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P R E F A C E

Aquaculture em braces a wide range of activities from ’Sea- 

ranching' and management of activ ities  in large bodies of w ater to  in t­

ensive culture  with fe rtilization  and feeding of fish in small manmade 

ponds. It is an age old p rac tise  in d ifferen t parts  of the world and 

recently its  potential in upgrading rural economy in developing countries 

has been recognized by International Organizations like FAO.

In countries like India, rich animal protein sources is not 

within the  reach of majority of population. Hence the need for develop­

ing aquaculture practices to  augment the  production of cheap source of 

animal protein is highly fe l t .  Aquaculture is the  best available method 

to convert the  otherwise useless organic w aste  into high quality animal 

protein. Further, rapid s trides  have been made in aquaculture by appli­

cation of modern scientific methods d irec ted  to  produce maximum amount 

of flesh in a minimum volume of w a te r . ,

Many countries including India have fe rti le  bays, estuaries  

and in tertidal zones which a re  ideal locations for taking up aquaculture.

In the early part of 20th century  most of these  areas were not polluted. 

But unfortunately today they face  the major problem of environmental 

degradation due to the accum ulation of industrial waste, agricultural run­

off and th e  waste of increased urbanization (Iverson, 1976; Pillai, 1976).

Like any other developing country we are  also facing the 

problem of industrial pollution especially in our aquatic systems. Among
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the  industrial pollutants, heavy m etals  are  of a major problem. Zinc is a 

major effluent from the industries like softdrinks, flavouring, fur dressing 

and dyeing, fish processing, laundry, e tc .  (Klein ^  Nair and Nair,

1986).

Many studies involving heavy m etal pollution has been conducted 

in India and abroad. However these  studies were limited to  estim ation  of 

pollutants in w ater, its  accum ulation in aquatic  organisms and its lethal 

effec ts. Very limited studies a re  available regarding the e ffec t  of pollutants 

on various vital systems of cultivable organisms a t  cellular level. A study 

involving the  deleterious e ffe c ts  of pollutants on the  tissues and organs of 

the  organisms a t  various concentrations and ex ten t of its exposure is 

essential to  evaluate  the damage caused to  the  biota. There is very litt le  

information regarding the tox ic  e f fe c t  of zinc on milkfish (Chanos chanos) - 

a  commonly cu ltured  euryhaline fish. Therefore th is  study was taken  up 

with a view to  investigate  the  damages caused by zinc a t  cellular level on 

various organs of milk fish. This study involved histological exam ination 

of various v ital organs, such as liver, kidney, brain, gills, skeletal, muscle 

and spleen.
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I N T R O D U C T I O N

The deleterious e ffec ts  of aquatic pollution is a subject of 

study by large number of workers. Among the various types of pollut­

ants, heavy m eta l poisoning in aquatic animals occupies an important 

position (Forstner and Wittmann, 1977; Munro, 1978) ^^d hence is a 

m atter of concern.

There are  reports  regarding severe poisoning of mercury, 

cadmium, zinc, copper in aquatic  animals (Irukayama, 1967; Y agam ata 

and Shigamatsu, 1970; Kobayashi, 1971; N atta , 1972). The lethal level 

of zinc for fishes vary from 330 ppm (Carpenter, 1927) to 0.01 ppm 

(Affleck, 1952). The median lethal concentration (LC^q) values for 

zinc had been reported to  vary depending on species, quality of w ater 

etc» (Skidmore, 196<̂ ; Taylor, 1981). Eventhough zinc is toxic a t  higher 

leve ls , i t  is also an essential elem ent in traces . It is necessary 

for enzyme activ ity , protein and carbohydrate metabolism and also for 

growth (Vallee, 1959; Ogino and Yang, 1978; 1979). But when present 

in excess, i t  re tards the  growth of fishes (Crandall and Goodnight, 1962, 

1963; Bengston, 197̂ ;̂ Watson and McKeown, 1976; Pierson, 1981).

With regard to  heavy m etal absorption in fishes, there  were 

some inf*irect evidences th a t the  zinc absorption in fishes was mainly 

through gills and not through gut ^  skin (Saiki and Mori, 1955; Cairns 

and Scheier, 1957; Joyner, 1961; Skidmore, 196U). Holcombe e t  

(1979) studied the  concentration of zinc in the  experimental fishes 

where gills showed three  tim es higher concentration than th a t  of



control fishes. Liver and kidney also revealed two tim es higher concentra tion  

where as in brain and muscle there  was no accum ulation of zinc, Pen trea th  

(1973) and Lovegrove and Eddy (1982) were of the  opinion tha t main s ites of 

heavy m etal uptake were the  gills and gastro in testinal tra c t .  Extensive 

studies on biochemical param eters  in association with metal poisoning had been 

done in a number of species of aquatic  animals. It was reported th a t  various 

heavy m etals  a t  toxic levels had e f fe c t  on cellular respiration and glucose 

metabolism (Hiltibran, 1971; Bilinski and Jonas, 1973; Larsson, 1975; Gill and 

Pant, 1981).

The effect of heavy m etals on hormones, biotransformation enzyme 

activities and other enzyme kinetics were studied by Srivastava (1982), Brown 

e t 198^ ),Nemcsok e t  al_.,( 198^), and Jambulingam, (1988 ).

The e f fe c t  of toxic levels of zinc on liver was well documented 

in fishes. Crandall and Goodnight (1963) reported  pathological a lte ra tions  

like vacuolation of hepatocytes , degeneration of hepatic  parenchyma when 

guppies were exposed to  d ifferen t levels of sublethal concentration of zinc,

i.e., 1.15 ppm to  2.3 ppm for 55 to  95 days. Severe necrotic changes were 

obtained in the  liver of fishes exposed to  le thal concentra tion of zinc (Kumar 

and Pant, 1981). Necrosis, vacuolation and o ther degenerative changes of 

hepatocytes w ere observed in liver of fishes in association with heavy m etal 

pollution and o th e r  toxic conditions (Koyama and Itazawa, 1977; R oberts, 1978; 

Kumar and P an t,  1981; Sultan and Khan 1981; Bhattacharya e t  al., 1985;

Forlin e t  al., 1986; Jambulingam, 1988). In general, heavy m etals  were 

observed to have e f fe c t  on cellular respiratory  metabolism of hepatic  

cells (Hiltibran, 1^971; Brown e t  al., 198^ )̂.



Kidneys a re  very sensitive to  poisoning/toxic conditions 

(Runnells ^  ah , 1965; 3ones and Hunt, 1983; Brown ^  198^). The 

nephrotoxic e ffe c ts  of heavy m etals were charac te rised  by degenerative 

changes in tubules, particularly  in proximal convoluted tubules and glomeruli, 

Crandall and Goodnight (1963) observed the degenerative changes of kidney. 

They noticed distension of glomeruli and tubules when the fishes were 

subjected to  sublethal zinc toxicity . Kumar and Pant (1981) noticed 

vacuolation and necrosis of the  epithelial cells lining the  renal tubules and 

dilated glom erular capillaries when fishes w ere subjected to  lethal concent­

ration of zinc. Other heavy m etals  also produced similar changes in 

kidneys (Gardner and La Roche, 1973; Trump ^  1975; Koyama and 

Itazawa, 1977; Roberts, 1978). Gardner and Yevich (1970), Koyama 

(1978), Forlin e^  ah , (1986) noticed the maximum damage of the  kidney due 

to  heavy m eta l toxicity was in proximal tubules. Saxena (1981) reported  

changes like swelling of glomerular capillaries and the  increase in Bowman's 

SF>ace in fishes associated with cadmium toxicity*

In the  case of higher v e r teb ra te s  brain is highly susceptible to  

all types of toxic condition. These changes a re  characterised  by neuronal 

lysis, sate llitosis , neuronophagia and o ther degenera tive  changes (Runnells 

^  1965; Jones and Hunt, 1983). However, in fishes very lim ited work 

has been done in relation to  pathomorphological changes of brain. Vascular 

congestion of brain was noticed in fishes a f t e r  exposure to  pesticides 

(Cope 1970; Kennedy ^ ^ . , 1 9 7 0 ) .  Gardner and La Roche (1973)

observed dilation of blood vessel and haem orrhage in brain when fishes 

were exposed to  copper. Hyperemia of brain was reported in th e  fishes 

which was exposed to  endosulfan and dieldrin (Walsh and Ribelin, 1975).



U ltras truc tu re  studies on brain cells  from fish larvae  exposed to  toxic 

conditions w ere  carried  out by Cam eron and Smith (1980) and Somasun- 

daram ej^ They rep o rted  swelling of nuclear m em brane,changes

in rough endoplasmic re ticu lum , increased  in in te rce llu la r  spaces and 

shrinkage of mitochondria.

The toxic e f fe c t  of zinc on th e  gill has been studied in many 

species of fishes. C arpen ter  (1927) and Jones  (1938) s ta ted  th a t  in acu te  

zinc tox ic ity , gill damage was caused by excessive  secretion and p rec ip i t ­

ation of mucus. In acu te  toxic  conditions Lloyd (I960), Kumar and Pant 

(1981) and Kodama ^  ^ .,(1982) observed th a t  changes in gills w ere  ch ara ­

c terised  by swelling of ep ithe lia l cells, necrosis of cells, desquam ation of 

epithelia l layers and oadem a of gill lam ellae. Skidmore (1970) observed 

the  death  in Salmo gairdneri subjected to  an a cu te  zinc t r e a tm e n t  was 

probably caused  by an in ternal hypoxic situations a f te r  m eta l exposure, 

which was g enera ted  by the  increase  of d is tance  th a t  resp ira to ry  gases have 

to  cross betw een  w ater  and blood due to  gill dam age. This hypothesis 

was fu r th e r  confirm ed by Burton e^  (1972). In 1972, Skidmore and 

ToveJl suggested  th a t  initial changes in th e  gill tissue of rainbow tro u t  

exposed to  UO ppm of zinc sulphate solution w ere  charac te rised  by typical 

acu te  in flam m atory  reaction . The epithelium  covering the secondary 

lam allae was desquam ated in continuous shee t from the pillar ce ll  system . 

This increased  the  diffusion d is tance  from w a te r  to  blood.

Crandall and Goodnight (1963) did not find any change in 

gills of fishes which were exposed to sublethal toxicity . A ccording to  

Skidmore (196^), chronically toxic  concen tra tions  of zinc caused  no 

damage to  th e  gills, but le tha l concen tra tions  defin ite ly  caused severe



cytoiogical damage to the gills. The only exception is that of Tuurala 

and Soivio (1982)’$ experiment. They exposed Salmo Rairdneri to sublethal 

concentrations of zinc and observed the fusion of adjacent secondary 

lamellae and detachment of the epithelium from the pillar cell system.

The ceils in the outer layer of the epithelium did not loose their lateral 

contacts to  the adjacent epithelial ceils.

Other organs and tissues like heart, spleen, intestine and 

skeletal muscles were also reported to have undergone pathological a lte r­

ations due to  heavy metal poisoning (Crandall and Goodnight, 1963;

Gardner and Yevich, 1970; 3ambulingam, 1988). In view of this, the 

present study was taken upto find out the histopathological changes 

caused by zinc in the vital organs such as liver, Kidney, brain, heart, 

giJJs, skeletal muscle and spleen of milkfish (Chanos chanos).



M A T E R I A L S  A N D  M E T H O D S

Milkfish (Chanos chanos) of two size groups i.e, fry (3.0 to 

3.5 cm lengtii; 0.3 to 0.^5 gm weight) and subadults (13 to  15 cm length;

16 to  20 gm weight) were selected for the  experiments. Fishes were 

collected from Kerala Agriculture University Farm, Puduvypu and Matsyafed 

Farm, Narakkal. Fry were transported to  the  laboratory in oxygen filled 

polythene transporta tion bags. Subadults were transported by large plastic 

bins. Transportation were done in morning hours to  avoid heat stress to 

the animal. C are  was taken to  avoid mechanical injury during collection 

and transportation.

Fishes v/ere acclim atized for two weeks before com m encem ent 

of the  experim ent. During the period of acclim atization, fishes were held in 

UOO litre  fibre  glass tanks which contained diluted seawater of salinity 20 ppt, 

pH 7.2 and tem pera tu re  28 ± 2®C. The tanks were provided with biological 

filters. Same quality of w ater was used for experim ent also. Water was 

aerated  with aquarium aerators. Fishes were fed libitum with artif icially  

prepared wet feed. The waste m aterials  were siphoned out daily from the 

tank.

Exposure to  zinc:

Ziric was added in the  form of ZnS0^.7H20 throughout the 

experiment. The values of zinc for fry was approximately calculated

by the  method of Finney (1952) for exposing the  experimental animals to 

sublethal and lethal concentrations.
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To study the histopathoJogical changes due to the subJethaJ and 

lethal concentra tions of zinc, experim ents were conducted on fry (sublethal 

and lethal) and subadults (sublethal only). The fishes were grouped into 5 

categories. The first group served as the  control, while the second, third 

and fourth were subjected to  2.5 ppnn, 5 ppm and 7.5 ppm of zinc respe­

ctively. The fifth  group consisted of fry was subjected to a zinc concent­

ration of 30 ppm. All the  experim ents were done in duplicates taking 10 

animals in each group. The fishes were lim ited  to  one per two li tre  for fry 

and one per ten  litre for subadults. In order to  maintain the  concentra tion  

of zinc and reduce the  build-up of w aste  products, w ater was changed once 

in every hours. Aeration was done throughout the  experiment.

Experimental fishes v/ere sacrificed on 10th, 20th and 30th day 

post exposure. Vital organs like liver, kidney, brain, heart, gills, muscle 

and spleen w ere dissected out from subadult fishes and fixed in 10 percen t 

neutral buffered formalin. In the  case  of fry, incisions were made in the 

cranium and muscle; abdomen was opened by a longitudinal m idventral 

incision for proper fixation and was fixed in neu tra l buffered formalin.

Fishes from f if th  group were fixed im m ediately  a f te r  death.

A fter proper fixation, tissues were processed by routine histolo­

gical techniques (Bullouck, 1978). Paraffin  embedded sections were cu t a t 

^ to  6 yu thickness in mannual ro tary  m icrotom e. (WeSwox optik model 

MT * 1090A). The sections were jta ined  with Harris haematoxylin and 

counterstained  with alcoholic eosin (H & E). Frozen sections of liver 

were cu t a t  15 -  20 yu in c ryos ta t (American opticals) and stained 

with Sudan black B to dem onstra te  lipid (Casselman, 1959). Special



staining lor polysaccharides of PAS techniques (Himes and Moriber, 19!$6) 

was employed for kidney sections. All the sections were examined under 

light microscope (Olympus) and Photomicrographs were taken whereever 

necessary.



R E S U L T S

Median le thal concentration:

The median lethal concentra tion of zinc in milkfish (Chanos 

chanos) was found to  be approximately 13 ppm for 72 hours.

Histopathological studies:

Vital organs/tissues from five groups of fishes, sacrificed on 

10th, 20th and 30th day a f te r  exposure were subjected to  detailed  his­

topathological studies. Salient histopathological observations are  

described for each organ. The findings are  also summerised in Table 1 and 2. 

Changes observed in fry and subadults were not significantly d ifferent.

Liver;

Group - i:

Liver of Group-i which formed the  control did not reveal any 

major a lte ra tions  (Fig. 1). Normal a rch itec tu re  of parenchyma was altered 

very l i t t le . The hepatocytes were polyhedral in shape having a cen tral 

vesicular nucleus. The hepatocytes formed irregular cords which were 

separated by sinusoids lined with endothelial cells.

Group - ii:

The liver tissue a f te r  10 days exposure reveai^d vacuolation of 

hepatocytes and condensation of nuclear chromatin. The samples 

collected on 20th day showed intravascular coagulation of blood and 

focal necrosis of hepatic parenchyma in addition to  vacuolar changes.

Same changes with more severity  was observed in the liver samples 

f ■)liected on 30th day.
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In this group, hepatic  cells had undergone similar vacuolar 

changes by 10th day as in Group - ii. The nuclei were e ither swollen 

or pyknotic. Many small a reas  of coagulative necrosis with infiltra tion  

of mononuclear cells were noticed in the  perinecro tic  areas. The 

in travascular coagulation of blood which was observed in Group - ii on 

20th day was also present in these fishes on 10th day post exposure.

Many of the  bJood vessels appeared m ore perm eable  and exhibited fibrinous 

exudate in perivascular region. These changes became more severe 

and ex tensive on 20th day. The degree of coagulative necrosis was 

also increased. Further extension of coagulative necrosis along 

with mononuclear cell infiltra tion was noticed  in the liver of animals 

exposed for 30 days.

Group -  iv:

The samples taken on 10th day, showed very extensive vacuolation 

of hepatic  cells with several foci of coagulative  necrosis and mononuclear 

ceil accum ulation. Perivascular mononuclear cell infiltration and in tra ­

vascular coagulation of blood were also observed. Hepatic nuclei were 

e ither swollen or pyknotic. Samples taken  on 20th day revealed fu rther 

changes like extensive a rea  of necrosis in fi lte red  with mononuclear 

cells. In 30th day sample these  changes have become more severe and 

extensive.

Group - v:

The fishes under th is group s ta r te d  dying from 8 hour post­

exposure and all were dead by 16 hours. Liver from these animals 

revealed  acu te  degenerative changes of hepatic  cells with extensive 

a rea  of necrosis.



Lipid staining;

Liver tissues from Group - ii, Group - iii, and Group - iv, were 

subjected to  lipid staining by Sudan black B method revealed the excessive 

accumulation of fa t  in hepatic  ceils.

The salient changes of liver tissues a re  shown in Fig. 2 to  8.

Kidney 

Group - i:

The kidneys were composed of excretory , haemopoietic and re t i ­

culoendothelial tissues. The nephrons consisted of a well vascularised 

glomeruli which were congested. The glomeruli were surrounded by Bowman's 

capsule which were lined by squamous epithelial cells. The Bowman's 

capsule continued through a c ilia ted  neck. Two proximal segments, one 

with a prominent brush border and other with basal striations which were 

separated by a  ciliated segm ent were seen. In addition to  these  tubules 

there  were distaj segments which connected second proximal segm ents to  

the collecting ducts. The proximal ducts were more eosinophilic in 

staining and the proximal segm ent of the  tubule were lined by low columnar 

epithelium with indistinctive borders. In te rs tit ia l  space was occupied by 

actively dividing haemopoietic tissue and e lem ents  of adrenal tissues.

Numerous melanomacrophage cen tres  were also seen. In this group, the 

a rch itec tu re  of the  kidney did not show any major changes except congestion 

of the  glom eiular capillaries and occasional degenerative changes in 

tubules (Fig. 9).

Group - ii:

The samples collected  on 10th day revealed no change in 

glomeruli from tha t of control. However, swelling of epithelial cells



of proximal segments with casts  in the lumen were observed. On 20th 

day, many of the  glomeruli showed more permeability and Bowman's 

capsuJe contained proteinaceous. fluid and homogenous eosinophilic m aterials . 

Some of th e  glomeruli revealed increased celluiarity  and sclerotic  changes.

In addition to  necrosis of cells of proximal tubules, swelling of the  celJs 

and cas t in the lumen were also noticed. By 30th day exposure, in many 

of the  glomeruli the capillaries appeared highly thickened. A few 

glomeruli revealed mesenchymal proliferation and also increased perm ea­

bility. Proximal tubules exhibited necrosis and the  necrosed cells 

contained eosinophilic droplets (hyaline droplets).

Group - III:

In this group, the  kidneys on 10th day revealed most severe  

changes in tubules. There were only very mild changes in glomeruli.

The tubular epithelial cells were e ither degenera ted  or had undergone severe 

extensive necrosis. The lumen of tubule contained hyaline cas t .  By 20th 

day, considerable changes w ere  observed in glomeruli and tubules.

The glomerular changes w ere characterised  by accumulation of protein­

aceous fluid in Bowman's space, thickening of glomerular capillaries, 

mesenchymal cell proliferation and adhesion of visceral and parie ta l layers; 

and periglomerular fibrosis. In extensive areas, tubular epithelial cells 

were necrosed and almost all the  tubules contained hyaline cast.  In 30th 

day samples also same changes were observed in glomeruli and tubules.

Group -  iv;

In this group extensive tubular necrosis, mesenchymal cell proli­

feration and hypercellularity of glomeruli were seen on 10th day exposure. 

Extensive thickening of capillaries of glomeruli were observed in many



areas. In 20th day samples, adhesion of glomeruli to  parietal layer of 

Bowman's capsule; and sc le ro tic  changes in glomeruli and Bowman's 

capsule w ere evident. The tubular changes which were seen in other 

groups were also present with much more severity  throughout the 

experim ental period. By 30th day, large number of glomeruli revealed 

sclerotic changes and adhesion to  Bowman's capsule in addition to the 

extensive tubular necrosis.

Group -  v:

In this group, the  changes in kidney consisted of tubular degene­

rations. The epithelial cells were swollen and tubular lumen contained some 

casts. The glomeruli revealed very mild changes.

Polysaccharide staining:

The kidney sections from group - ii, group ~ iii and group - iv 

when subjected to  staining with PAS method had shown irregular thickening 

of basal lamina of capillary endothelium.

The pathological changes in kidneys a re  represented in Fig. 10

to 18.

Brain

Group - i:

The brain and spinal cord was covered with the single meningeal 

layer and the  ventricles w ere lined with c ilia ted  cuboidal ependymal cells. 

The brain and spinal cord were divided into grey and white m a tte r ,  the 

grey m a t te r  contained numerous neurons, the  pa tte rn  of arrangem ent or 

neurons w ere similar to o ther vertebra tes  in general. However there  

were some neurons which a re  very large -  Mauthnerian group of cells.



The supporting cells, the neuroglia consisted of astrocytes, oligodendrocytes 

and microglial cells. In this group occasional neurons showed degenerative 

changes. However these changes were minimal (Fig. 19).

Group - ii:

In this group, the fishes a f te r  exposure to toxicant for JO days 

showed many changes in the  nervous system. These include neuronal lysis, 

chromatolysis of neurons, vacuolation of neurons and neuronophagia. In 

the 20th day sample, the cerebral cortex  revealed absence of neurons in many 

places and formation of microglial modules. Many of remaining neurons 

had their nucleus in the periphery of the  cell with vacuolation of cytoplasm. 

Satellitosis v/as found around some neurons. By 30th day the above described 

changes were further aggrevated and liquifaction necrosis of brain substances 

was evident in some areas.

Group - Hi:

In this group, the  samples collected on lOth day revealed changes 

like satellitosis  of neurons, proliferation of glial cells, margination of 

nucleus of neurons and neuronal lysis. By 20th day the brain revealed 

neuronal vacuolation, liquifactive necrosis, neuronophagia and large number 

of gliaJ modules. The 30th day sample revealed the above described changes 

with rounding of many neurons and liquifactive necrosis of many areas. 

Wallerian degenerations of nerve fibre t ra c ts  were also observed. The 

suuependymal tissue' was oedematous and the  same layer was infilterea 

with round cells. The blood vessels of choroid plexus appeared 

hyalinised and leaky.



This group revealed very severe changes by 10th day itself. 

WaiJerian degeneration of nerve fibres was noticed in the white m atte r . 

SeveraJ em pty  spaces indicating neuronaJ necrosis were seen. Neurono- 

phagia, proliferations of neuroglia, satellitosis , vacuolation of neurons and 

other neuronal degenerative changes were noticed. Subependymal oedema 

with vascular changes were also seen. By 20th day and 30th day the 

changes become more extensive with several regions of liquifactive necrosis. 

Many of the  Purkinje cells of cerebellum and other neurons in many 

parts  of the  nervous system were rounded and appeared hyperchromatic.

Group - v:

This group, the  capillaries and other blood vessels of brain were 

severely congested and neuron showed degenerative changes like vacuola­

tion and condensation of nuclei.

The various changes in brain a re  shown in Fig. 20 to  27.

H eart 

Group - i:

The heart from group » i did not reveal any significant changes.

The h ear t  was invested with pericardial membrane. It had a sinus 

venosus, composed mainly of collagenous connective tissue, an atrium 

which had a thinwall and numerous muscular trabeculae traversing the 

lumen. The trabeculae were lined with endothelial cells. The ventricle  

had a very thick wall with a very small lumen. The wall was composed 

of an outer compact layer of muscle and an innter layer of muscles 

which form ed numerous trabeculae (Fig. 28).



In group - ii the  heart muscles did not reveal any significant 

d ifference from the control group till 10th day exposure. But by 20th 

day th e re  were foci of necrosis and loss of striation of muscle fibres.

As the  days of exposure increased number of foci of necrosis increased 

with infiltra tion of mononuclear cells.

Group - ill:

In fishes which were exposed to  5 ppm zinc on 10th day, the 

muscle fibres lost their s tr ia ted  appearance and sarcoplasm appeared 

granular. By 20th day, vacuoiation of sarcoplasm and focal necrosis 

were evident. Accumulation of mononuclear cells were also seen. 30th 

day samples also had focal necrosis, loss of striations and mononuclear 

cells infiltration. Deposition of fibrin was seen in between the 

myofibrils.

Group -  iv:

In this group, loss of striation of myofibrils, focal ieucocytic 

infiltra tion and necrosis were evident by tOth day. On 20th day and 30th 

day sample the  same changes with more severity  were observed.

Group -  v:

The heart was not examined.

The salient changes of hear t  muscles a re  shown in Fig. 29 and 30.

Gill

Group -  i:

The control gill had s tructure  very similar to  normal gill. The 

**111 arch  was covered by typical idermal tissue which a t  the  ori; n



of primary lamellae was much thicker and endowed with mucus cells. 

Below this epidermis there  was an array  of lymphoid tissue consisting of 

lymphocytes and large cells containing eosinophilic granules. The 

primary lamellae had so many la tera l projections, the secondary lamellae 

which w ere covered with epithelial cells - one layer thick which was 

supported and protected by the  pillar cells. The pillar cells forms the 

lining of the  bJood sinuses or lamellar sinus which connect the  a ffe ren t 

and e f fe ren t  lamellar a r te ries .  The s tru c tu re  of control group did not 

reveal any major anatom ical abnorm alities excep t occassional areas of 

sloughing of epithelial cells.

Group - ii, Group - iii. Group - iv:

Gill tissues from these groups on 10th, 20th and 30th day post­

exposure did not reveal any significant changes from tha t of control 

group.

Group - v:

In this group severe epithelial necrosis was seen in secondary 

lam ellae and many lam ellae were oedem atous and exhibited desquamation 

of epithelium.

The control and group - v gills a re  shown in Fig. 31 to  33. 

Skeletal muscle

The muscle of group - 1 showed normal arch itecture  of muscle 

fibres. But in all o ther groups occassional Zenker's type of necrosis was 

observed.
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Spleen

The haemopoietic tissue of control and experimental group did 

not show much significant changes in Haematoxylin and Eosin stained 

sections.



Table t .  Histopathoiogical changes due to  subiethal toxicity

Vital
organs/
tissues

Period 
of ex ­
posure

Group - ii 
(2.5 ppm Zinc)

Group - iii 
ppm zinc)

Group - iv 
(7.5 ppm zinc)

L.

JO
days

Vacuolation,
pyknotic
nuclei

Vacuolation, 
swollen/ 
pyknotic nuclei, 
coagulative 
necrosis with 
mononuciear cell 
accumulation. 
Intra vascular 
coagulation

Extensive vacuo­
lation, swollen/ 
pyknotic nuclei, 
foci of coagulative 
necrosis with mono­
nuclear cell 
accumulation.

>
20
days

-do- 
Intravascuiar 
coagulation,focal 
necrosis

-do- -do-
Extensive area  of 
necrosis

50
days

-do- 
Severe changes

-do- 
Severe changes

-do- 
Severe changes

10
days

Glomeruli : no 
significant change

Glomeruli : very 
mild changes

Glomeruli : capillary 
thickening

Tubule : Degene­
rative changes

Tubule : necrosis 
and cas t

Tubule : necrosis, 
hyper cellularity

>*
CJ
c
-o
5

20
days

Glomeruli : exu­
dation of protein- 
aceous fluid, 
increased cellula- 
rity, increased 
capillary thicken­
ing

Tubule : necrosis, 
swellir g, cas t

Glomeruli : exudat­
ion of proteinaceous 
fluid, increased 
capillary thickening

Tubule : necrosis, 
^welling, cast

More glomeruli 
showing sclerotic 
changes and 
adhesion

30
days

-do- 
Severe changes

-do- 
Severe changes

-do- 
Severe changes

Cont.
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Table 1 ........ Contd

10
days

neuronal lysis 
chromatoJysis, 
vacuolation of 
neurons and 

neuronophagia.

Neuronophagia, 
satellitosis, 
gliosis, margi- 
nation of nucleus 
of neuron, 
neuronal lysis

Wallerian degene­
ration, satellitosis, 
neuronophagia,gliosis 
and o ther neuronal 
degenerative changes.

20 Satellitosis, Liquifactive -do-
c
L.
t£

days gliosis, m arginat- 
ion of nucleus of 
neuron.

necrosis rounding of neurons

30 Severe than above -do- -do
days with liquifaction 

necrosis
rounding of many 
neurons, wallerian 
degeneration,subep- 
endymal oedema, 
hyalinised and leaky 
blood vessel of 
chroid plexus.

more severe.

10 No significant Muscle fibres:- Muscle fibres:-
days change loss of striations loss of striations, 

necrosis.

20 foci of necrosis, -do- -do-
u
CTJ0>
I

days loss of stria tions 
of muscle fibres

Vacuolation, focal 
necrosis

severe

30 -do- -do- -do-
days necrosed area  

infiltered by mo­
nonuclear cells

mononuclear cells 
accum ulation. De­
position of fibrin in 
between myofibrils

more severe

Cont.



V t

Table I ..........Contd

10
days

No significant 
change

No significant 
change

No significant 
change

20 -do- -do- -do-
O days

30 -do- -do- -do-
days

)0 OccassionaJ Occassionai Occassional
days Zenker's type Zenker's type Zenker's type

of necrosis of necrosis of necrosis
«/)

£

20
days -do- -do- -do-

t/5
30 -do- -do- -do-
days

10 No significant No significant No significant
days changes changes changes

C0; 20 -do- -do- -do-
'H. days
to

30 -do- -do- -do-
days



Table 2. Histopathological changes due to lethal toxicity (30 ppm zinc)

Vital organs/ 
tissues Extent of damage

Liver Acute degenerative changes of hepatic cells 

with extensive a rea  of necrosis.

Kidney Giomeuli:- Very mild cahgnes

Tubule: Swollen epithelial cells, cas t in the

tubuie

Brain Blood vessels and capillaries severely 

congested, degenerative changes in neurons,

Heart Not examined

Gill Epithelial necrosis, desquamation and oedema 

of secondary lam ellae

Skeletal

muscle

Occassional Zenker's  type of necrosis

Spleen Not examined



Fig. 2. Liver of t re a te d  fish showing ex tensive  vacuoiation  

of hepatic  cells. H&E X320.

Fig. 3. Liver of t re a te d  fish showing in trav ascu la r  

coagulation of blood. H&E X320.

Fig. Liver of t re a te d  fish exhibiting in trav ascu la r  

coagulation and perivascular fibrinous ex u d a te  

(arrow), note also the  extensive vacuoiation  

of hepatic  cells. H&E X320.





Fig. 5. Liver of tre a te d  fish showing of the

necro tic  regions (arrows). H&E X320

Fig. 6 Liver of tre a te d  fish showing accum ulation 

F?g*  ̂7 nnononuclear cells in perivascular region

of hepatic  parenchyma (arrows). H&E X320

Fig. 8. Frozen section of liver from  t re a te d  anim als

showing lipid accum ulation. Sudanblack B. X800





Fig. 9 Section of kidney from  con tro l fish showing congested 

glomerulus (arrow), haem opo ie tic  tissue  and tubules.

H&E. X320

Fig. 10 Kidney from t re a te d  fish showing increased  permeability 

of glomerulus and accum ula tion  of ex u d a te  in Bowman's 

capsule (arrows). H&E X̂ fOO

Fig. 11 High power view of Fig. 10. H&E X800

Fig. 12 Section of kidney showing ex tensive  th ickening  

of capillaries (arrows). H&E X^OO.





Fig. 13. G lomerulus showing increased  cellu larity ,

no te  also accum ula tion  of exudate in Bowman’s 

capsule  (arrows). H&E X^OO

Fig, 1^. G lom erulus showing sc le ro tic  changes and 

adhesion (arrows) H&E X^OO

Fig. 15. G lom eruli showing th e  sc le ro t ic  changes, note

also th e  th ickening of Bowman's capsule. H&E X320

Fig. 16. Section of kidney showing necrosis of tubules, 

(arrows). H&E X320.





Fig. 17 Section of kidney dep ic ting  appearance  of cas t in 

tubule (arrow). H&E X320.

Fig. 18. Section of necrosed tubule  showing presence  of 

hyaline droplets  (arrows). H&E X320.

Fig. 19 C e reb ra l  cortex  of brain  showing th e  organiza­

tions of nervous tissues . H&E- X320.

Fig. 20 Rounding of Purkinje ce l l  in cerebellum  

(arrow). H&E^ X320





Fig. 21. Section showing a rea  of m alacia  in p a r t  of white 

m a t te r .  H&E X320.

Fig. 22. Section depicting sa te ll i to s is  of neurous (arrows) 

and pro liferation  of glial cells. H&E X320

Fig. 23. Section of brain showing sate lli tosis  and s tar ting

of neuronophagia (arrow) and glial cell accum ulation. 

H&E. X320

Fig, 2k. Section of brain in which a neuron undergoing 

neuronophagia (arrow). H&E X320





Fig. 25. Section of brain in which several neurous

undergoing neuronophagia (arrows). H5cE X320

Fig. 26. Brain section  showing a re a  of liquifactive  necrosis 

invaded by neuroglial ceils (arrows). H6cE X320

Fig. 27. Brain sec tion  showing subependymal accum ulation  

of round ceils, also no te  hyalinisation of wall of 

blood vessel (arrow). H&E X320

Fig. 28. Muscle trabeculae o f  h e a r t  covered w ith endothelial 

ce lls  from control fish. H&E X320.





Fig. 29. Loss of s tr ia tion  and focal necrosis (arrow) of heart 

m usculature from t r e a te d  fish. H&E X320

Fig. 30. Focal accum ulation  of in flam m atory  cell in heart 

m usculature  (arrows). H<5cE X320

Fig. 31. Section of gill larmellae from control fish. H&E X320

Fig. 32. Gill, a f te r  exposure to  le tha l concentra tion; note  the  

extensive necro tic  changes  of gill lam ellae  (arrows). 

H&E X80

Fig. 33. Section of necrosed  gill lam ellae  (arrows). H&E X320.
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d i s c u s s i o n

The study involved es tim ation  of approxim ate median lethal 

co n cen tra t io n  (LC^^) value of zinc for milkfish (Chanos chanos) and 

h istopatho log ical a l te ra t io n s  of tissues in d iffe ren t concentrations of 

zinc. It was fe l t  necessary  to e s t im a te  approxim ately for the

te s t  species  in order to  a rr ive  a t  sublethal concentrations of zinc.

P resen t study revealed th e  value was around 15 ppm for 72 hours

a t  salinity  20 ppt, pH 7.2 and tem p e ra tu re  2k - 28°C. The exact 

median le tha l co n cen tra tio n  (LC^q) could not be arrived due to  the 

non-availab ility  of requ ired  size group of fishes during the period of 

study. Taylor (198!) suggested  th a t  96 hour of zinc for marine

fish was betw een  ^ to  100 mg/I. Skidmore (1964) reviewed the varia­

tion of values, m ainly for d ifferen t species of freshw ater fishes. 

However, M etlev (1971) was of th e  opinion th a t 15 ppm of zinc 

was tox ic  for all fishes w ith in  eight hours.

H istopathological studies:

H istopathological studies of group -  i did not show any major 

a l te ra tio n s . The s t ru c tu re  of liver was very similar to th a t  described 

for norm al fish liver by Varichak (J938), Ferguson Ellis ^

(1976), Hinton and Pool (1976) and Ellis ^  al .̂, (197S). In group - ii, 

group - iii, group - iv and group - v the  liver samples revealed vacuolation 

of hepa tic  cells  from 10th day onwards. This vacuolation was present in 

all th e  t r e a te d  groups throughout the  experim ental period and increased 

severity  in proportion to  th e  tim e  of exposure and dose. Crandall andin



and Goodnight (1963) also reported the  sam e type of changes in hepatic 

parenchym a by prolonged exposure of zinc in fishes. Kumar and Pant 

(1981), Sultan and Khan (1981), B hattacharya  e ^  aL,(1985), Cruz and Tamse 

(1986), Razani e^  (1986a), Waster and Canton (1986, 1987), Ansari and 

Kumar (1987), Jambulingam (1988) have also reported hepatic  vacuolation 

in tox ic  condition associated with zinc, m ercury, copper, cadmium etc .

This study also supports the  same observations. In the  present study, 

the  vacuolation was proved to  be due to  f a t  accumulation.

Liver suffers from lipid accum ulation in a number of conditions 

like deficiency of oC-Tocopherol, lipotropic factors , excessive fa t  in the  

d iet and toxic damage to  the  liver which in te rfe re  with transport 

and metabolism of fa t  or protein synthesis in liver. Many of the  toxins 

like antimony, arsenic, cadmium, carbon te trachloride  e tc . ,  were reported  

to  have caused fa t ty  Jlver in higher v e r teb ra te s  (Runnells e t  ah , 1965; Meiss 

e t  a l., 1982; Jones and Hunt, 1983).

The heavy m etals  including zinc w ere reported to  have e f fe c t  on 

respiratory metabolism and protein synthesis of hepatic cells in fishes 

(Hiltibran, 1971; Shukia and Pande, 1986). However the ex ac t mechanism 

of zinc interference with hepatic cellular function was not studied in th is  

v/ork. Hence from the present study, i t  is very difficult to  arrive a t 

the  mechanism of zinc toxicity in the  liver of milkfish.

Pyknotic nuclei, karyorrhexis and o ther changes indicating necrosis 

of liver ceils were seen in all experim ental groups except control. This 

changes became more apparent and severe  as the concentration and 

period of exposure increased. It is believed th a t the  injurious e f fe c t  of
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the  toxin might have produced the  same resu lt. Severe necro tic  changes 

were observed in the liver of fish exposed to  lethal concentra tion of zinc 

by Kumar and Pant (1981). Necrosis of hepatocytes was a common find­

ing in many of the  studies involving heavy m eta l pollution and other toxic 

condition in fishes (B hattacharya e£ ah , 1985; Cruz and Tamse, 1986; 

Jam bulingam , 1988).

Intravascular coagulation and perivascular accumulation of fibrinous 

m ateria l observed in this study, have also been reported by some workers 

like Dj Michele and Taylor (1978), Fish generally has very high count of 

throm bocytes  in blood; hence fish blood clo t very rapidly (Ellis e t  al.,1978). 

A number of workers have reported  vascular damage as well as poor 

development of blood vessels in the  Jiver in zinc toxicity and other toxic 

conditions (Crandall and Goodnight, 1963; Ellis _et _al, 1976). Increased 

permiability of vasculature and in travascular clotting were observed in 

the  present study also. The changes probably may be due to  the  vascular 

damage which might have in itia ted  the  c lo tting  and exudation of fibrin.

Generally, necrosis is accompanied by inflammatory reaction and 

accumulation of leucocyte in the periphery of those a ffec ted  areas (Jones 

and Hunt, 1983). The leucocytic infiltra tion  which was observed in present 

study may be due to  an inflammatory response against the  necrotic  tissue.

In the control group, the  s truc tu re  of kidney was very similar to 

th e  euryhaline fish which was described by Ellis ^  ^^(1978). Occassionally 

some tubules showed degenerative changes and many glomeruli appeared 

congested. Since the  changes were mild in nature, they were considered 

not very significant.
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In group - ii, group - iii, group -  iv considerable changes were 

observed in glomeruli and tubules. Glomerular changes consisted of 

increased perm eability  leading to accum ulation of proteinaceous fluid 

in  Bowman's capsule, thickening of capilJaries, mesenchymal cell proli­

fe ra tion  and sciero tic  changes in glomeruli. Initially the  changes in 

Elomerull were charac te rised  by increased perm eability indicating 

vascular damage to  the glomerular capillaries. These glomerular changes 

were morphologically very similar to changes described for glomerulone­

phritis, in other v e r teb ra te s  (Cassey ^ ^ . , 1 9 7 9 ;  Slauson and Lewis,1979; 

George and Seshadri, 1983; Dones and Hant, 1983; George and Somvanshi, 

198^f). Glomerulonephritis was classified as membranous, acute 

proliferative, mem brano-proliferative and chronic sclerosing glomerulone­

phritis. The mechanisms of glomerular injury in glomerulonephritis 

is generally unknown. However, it is believed th a t injury results from 

immunologically m ediated inflamm atory reaction  a t  glomeruli. They 

include deposition of circulating antigen antibody complexes, autoimmune 

reactions and compliment activation (Heyman e^  ah , 1959; Lewis e t  al., 

1963, 1965; Cassey e t  al., 1979; Slauson and Lewis, 1979; and 3ones and 

Hunt, 1983). Glomerulonephritis is a frequen t condition observed in 

fishes during histological examination. However no proper study with 

reference  to its  etiology and pathogenesis has been done {Roberts, 1978). 

The changes like thickening of glomerular capillaries, hyalinisation of 

capillaries, dilation of glomerular capillaries, shrinkage of glomeruli and 

dilation of Bowman's capsule were also observed in experimental toxic 

studies on zinc, copper, cadmium, KMnO^, p  -  hexachlorocyclohexane 

e tc . ,  in fishes including milkfish (Kumar and Pant, 1981; Saxeria, 1981;



Cruz and Tames, 1986; Wester and Canton, 1986). The exac t mechanisms 

involved in glom erular injury in the toxic conditions of fishes need further 

e lucidation.

TubuJes in group - ii, group - iii and group - iv had undergone 

degenera tive  and necro tic  changes depending on concentra tion  of toxin and 

period of exposure. These changes w ere more severe in proximal tubules 

and consisted  of swelling, appearence of hyaline droplets and complete 

necrosis of epithelial cells. The tubular lumen contained hyaline casts.

The tubular changes described above usually occur in toxic and anoxic 

conditions. A large number of chem ical poisons like cadmium, copper, 

m ercury , arsenic, bismuth, chromium, potassium , dichromate, e tc . ,  were 

reported  to  have produced same conditions in higher animals (Runnells 

e ^ a h ,  1965, Jones and Hunt 19S3). The hyaline droplets, which appeared 

in many tubular ep ithelia l ceils were repo rted  to  have occurred in kidneys 

w here pro tein  leakage through glomeruli occurred  (Jones and Hunt 1983).

In th is  case also glomeruli were dam aged and Bowman's capsule contained 

the  proteinaceous fluid. Tubular degenera tion  and necro tic  conditions were 

common findings in many experim ental studies involving chem ical and 

insectic ide toxins in d ifferen t groups of fishes including Chanos chanos 

(Gardner and Yevich, 1970; Koyama ^ . ,1 9 7 7 ; Kumar and Pant, 198!; 

C ruz  and Tamse, 1986; Forlin e t  al., 1986). Findings in this study also 

support th e  sam e observations.

In group -  V, kidney changes w ere of the  nature  of degeneration. 

G lom eruli did not reveal any significant change. These mild changes may 

be due to  rapid death  of the  animals.



The brain of control group showed a few areas of neuronal degene­

rations. These changes were very mild, g ro u p  - ii, group - iii, group - iv 

and group -  v exhibited very severe changes. They consisted of neuronal 

changes like vacuoJation, pyknosis and m argination of nucleus, chromatolysis 

and in som e cases hyperchromatosis of neurons were also noticed. In many 

cases satelixtosis, neuronophagia, gliaj cells proliferation leading to glial 

nodule form ation were observed. Brain substance  revealed areas of liquefa- 

ctive necrosis and Wallerian degeneration of nerve fibre tra c ts ,  Oedema of 

the  choroid plexus with vascular changes w ere  also observed.

Very limited information is availab le  regarding the histological 

changes in brain of fishes in response to heavy m etal toxicity . Many organic 

compounds had induced necrosis, haem orrhages and o ther deleterious e f fe c t  

on nervous tissue of fishes (Di Michele and Taylor, 1978; Van Leeuven ^  

1986; Tripathi ^  ^ .,1987). Lesions of o lfac to ry  organs w ere observed in 

copper toxicity (Gardner and La Roache, 1973). Some studies involving 

sensory organs and behavioral changes in re la tion  to  heavy m eta l tox ic ity  in 

fishes indicated neuronal damage (Gardner, 1975). Ultra s tru c tu re  studies 

on brain cells from fish larvae exposed to  toxic conditions exhibited extensive 

damage of endoplasmic reticulum, m itochondria and nuclear membrane 

(Cameron and Smith, 1980; Somasundaram ^  al.,198^).

There were reports from ,the  studies of higher verteb ra tes  th a t  brain 

g e t  a f fe c te d  by chemical toxins like mercury, lead e tc .,  (Runnells ^ ^ . , 1 9 6 5  

Jones and Hunt, 1983). The findings of th is  study also agree with the above 

observations. In many experim ental fishes choroidplexus were oedematous.

The cap illa ries  and blood vessels were th ickened and hyalinised. These blood



vessels appeared leaky. Such conditions were not reported form fishes, •

Hepatopathy is known to produce brain lesions in higher vertebrates. 

The mechanism is believed to have operated through excessice production of 

ammonia (Hooper, 1972; Hooper ^  ai., )97U). In this study also all treated 

animals had hepatopathy. Whether this has caused brain lesions could not 

be ascertained a t present, because no study was undertaken about the 

metabolism and detoxifying functions of. liver in milkfish.

The heart revealed the normal structure in group - i as described 

by Roberts (1978). Heart in the trea tm ent groups revealed myofibrillar 

degeneration and necrosis with mononuclear. cell accumulation. The histo- 

pathological studies on cardiac muscle in fishes is very scanty. A study 

by Crandall and Goodnight (1963) on zinc toxicity indicated accumulation 

of inflammatory cells in cardiac musculature. In mammals, focal myocardial 

necrosis is a common finding in toxicity studies (3ones and Hunt, 1983),

The picture of this study also agrees with the above findings.

In group - i, gills revealed more or less normal architecture.

Group - ii, group - iii, and group - iv did not reveal any alterations compared 

to group - i. This finding is in agreement with the view of Crandall and 

Goodnight (1963) and Skidmore (196^). However, Tuurala and Soivio (1982) 

did not agree with the view of the above cited authors. In group - v, 

extensive necrosis and oedema of lamellar epithelial layer was noticed. Same 

changes were observed by exposing the fishes to  heavy metals including zinc 

and other toxic conditions (Skidmore and Tovell, 1972; Kumar and Pant,

1981; Sultan and Khan, 1981; Cruz and Tamse, 1986).
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In the  case of skele ta l muscle, Zenker's  necrosis was seen 

occassionaily in nr)uscie fibres of aJJ the  t r e a te d  groups. Crandall and 

Goodnight (1963) reported  the  underdeveloped and vacuolated skeletal 

muscles in fishes a f te r  prolonged exposure to  zinc. However, in fishes 

not much information is available regarding this aspect. In the case of 

spleen, eventhough many workers had reported  several changes like 

a lte ra tion  in size of melanomacrophage cen tre ,  necrosis, e tc . ,  no such 

changes were noticed in any of the experim ental groups.



S U M M A R Y

1. Milkfish (Chanos chanos) were co llec ted  from Kerala Agriculture 

University Farm and Matsyafed Farm  a t  Vypeen island were used 

for determ ining approximate value and histopathological studies 

for both lethal and sublethal concen tra tion  of zinc.

2. Median lethal concentra tion determ ined approximately was found to 

be 15 ppm zinc for 72 hours,

3. Histopathological studies were carried  out on liver, kidney, brain, 

heart,  gill, skeletal muscles and spleen.

4. The liver in ail t re a tm e n t groups (Lethal and various sublethal 

concentrations) revealed extensive vacuolation, necrosis, mononuclear 

cell accumulation, intravascular coagulation and perivascular fibrinous 

exudation.

5. The kidneys exhibited remarkable changes in glomeruli and in tubules. 

The glomerular changes were of th e  nature  of increased capillary 

permiability, basement membrane thickening of capillaries, shrinkage 

of glomeruli, increased cellularity and sclerosis of capillary walls.

The tubules generally showed degenerative changes leading to 

necrosis and accumulation of hyaline droplets in epithelial cells.

The tubular lumen contained proteinaceous cast.

6. The brain in acu te  toxic condition revealed congestion of blood 

vessels, vacuolation of neurons and necrosis of neuron. In



sublethal levels, the  changes were very significant. The neuronal 

degenerative changes like vacuolation, pyknosis of nucleus margi- 

nation of nucleus, rounding of cells and chromatolysis were present in 

all sublethal and Jethal groups. There were areas of liquifactive 

necrosis, satelJitosis and neuronophagia. These changes varied in 

severity  depending on the  concen tra tion  of zinc  in w ater and 

duration of trea tm en t.

7. Cardiac muscles showed changes like loss of striations, granularity 

of cytoplasm and foci of necrosis. These changes were seen in the 

initial stages of experim ent. But as the  duration increased, the 

foci of necrosis were numerous and were infiltrated with mono- 

nuclear celJs.

8. The gills of the  group which were tre a te d  with sublethal amount 

of zinc did not reveal much significant alteration compared to  the 

control. However, th e  gills of fishes in group which was trea ted  

with lethal amount of zinc revealed extensive oedema of the 

lamellae, necrosis and disquamation of epithelial layers of secondary 

lamellae.

9. The skeletal muscle of the  body wall in group trea ted  with lethal 

and sublethal amount of zinc showed foci of hyalinised muscle 

fibres indicating Zenker's type of necrosis.

10. Spleen from the t re a te d  groups did not reveal any significant 

changes.
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