s tra te s  respec tive ly .

A ccord ing  to Thompson et_ al_. (1974), th e re  is no doubt about the rapid 

utilisation o f  digestive gland m ateria l during starvation. The authors s ta te  

that recovery  of the  d igestive  gland with re sp ec t  to both, s truc tu re  and func

tion, during resum ption o f feeding, is e ssen tia l  for survival of the animal 

since all m e tab o lic  processes are  u ltim ately  dependent upon the functional 

integrity o f  th e  digestive gland.





V -  SUMMARY

Pollution is one of the  major limiting fac to rs  that poses a potential 

threat to the  su s ten an ce  of aquacu ltu re  systems. Keeping in view the import

ance of heavy m eta ls  as po llu tan ts , a study was undertaken to  assess the 

extent of harm  done by the heavy m etal zinc, which finds its way to natural 

water bodies m ainly through industrial effluents, on the Indian White Prawn, 

Penaeus indicus, one if the im p o rtan t  cultivable penaeid prawns in the country. 

The study was a im ed a t e s t im a tin g  the toxicity  of the metal to  the species 

at lethal and  sub-le thal co n cen tra tion  levels. The sub-lethal toxicity was 

assessed through studies on the  histopathological manifestations in vital organs 

such as h ep a to p an c reas  and gills. The histopathological e ffec ts  of starvation, 

which is a s t r e s s  these anim als often encounter in both, na tu ra l and culture 

ecosystems, w ere  also worked out.

Juven ile  P. indicus w ere  exposed to  various lethal concentrations

of zinc to e s t im a te  the 96 hr LC , following the  method of S ta t ic  Renewable
50

Bioassay with 100% water exchange once every  24 hrs. The 96 hr LC , 

as analysed by Probit method, was worked out to  be 1668.16 ppb.

Exposure of the an im als  to  sublethal doses (100 and 300 ppb) of zinc 

was done for 20 days, with the  animals being sacrificed a f te r  the  10th and 

the 20th days o f exposure. The hepatopancreas and gills of these animals 

were subjected to  critica l histo logical examination, to identify the  histopatho 

logical changes, if any, e f fe c ted  in them by the  toxicant. The hepatopancreas
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of zinc-exposed animals showed marked deviation  from the normal structure. 

Vacuolation, especially  of th e  B-cells, loss of homogeneity of vacuolar contents, 

reduction in ce llu lar  inclusions, occurrence of pycnotic nuclei, delamination 

of epithelial cells , clumping of cells in th e  tubular lumen, and rupture of 

tubules w ere  among the histopathoiogical a lte rations  encountered. Higher 

concentrations seem ed to re su lt  in more de te r io ra tive  changes.

The gills  showed d ra s t ic  changes under zinc exposure, often  undergoing 

blackening in higher concen tra tions . H aem ocyte  infiltration, distension and 

distortion o f  th e  secondary lam ellae , and sloughing off of gill processes were 

of wide o ccu r ren c e  in the  gills of zinc abused animals. There a marked 

occurrence of pycnotic nuclei. Necrotic lesions and development of empty 

tips in seco n d ary  lam ellae w ere  also among the  alterations induced by the 

heavy m e ta l .  All the  h istopathoiogical changes noted did not, however, occur 

in the e n t i re  tissue, e ither in th e  hepatopancreas or in the gills; often damaged 

and in tact s t ru c tu re s  o ccu rreds ide  by side.

C r i t ic a l  histological examination o f the  hepatopancreas of juvenile 

prawns s ta rv e d  for 10 days revealed a high degree  of degeneration. A lesser 

homogeneity o f vacuolar c o n ten ts ,  empty vacuoles, presence of residual contents 

in the tubu la r  lumen, reduction in cellular inclusions, pycnosis of nuclei, shrink

age of basal lamina and au to ly t ic  changes resulting in cellu lar atrophy were 

noticed widely. These observations indicate th a t  starvation brings about drastic 

changes in th e  s truc tu re  o f  the  hepatopancreas, which can thus be used as



48

an indicator o rgan  in the assessm ent of the  nutritional s ta tus of the animal 

and any d ie ta ry  s tre ss  it is sub jec ted  to.

The p re sen t  study indica tes  that _P. indicus is able to  tolerate the

stress induced by zinc upto a certain  lim it , beyond which, it  succumbs to 

the toxicant. Thus, based on the lethal tox ic ity  data  obtained, 'safe levels' 

of zinc th a t  can  be encoun tered  by the anim als  without being considerably 

harmed, can  be predicted. However, from the  histopathological observations, 

it is c lear th a t  even a concen tra tion , which is more than 10 times less than 

the 96 hr LC obtained, can  cause drastic changes in different organ systems 

of the an im al, inflicting s t ru c tu ra l  deformity of the  organs, which, undoubtedly, 

reflects  on th e  anim al’s functional in tegrity . The hepatopancreas, which,

plays a m ajo r role in the  digestive physiology of the animal, is no doubt 

easily a f f e c te d  by the  m eta l.  The damage caused to the gills is also a m atter 

of concern s in ce  the vital functions of resp ira tion  and osmoregulation, which

are e ffe c ted  ch iefly  through the  gills, are a f fe c te d  adversely.

Based on the present findings, it would be desirable to limit the 'safe 

level' of th e  m e ta l  to a very  narrow range, which will ensure the  availability 

of the m e ta l  in trace  am ounts  for the functioning of various enzymatic and 

physiological a c t iv i t ie s  of the  animals, without effecting any potential harm 

in them. The prediction of such a limit should undoubtedly be of help in 

effecting p ro p e r  regulatory m easures in the m anagem ent of pollution problems 

caused by zinc in culture  sy s tem s  and in the n a tu ra l  ecosystem.
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