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4. PREFACE

Aquaculture is a recent and fast growing food production industry.
Development of this sector is essential for increasing export earning and improvement
of Socio-Economic status of rural people. The fish and shrimp production by capture
have not increased per unit effort over a decade. The excessive pressure on the
capture sector by the increasing world population forced man to search for another
allernative namely aquacullure, which presently contributes substantially to global fish

production.

Aquaculture is an important industry in most of the countries, especiaily in
Asia. The attainment of high production from aquaculture depend on availability of
well balanced feed. Use of formulated feeds in aquaculture increases both production
and profits; considerably. Tlence, aquaculture feed industry has grown substantially.
More than 60% of the operating cost of aquaculture is estiimated to be spent as feed
cost and hence the efTicient use of such feed is essential. The use of artificially
formulated feed has its own risk factors also. It has been estimated that around 10-
25% of formulate feed was lost or unsuitable for use lor lack of adequate storage
facilities, transportation, bagging elc. Thus, the feed induslry faced a number of
hazards, such as losses occurring due to poor storage. The major problems are weight
loss, quality loss and biological contamination. Among this, the major risk arises from
contamination of microbial toxins in the feed. The use of toxin contaminated feed
leads to a reduction in the growth and production, adversely afTecting the stock as a

whole.

The microbial toxins of greatest economic importance in animal feed are
mycoloxins - metabolites of toxigenic molds. AFLATOXINS are the mycotoxins of
greatest concern because of their highly toxic and carcinogenic properties and possible

public health hazards.



The toxicity of fungi to a wide range of aquatic animals have been worked out
extensively. In general, the effects of toxic compounds on aquatic animals were
considered (o be direct, indirect or induced. Toxicity may be cither acute or chronic.
Chronic exposures causes 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.

Pathology is now a part of toxicology. (Couch, 1985). Based on an easily
reproducible techniques, histopathological studies yield basic information on tissue
disorders related to the general state of the organisms and assess the host’s
susceptibility to infectious disease and parasitic infestations. Some of these
parameters serve as indicators of the effect of Xenobiotics contamination in aquatic
animals also. Histological, Cytologtcal and Cytochemical responses observable from
animal tissuc sections, form an important link between eflects at the biochemical level
and those mcasured in the whole organisms. Standard histopathological approaches
which are useful in providing an overall picture of the degree of distutbance within the
organ system concerned, are thus an integral part of studics on the eflects ol external

stress on organisms. (Lowe, 1988).

In tropical countries, especially in India, where aquaculture is still developing,
it is common to observe pelicted feeds that are being produced with inappropriate
procedures for bagging, transport and storage. These factors in conjunction with the
high temperature and levels of humidity are causes of the presence of fungal growth

and potential for aflatoxin production.

The objective of this study are to, determine the elfect of dictary aflatoxin By

(AFB,)) on

I Survival and Behaviour,
2. External and histopathological changes and,
3. Haematological changes in Oreochromis mossambicus.
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I1 INTRODUCTION

Fungi make up a large part of the plant kingdom and are ubiquitous in
occurrence. They have been known for many years to produce toxic metabolites with
powerful effects on micro-organisms and live stock. Fungi produce toxins comimonly
known as mycotoxins. The disease produced by them are cither by contact or
ingestion and are called Mycotoxicoses. The best known of this mycotoxins are
afatoxin, which are known to be highly toxic as well as carcinogenic to a wide variety

of organism, including some species of fish. (New, 1987).

The toxins produced by mold are broadly classified as unephrotoxins,
hepatotoxins, neutrotoxins depending on the hematological effects and general
digestive disorders they causes. Aflatoxins which are an unique group of highly
uns:a.l.uraled compounds, low molecular weight, with coumarine nucleus comes under

the hepatotoxin and targets its activities mainly on liver. (Borker et al., 1966)

At lcast a dozen strains of aflatoxin producing aspergilli and one Penicillium
are known, but the amount and types of aflatoxin produced found to be variable.
(Adye et al., (1964), Austwick et al., (1963), Codner et al., (1963), lartley et al,
(1963), Hodges et al., (1964), Spensley (1963). To date, only three species of fungi

have been reported to produce aflatoxins. They are Aspergillus flavus (Link),

10



A.parasiticus and Penicillium puberculum (Bainer). Among these Aspergilius flavus
! / g [erg

have been cxtensively studied.

Relatively little appears to have been published regarding the actual field
conditions required for aflatoxin production.  The most important environmental
parameters in the growth of Aspergillus flavus in feed are temperature and moisture.
Spensley (1963) reported that the mold will grow at tropic temperatures (30°C) at
about 80 to 85% relative humidities and above. Davis and Diener (1969) reported that
lower temperature for aflatoxin production was 12°C and highest temperature was

41°C at a relative humidity of 99%.

It was reported that aflatoxin contamination occurred on a number of feed
ingredients such as wheat, rye. buck wheat. corn, cotton seed, potatoes, ground nuts
and soybeans. (Armbrecht et al ., 1963, Bampton 1963; Burnside et al., 1957; Genest

et al., 1963; Richmond et al., 1962 b, Van Der Merwe et al., 1963).

There are eighteen compounds in the aflatoxin family, some of these occur
nalurally in leed stulls and feeds, others are metabolites formed in the animal body
aller ingestion of the contaminated feed (StolofT, 1976). Aflatoxin is a collective term.
There are at least four important types of aflatoxin® By, By, Gy and G, named
according to the fluorescent colour when thin layer chromatographic preparation are
viewed under UV light. The intensity of fluorescence is inversely proportional to
degree of induced toxicity. (Carnaghan et al., 1963). Among these aflatoxins B,

(AFBy), is more potent toxin and commonly produced in Aspergillus flavus strains .



The effect of allatoxin vary considerably from species (o species. Common
effects on animals are poor growth, liver damage, impaired blood clotting, decreased

immune responsiveness and increased mortality (Allcroft, 1963).

The afllatoxin path-way was similar to any other toxin. The allatoxin ingested
through the contaminated food reached and accumulated in the blood and organs. The
bioaccumulated mass of the toxin at lethal level leads to death of the individual where
as at the sublethal level it leads to immuno-toxicity, genetoxicity, carcionogenicity,
teratogenicity and other functional effects. The level of exposure mainly depended on

the dose of the toxin, duration, age and size of the animal (Boudou et al,, 1983).

The studies on aflatoxicosis in aquatic animals began about 1960, with trout
epizootics in the United States. (Ashley and Halver, 1961; Woll and Jackson, 1963).
These investigations were made exclusively on cold water fishes, especially in

Salmonids. (Abedi and McKinely, 1968, Halver, 1969).

The toxicity of aflatoxin have been studied in different species of fish such as
Salmonids, majorly rainbow trout (Oncorhiynchus mykiss), Chan.nel catfish (Jctalurus
punctatus, Common Carp (Cyprinus carpio) and Nile tilapia (Qreochromis niloticus).
(Ashley and Halver, 1961, 1963; Ashley et al, 1964; I1alver et al., 1966, Jackson et
al., 1968, Abedi and McKinely, 1968; Halver 1969; Ashley, 1970; Sinnhuber and
Wales, 1974; Wales, 1979; Svobodova and Piskae, 1980; Hayward, 1986, Jantrarotai

et al., 1990; Oliva et al., 1991; McCha'vze et al | 1994).



Hepatotoxicity and carcionogenicity are the major characteristics of aflatoxin.
Among the organs, liver has been found to be target organ in poisoning due to
aflatoxin. (Ashey and Halver, 1963; Burtler et al. 1964; Wellings, 1969; Ashey, 1970).
Acute hepatocellular necrosis appears to resull from the interaction of allatoxin at a

number of intraceliular sites (Simon ¢t al., 1967).

Sinnhuber et al., (1968); Rogers and Newbern {1969); Ghittino (1976) have
reported necrosis, fibrosis and ductular proliferations in advanced tumors induced by

aflatoxin By in rainbow trout (Oncorlhynchus mykiss)

Halver (1969) reported the liver neoplasms, necrosis of hepatocytes and
degenerative, changes in the pancreatic tissue in rainbow trout due to the prolonged
feeding of aflatoxin at a level of 0.4 mg/kg in the diet. Many of the cffects of the
aflatoxin related to their reaction with nuclear proteins so that they interfere with

protein formation and maintenance of cellular integrity. (Patterson, 1976).

When relatively high levels of aflatoxin B, are administrated to fish, the result
was rapid, acute liver necrosis. Acute aflatoxicosis resulled in Coho Salmon and
rainbow trout by aflatoxin contamination in the feed. (Halver et al., 1969, Doster et

al., 1972) respectively.



Bauer et al_, (1969) found the intraperitoneal LLDs, dose ofl aflatoxin By (AFB;)
in rainbow trout was 0.81 mg/kg body weight. Among the aquatic animals, especially
in fishes, rainbow trout shows the extreme sensitivity to aflatoxin B,
(AFB,).(Sinnhuber et al., 1969; Halver 1969, Ashley, 1970; Lee et al., 1971). Signs of
severe aflatoxicosis in rainbow trout are liver damage, pale gills and reduced

erythrocyte concentration. (Ashley, 1970).

The carcinogenic properties of aflatoxin depended upon metabolic activation to
DNA alkylating agent, presumably the 2,3 epoxide, now generally accepted as the
bacterial mutagen and proximal carcinogen. (Patterson, 1976). The carcinogenicity
of aflotoxin was well documented in rainbow trout. A number of workers reported
incidents of hepatoma in rainbow trout by the dictary contamination of allatoxin at a
low level for a long duration. Trout hepatoma was reported by Nigrelli and Jakowska
(1961), Wood and Larson (1961); Ghittino (1967), Rucker et al., (1961), Simon ¢l

al., (1967), Wales (1967), (1970), Codegone et al_, (1968) and Ashley (1965),(1970).

Sinnhuber and Wales (1969) reported high incidence of hepatic carcinomas in

rainbow troul hatching out of eggs when they were immersed in aflatoxin By (AFB,)
. Mk gt ]
solution of 0.5 ppm. LRz ARY
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Bauer et al., { 1969) reported that the gross pathological signs of aflatoxin B,

in rainbow trout are weakness, darkening in colour, internal multiple haemorthages in



fat bodies and intestinal walls. The livers were pale yellow to white and histologically

they displayed severe necrosis.

Channel catfish showed lower sensitivity to aflatoxin B, (AFB,) than rainbow
trout. (Halver, 1969). However, acute hepatoloxicity in channel catfish were reported
recently. The liver was damaged and vital organs like intestine, stomach, kidney, and
spleen were also affected. Subacute toxicity caused depression in growth, anemia and

liver necrosis in Channel catfish (Jantrarotat et al | 1990a b).

In tilapia culture a wide range of neoplasms has been observed with high

aflatoxin levels, (Halver, 1969, Roberts, 1989).

The cffects of dietary aflatoxin in Nile tilapia Orcochromis niloticus was
reported by Ma.C Cha’vez, et al., (1994). The toxic effect was fatly degencration,
necrosis and fibroblast in the liver. Growth depression was also observed at higher
dietary aflatoxin level. Generally, tilapia seems 1o be less sensitive to allatoxin 3 than

Salmonids.

Effects of prolonged exposure to subacute toxic levels of dietary aflatoxin in
tilapia Oreochromis mossambicus, however has not been studied. In view of this, the
present study was taken up to findout the histopathological, and haematological
changes caused by aflatoxin in the vital organs such as liver, kidney and spleen of

tilapia Oreochromis mossambicus.



l MATERIALS 86 METHODS '



T_“_ MATERIALS AND METHODS

5 .4 Experimental Protocol

~ Healthy Oreochromis mossambicus with mean body weight of 50-60 grm
caught from CIBA, Narakkal, were used in this study. About 60 lishes were
maintained in a set of plastic tubs. Fifteen, 50 | plastic tubs each equipped with an air
supply were stocked with six tilapia. The fishes caught from brackish water were
gradually acclimatized to fresh water and fed with a formulated pelleted feed (a) 2% of

body weight twice daily. Triplicates were maintained for each treatment (Plate 1).

Animals were acclimatized Lo accept feed for two wecks before being fed the
experimental diets for 30 days. Prior to start of feeding experiments, the animals were
starved for |v;fcnly four hours. Afler segregation into group ol uniforny size, the initial
body weight of the animal were noted.  Seventy five (75%) per cent of water was
changed daily. Daily' survival was noted and feeding was regulated based on it. Care
was taken during fecding to provide only a small amount of diet at a time to ensure
that the fish consumed the diet offered. During the two weck acclimatization period of

the fishes were observed daily for unusual behaviour, morphological changes and

mortality.

Water quality parameters were also checked on aiternate days. The mean

temperature during the trial was 27+ 1°C. Prior to starting the feeding experiments a



set of animals were sacrificed and analysed for their normal hiystological and

haemaltological conditions.

5.g, Preparation of Diels

Three test diets and | control diet were prepared.

3_,,_1 Compaosition of the diet (Table I)

The diet ingredient composition was similar to the used commercially except
that GNOC was substituted by coconut oil cake to avoid any other source of AFB, in

the diet.
Ingredients
Fish meal
Soybean flour
Coconut oil cake
! Vitamin mix*
Mincral mix**
Lipid .
Tapioca flour
Getealin (binder)
* contain Vilamin B,
B,

B

Nicotinninamide

Calcium pantothenate

Folic acid

Vitamin By,

Vitamin C

Level of incorporation (gm/100 gm)

1

15
25

1O

20

10 mg.

10 mg.
Img
100 mg.
S0 mg.
1500 mcyg,
15 meg

150 mg.

** OSSOPAN Granules. TTK PHARMA LIMITED



All the dry ingredients except tapioca flour were thoroughly mixed. Tapioca
flour was gelatinized, cooled and added to the dry mixture to make a dough of uniform
consistency. The dough so made was extruded using a kitchen noodle maker with a
dye of 2 mm pore size. The feed strands were oven dried, crumbled and stored in air

tight containers and used.

3.9,_.1,, Preparation of experimental diet

A single mix of the ingredient was divided into four 1000 gm fractions, each of
which received a specified dose of allatoxin B, (AFB) from a stock solution
containing 100 pg/ml. To the basal diet respectively 0, 1500, 5000 and 15000 jg of

aflatoxin was incorporated.

3 -.3.Preparation of stock solution

The aflatoxin B; (Sigma Chemicals Company, St. Louis, Missouri) was
dissolved in Chloroform and diluted 1o 200 mi in a volumetric flask to yield a
concentration of 0.1 mg aflatoxin B (AFB,)/ml of Chloroform. Thus the following

stock solutions were prepared, 1.5 ml, 5 mland 15 ml.

S.z.ﬂcg_rporation of Aflatoxin into the diet

The required amount of aflatoxin B, (AFB,) measured in a measuring cylinder

which was dissolved in to the oil portion of the diet ingredients. Then the Chloroform



was evaporated, so as to prepare the dose levels equivalent to 0, 1.5, 5 and 15 mg/kg

diet.

4. Sampling.
During the experiment two samples from each (reatment were two wecks
intervals. The fish were weighed and examined for signs of aflatoxicosis. At the end

of the experiment, the number and weight of fish in each treatiment were determined.

5.1 istological and 11acmatological Studics

Blood was collected from the caudal vein using heparinised 200G needles and 2
ml sterilized heparinised (0.1 ml of 25,000 [ Feparin) plastic syringes, from each
treatment for haematological studies. Subsequently the fish were killed by pithing and
examined internally for signs ol allatoxicosis. The liver, kidney and spleen were
dissected and fixed in 10% buffered formalin for twenty four hours. The tissues were
dehydrated in ascending grades of alcoliol and cleared in chloroform and embedded in
paraffin wax. Sections ol 62m thickness were cul using a rotatory microtome. The
sections were stained with Ilaematoxylin and E(“rSiT'I (1 & 1) (Drury and Wellington,

1980). The slides were examined under the microscope and photomicrographs taken.

5.2 Determination of the number of Red Blood Corpuscles

The blood was drawn in to a R.B.C. counting pipette, up to the 0.5 mark and
the dilution - solution, Hayem's dilution medium (Sublimate-0.5, Sodium Sulphate .5,

Sodium Chloride - | and distilled water 200 mil) was drawn up to the 101 mark. Blood

20



mixing in the pipette was carried out gently swinging the hand for 2-3 minutes. After
thorough mixing, introduced into a hemocytomelter and counted under a microscope

(Objective X 40). Erythrocytes were counted in 25 squares.

5.3.  Determination of the number of white blood corpuscles.

The leucocyte (L.C) was obtained by the method of SHAW (Shaperclaus,
1986).

Blood was drawn up to the 0.5 mark of a R.B C counting pipette and the
dilution mixture of crystal violet and neutralred was drawn in to the pipette up to the
101 mark. The pipette was gently revolved lor 2-3 minutes and the blood was
introduced in (o a hemocytomeler and counted under microscope (Objective X 40).

L.eucocytes were counted in 4 large squares,
54, Preparation of Blood smear for differential counting.

Blood smears were prepared on clean grease free and sterilized glass slides for

differential lcucocyte counting,

5.4.1. Staining Procedure

The staining procedure adopted for cytological study was from Pappenheim
[combined May-Grunwald staining; Schaperclaus, 1986] for obtaining a differential

count of the leucocytes.

21



Air - dried smears on glass slides were fixed with methanol, keep for one
minute. It was stained first with undiluted, filtered May-Grunwalds Gicmsa stain
(Merck chemicals) for three minutes. Then the slides were covered by de-ionized glass
double distilled water, mixed carefully and kept for one minute. Aller decanting the

'
stain-double distilled water mixture, the slides were stained with filtered diluted
Gicmsa- stain (Merck chemicals). Ten drops in 10 m! double distilled water for 30-45
minutes. The slides were then thoroughly washed with de-ionized double distilled
water, air dried and mounted in DPX (Ranbaxy Chemicals). The mounted slides were

observed under the microscope (Objective X 100 with oil immersion objective) and

photomicrographs taken.

22



l RESULTS '
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RESULTS

l. Behaviour and External Changes

During the thirty days in which the experimental diets were administrated in
feed, consumplion clearly diminished being more drastic during the first cight days
with diets containing 5 and 15 mg aflatoxin B/kg of diet respectively. Fish refused to
eat the aflatoxin By{AFB,) containing diet while they accept the basal diet. ‘The fish
were on lowest concentration of aflatoxin 3, (AFB,) accepted the feed though at a
reduced rate. At the end of the experiment, control fishes showed some fin and tail-rot
conditions. No other external and behaviour changes were observed during the

experimental period.

The livers of some lish fed the highest concentration of aflatoxin B, showed
focal congestion and hacmotrhages.  The liver was pale yellow in colour in group 11
and group IV animals. These animals received the doses of 1.5 and 15 mg aflatoxin B,
(AFB))/kg of diets respectively (Plate 11). The kidney and spleen appeared not to

have developed any abnormalities. Most of the time the intestine remained emply.

24



3 Histopathological Studies

Vital organs such as liver | kidney and spleen from four groups of fishes,
sacrificed on 15th and 30th days afler exposure were subjected lo detailed

histopathological studies. Salient histopathological observations were described for

each organ.

a. Liver

Group |

Liver of group I which formed the control did not reveal any major alterations
(Plate 111). Normal architecture of parenchyma was observed. The hepatocytes were
polyhedral in shape having a cemtral vasicular nucleus.  The hepatocytes formed

irregular cords which were separated by sinusoids lined with endothelial cells.

Group 11

The liver tissue afler 15 days exposute revealed vacuolation and hepatorrhexis.
The samples collected on 30th days showed necrosis of hepatocyles and loss of
architecture of parenchymal cells in the fiver (Plate 1V). The destruction of pancreatic

cells and complete necrosis were observed in the liver sections.

Group 111

25



In this group, hepatic cells had undergone similar vacuolar changes by 15th day
as i group 1. The liver sections observed after 30 days showed severe necrosis in

hepatocytes, vacuolization and focal regeneration of hepatic cells (Plate V).

Group 1V
The liver sections showed complete and total necrosis, loss of architecture of
lobules, destruction of pancreatic cells. The sections taken after 30 days revealed

acute degencrative changes of hepalic cells with extensive area ol necrosis (Plate V1),

b. Kidney

Group 1

The kidneys were composed of excretory, haemopotetic and reticulo
endothelial tissues. The nephrons consisted of a well vascularised glomeruli which
were congeslgd. The glomeruli were surrounded by Bowman’s capsules which were
lined by squamous epithelial cells. The Bowman's capsule continued through a ciliated
neck. Two proximal segments, one with basal striations which were separated by a
ciliated segment were seen. In addition to these tubules there were distal segments to
the :oolleciing ducts. The proximal ducts were more eosinophilic in staining and the
proximal scgment of the tubule were lined by low columnar epithelium with
indistinctive borders. lnterstitial space was occupied by actively dividing haemopoietic
tissuc and clements of adrenal tissues. Numerous melano-macrophage centres were

also seen,

20



In this group, the architecture of the kidney did not show any major changes
except congestion of the glomerular capillaries and occasional degeneralive changes in

tubules (Plate VII).

Group 11
The samples collected on 15th day revealed no change in glomeruli from that of
control. The architecture of the kidney didn’t show any major changes. Some f{ocal

arca of parenchymal necrosis were observed  In the 30th day samples some severe

changes were observed (Plate VIII).

Group 11
In this group, the kidney sections showed not much change, but desquamation
of kidney tubular cells were observed in some areas. Tubular cpithelia were

desquamied aller 30 days treatment (Plate 1X).

Group IV

In this group, extensive tubular necrosis, mesenchymal cell proliferation were
seen on [5th day of exposure Complete destruction of tubular cells and glomeruli
resulted. Desquamation of cells and complete loss of architecture of the kidney

tubules were observed afler 30 days of exposure (Plate X).

.C. Spleen

The spleenic capsule was fibrous and devoid of muscle. The spleen were

composed of ellipsoids, the pulp and the melanomacrophage centres (MMCO).

27



Ellipsoids was thick walled filter capillaries which resulted from the division of
spleenic arterioles. Each comprised a thick basement membrane-bound tube with in
which the vessel runs, separated compartments.  The spleenic pulp contained
sinusoildal phagocytic tissue similar to that of the kidney, in which farge numbers of

erythrocyte may be held and hacimopoietic tissue supported argyrophilic fibres.

In group 1, sample sections showed normal architecture of spleen (IMate X1).

Group 1

The spleen didn’t show much changes in this group of animals. But vacani
areas were observed in the spleen section on 30 daystreatment. Rarefaction of the
parenchymal cells were also observed. A number of cells were reptured. The

ellipsoids didn’t contain much normal nuclear cells. (Plate X11)

In this group, spleen showed not much changes. But rarefaction of lymphoid
tissue and reticulo-endothelial cells were observed in samples from specimen on

subjected (o 30 days exposure (Place XI11)

Group 1V

The spleen samples from this group of animals showed severe necrosis after the
30th day toxin exposure. Rarefaction of lymphoid cells and loss of architecture were

also observed (Plate XIV).
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IV.  llaematological Studies

Changes in erythrocyte, leucocyte and diflerential feucocyte counts were
examined. Blood samples were taken on 15th and 30th day after the exposure (o
aflatoxin B1(AFB,) and were subjected to detailed hacmatological studies. The values

in erythrocyte and leucocytes in different groups was tabulated in (‘Table 11).

Group I:
The group 1 fishes were fed with control diet. This group of fishes revealed a
total erythrocyte count varying between 2.86 million cells/mm’ and 2.91 milli/mm’

with a mean of 2.86 million cells/mm’ . The total leucocyte counts varied between

14,000 an 13,000 with a mean of 13500 cells/mm’

Group 11
This group of fishes revealed a total erythrocyte counts ranging from 3.01
million/mm’ to 1 80 million/mm® with a mean of 241 million/mm®, where as the

leucocyte counts ranged from 12000 to 7000 with a mean of 9500 cells/mm’

Group IV
The fishes from this group revealed a total erythrocyte counts varying between

2.73 and 1.92 million/ mm® with a mean of 2.33 million/ mm’ . The leucocyte counts

ranged from 97000 to 8000 with a mean of 8875 cells/ mm’
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Group 1V
This group of fishes revealed a total erythrocyte counts varying between 3.12
and 2.03 million/mm” with a mean of 2.58 million/ mm' . The total leucocyte counts

ranged from 11000 to 6000 with a mean of 8500 cells/ nun".

The difference in erythrocyte, leucocyle counts at different levels ol aflatoxin
exposure al different intervals were observed and it was represented in histograms - 1

and 11 respectively.

The differential leucocyte counts of blood cells showed the normal composition
of leucocytes. The major components of leucocytes was lymphocytes (00-70%),
neutrophils (6-8%). Monocyte (0.1%) and Basophils (1-3%). The lymphocytes 60-
70% lymphocytes counts were higher in all the experimental groups including control

fish.

The composition of differential leucocytes count didn’t show much different in
all the aflatoxin B, exposure groups.

The composition of white blood corpuscles was shown in (Table I1I).
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DISCUSSION

The study involved changes in the morphological, behavioural, haematological
and histopathological alleration in fishes at different concentration of aflatoxin

Bi(AFB,) exposure for a period of 30 days.

All the experimental fish appeared normal and healthy after being f'e.d the
experimental diets.  This condition has been reported by different authors in different
fishes. Wood and Larson (1961) in rainbow trout; Jantrarotai et al., (1990) in channel
cat fish and MaC . Cha’vez el al., (1994) in Nile tilapia. During the present study, it
was observed that the fishes were showed some abnormal behaviour by not accepting
the feed with aflatoxin B(AFB,) component during the first few days. Afler that they

showed norimal behaviour.

Ma C.Cha’vez el al., (1994) noliced in Nile tilapia, there was poor intake of
feed when they were fed at difTerent levels ol aflatoxin B|(AFB;). Poor intake of feed
was also reported from shrimp Panaens vannamei (Wiseman et al., 1982) and Channel
cat fish, lctalurus punciatus (Jantrarotai et al., 1990). In the present instance also
poor intake of feed at higher levels of aflatoxin B; (AFB,) was noticed. These

observations are in agreement with the results obtained by the authors loc. site.

Highmortality was observed in different species of fish including tilapia by a

number of authors. (Abedi and Mckinely (1968), Tlalver et al., (1969), Jantrarotai et
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(AFB,). The samne kind of result were obtained by Ashley (1965) in rainbow trout

which were fed with high levels of crude aflatoxin.

The precancerous lesions and ductular proliferations was reported by many
authors, but were not observed in our study though severe necrotic changes occurred
in all the concentrations of aflatoxins By (AFB,) exposure. The hyperaemia due to
aflatoxin By in diets was reported by Ashley (1965), Halver (1969) and Ashtey (1970).

This was not observed in the present study.

Aflatoxin By (AFB,) in rainbow trout caused hypertrophy of pancreatic acinar
cells and later desquamation {(Ashley , 1965). Ilowever, in the present study it was

observed that the aflatoxin B, (AFB;) completely destroyed the pancreatic acinar cells.

In the ‘control group, the structure of kidney was very similar to euryhaline fish
which was described by Elli's et al., (1978). Occasionally some tubules showed
degenerative changes and many glomeruli appeared congested. Since the changes

were mild in nature, they were considered not very significant.

The pathological alterations in kidney tissue sections was reported by a number
of authors. Ashley (1965) reported haematopoictic kidney with focal hyperemia and
mild hyperplasia of adrenal cortical tissue. The excretory kidney had increased
cellularity of glomeruli with occasional epithelial crescents. A [ew shruken glomeruli
surrounded by widened Bowman’s spaces were also present. Jantrarotai et al., (1990)

reported that sinusoid in the kidney of profile in channel cat fish. Ma €. Cha'vez et
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al, (1990)). However in the present study the mortality rate of control fish was higher

hence mortality would not be linked to aflatoxin exposure.

Histopathological studies of group 1, didn’t show any major alterations. The
structure of liver was very similar (o that described for normal fish liver by Varichak

(1938), Ferguson (1974), Hinton and Pool (1976) and Elli’s et al., (1978).

In group I{ Illand IV the liver samples revealed vacuolation of hepatic cells
from the [5th day on wards This vacuolation was present in all the exposure groups
through out the experimental period and increased in severity in proportion to the time

of exposure and dose. (Halver et al | (1966), Ashley, (1965 & '70), Halver, (1976).

Simon el al., (1967), Sinnhuber et al | (1908), Rogers and New berne, (1969),
Ashley, (1965 & 70), Sato cf al., (1973) and Ghittino (1976), have reported necrosis,
fibrosis and ductular proliferations in advanced (umors induced by aflatoxin.
Jantrarotai et al., (1990) and Ma C.Cha'vez et al, (1994) have also reported foci of
necrotic hepatocytes mixed with basophilic hepatocytes in channel cat fish and Nile
tilapia respectively Necrosis of hepatocytes was a common finding in many of the
studies involving all toxic conditions (Bhattacharya et al. (1985), Jambulingam,
(1988)). In this study, necrosis of hepatocytes were observed in all the experimental
groups except control. These changes became more apparent and severe as the
concentration and period of exposure increased  Severe and massive necrotic changes

were observed in the liver of fishes exposed to all the concentrations of aflatoxin Bl
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al., (1994) reported congestion and shruken glomeruli of kidney in Nile tilapia. The
same resull was observed in experimental groups | and 1 aller 15th day aflatoxin B,
(AFB,) exposure. But later on severe necrosis and loss of cell architecture was

observed in higher doses of aflatoxin B exposure for a long duration.

Ashley (1965) reported the pathology of spleen at higher exposure of aflatoxin
B(AFB,). In his study, he has reported that hyperaemia was severe and reticular
proliferations composed of more or less spindled reticulum cells. In the present study,
the changes in the spleen of the aflatoxin 13; (AFBB,) exposed fishes were not far
different from those of the control. But vacant areas and rarefaction of lymphoid and
reticulo-endothelial cells were observed. It indicated that, there might be an
impairment or suppression of immune system due to the structural abnormality of the

spleen.

For haematological studies, changes in erythrocyle counts, leucocyte counts
and differential leucocyte counts were examined. Marked reduction in erythrocyte and
leucocyle counts in all treated groups was observed when compared to those of
control fish  Jantrarotai et al . (1990) observed leucocytes counts in aflatoxin 13,
(AFB,) fed fishes increase considerably. But in the present study, it was noticed that
initially there was rise in leucocytes counts and as exposure time advanced leucocyles

counts decreased considerably  This would have considerably effect on the animals

resistance against infectious disease.



The anemia appears to be primarily haemolytic because haematocrit
haemaglobin concentration and erythrocyte counts dropped. However. the necrosis of
hacmapoietic tissues observed in some organs might also account for part of the
anemia. Severe anemia due to the exposure of aflatoxin By (AFB,) was reported by a
number of authors. (Hoerr and ()" Andrea (1983); Plhumb et al | (1986) and Jantrarotai
et al . (1990)). Jantrarotai ¢t al | (1990) reported severe anemia in channel catfish due
to acute aflatoxicosis.  In the present study, severe anemia was not observed. But
some anemic conditions were exhibited by the animals exposed to higher concentration
of allatoxin 3, (AF1}y). The crythrocytes were reduced in treated groups compared to
control. This mild anemia might have resulted lrom the necrosis of the haemopoietic

organs or from less consumption of feed.

Differential leucocyte counts did not vary between groups. There was no
published reports regarding the effect of allatoxin B; (AF3) on differential leucocyte
counts of blood cells of fishes. Therefore, it may not be pussible to draw conclusions
based on these observations made during the limited period of this study Hence more

detailed work on this subject is needed.
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SUMMARY

1. Tilapia (Oreochromis mossambicus) were collected from CIBA, Narakkal
were used for determning survival, behaviour, gross pathological, histopathological

and hacmatological studics

2. The flishes from all the groups showed normal behaviour. A clear reduction in
feed consumption observed was directly related to the aflatoxin B, (AF13)) level during

the first few days of the experiment.

3 Gross pathological changes in liver revealed focal congestion and
haemorrhages in fish which received higher concentration of aflatoxin By exposure.

Pale yellow colouration in liver was also observed in those fishes.

4 Histopathological studies were carried out on liver, kidney and spleen.

5. The liver in all treatment groups revealed extensive vacuolation and necrosis.

Focal regencration of hepatic cells were also observed in some fishes which received

diet contained the lowest concentration of allaloxin B, (AFB,).

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

tubules generally showed degenerative changes leading to severe necrosis and

desquamation of cells.
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7] The spleen from the group of fishes exposed with aflatoxin B, (AFB,) did not
show much damages. The section of spleen showed vacant areas and rarefaction of
parenchymal cells, where as in the fishes exposed to the highest dose revealed

rarefaction of lymphoid tissue and reticuloendothelial cells leading to severe necrosis.

8 Hacmatological studies were carried out on erythrocyte counts, leucocytes
counts and differential leucocyte counts. The fishes from all the groups showed
anemia and leucopenia.  Changes in differential leucocyte counts in all the treated

groups was not significant.
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AFB1 RBCunillion/um) WEBC (1000/aun){ RBC WBC
Fish doses Sampling on Sampling on milliow/mm” | FOOO/mm®
(mg/kg dic) | 15" day | 30™ day 1S day | " day | (meam) (mean)

Conirol 0 291 2.86 14,006 13,000 2 86 13,500
Group! L5 3.0l 1.80 12,000 7.000 241 9.500
Groupll S 2.73 192 9.75( R.000 233 8.875
Groupill 15 312 203 11,007 6,000 2.58 8.500
Table [l - Counts of Lrythrocyfes and leucocyles at diflerent fevels of AlE,

exposure al dilTerent infervals.

Doses of l.eucocytes in percentage
Fish AF3, Lymphocyic Monocyle Nentrophil Basophil | Lsinophil
(mp/kg of dict)
Control | 0 04 6 25 5 0
Group! | 15 77 k) 16 4 0
Groupll | 5 65 11 16 8§ 0
Grouplll] 15 70 1 29 0 0
Table 1 : The composition of white blood corpuscies .
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PLATE : 1

Experimental Set-up



PLATE : 1l

Gross pathology of liver of normal fish

PLATE : 111

Liver

Gross pathology of aflatoxin By (AFB,) exposed groups



PLATE : IV

Section of liver showing normal hepatocytes (xz.och !



PLATE: V

Section of liver showing vacuolation and
necrosis of hepatocytes

(x200)



PLATE ; VI

Section of liver showing necrosis of hepatocytes

(x200)

PLATE : VIl

Section of liver showing severe necrosis and loss of architecture

(x400)



PLATE : VIII

Section of the kidney showing normal architecture (xZOO )



PLATE : IX

Section of the kidney showing congestion of glomeruli and

occasional degeneration of kidney tubules (1300)



PLATE : X

Section of the kidney showing necrosis and vacant areas (x .ZOD)



PLATE : X1

Section of the kidney showing desquamation of tubular epithelia (s\cm)

PLATE : XII |

Sections of the kidney showing extensive tubular necrosis and

complete loss of architecture(x 400



PLATE : X1

Section of the spleen showing normal architecture. (x 3.00)

PLATE : XIV

Section of the spleen showing vacant areas in ellipsoids (."2'00)



PLATE : XV

Section of the spleen showing rarefaction of lymphoid tissue (x:aoo)



PLATE : XVI

Section of the spleen showing rarefaction of lymphoid tissue
and reticulo-endothelial cells CX.ZUO)



REFERENCES l

46



M. REFERENCES

ABEDIZ 1 and PM. SCOTT. 1969 Detection of toxicity of aflatoxin,
steripmatocystin, and other fungal toxins by lethal action on zebra fish larvae.
JAOQAC 52:962-969.

ABEDI Z 11 and Mc KINELY. 196R : Zebra fish eggs and larvae as aflatoxin bioassay
test organisms. J A O.AC 51 - 902-905

® ADYL, ), and R1. MATELES. 1964, lncorporation of labelled compounds into
aflatoxins. Biochem. Biophys. Acta. 86:418-420

ALLCROFT, R. 1964. Symposium on Mycotoxins in Foodstuffs, MIT, Cambridge,
massachusetts. March 18-19. '

ALLCROFT, R, and G. LEWIS, 1963. Groundnul toxicity in Cattle: Experimental
poisoning of Calves and a report on Clinical effects in Old Cattle (with
addendum by K. R Hall). Vel. Record. 75 487-494,

ARMBRECHT, BIL, F. HODGES, R. SMITII, and A. NELSON. 1963. Mycotoxins
1 Studies on aflatoxin derived from contaminaled peanut meal and certain -
strains of Aspergillius flavus. ). Assoc. Offic. Agr. Chem. 46:805-817.

ASITLEY 1. M | 1965 llistopathology of rainbow trout aflatoxicosis. In: LE.
HALVER and 1. A MITCHEL (Editors). Trout Research Conference Papers.
US DITEW. and V.S D. Int. Fish/Wildlile Res. Rep., 70:103-120.

ASHEEY, 1. M 1970, Pathology of fish fed allatoxins and other antimetabolities. 1n:
S 1. SNIEZKO (Editor). A symposuum on Discases of Fishes and Shellfishes.
Am. Fish. Soc. Spec. Publ., 5.336-379.

ASHEEY, 1. M and HALVER_ JI3 1961 llepatomagencesis in rainbow trout. Fed.
Proc 20:290.

ASHLEY, I. M and HALVER_ J.E. 1963, Multiple metastasis of rainbow trout
hepatoma Trans. Am. Fish. Soc. 92:365-371.

ASHLEY, I.M_, IHALVER, ] E and WOGAN, N., 1964, Hepatoma and aflotoxicosis
in trout . Fed. Proc. Am Soc. Exp. Biol,, 23:105

ALTLEY. .M ) E HALVER, W.K. GARDNER, Jr., and G.N, WOGAN, 1965,
Crystalline aflatoxins cause {rout hepatoma. Fed. Proc. 24:627.

AUSTWICK. P K C and G AYERST 1963 Toxic products in groundnuls.
Groundnut microflora and toxicity. Chem Ind. pp. 55-61.

BAMPTON, S.S. 1963. Growth of Aspergillus flavas and production of aflatoxin in
groundnuts. Part 1. Trop. Sci. 5:74-81.

47



BAUER, D I DJ.LEE, and R.O. SINNIHUBER, 1969: Acule toxicity of allatoxin
13y and Gy in the rainbow trout Oncorlynchus mykiss. Toxicol. Appl.
Pharmacol. 15: 415-419.

% BERRY, R.J. 1980. Gens, pollution & monitoring, Rapp. P.V. Reun. Cons. int.
Explor. Mer., 1979: 253-257.

BHATTACHARYA, T., AK. RAY and S. BATTACIHARYA, 1985
Histopathological lesions in the hepatopancrease of channa punciatus (Bloch)
exposed to mixtures of mercuric chloride and phenol and a factory effluent.
Matsya., 11: 1-4,

BORKIR, 1966, Mycotoxins in feeds and foods. Adv. Appl. Microbiol., 8: 315-351.

# BOUDOU, A D. GEORGESCAULD and J.P. DESMAZES, 1983. Exotoxicological
role of the membranc barriers in transport and bioaccumulation of Mercury
compounds  In Aquatic toxicology, vol. 13, Nriagu, J.O. (Ed.)., John Wiley
and Sons, Ny 117-136.

BURNSIDE, I, W.L. SIPPEL, ). FORGACS, W.T. CARLL, M.B. ATWOOD, and
E.R DOLL. 1957 A disease of swine and cattle caused by eating moldy corn.
1. Fxperimental production with pure cultures of molds. Am. J. Vet.
Research, 18.817-824,

# BUTLER, W 1L 1964, Acute toxicily of allatoxin By in rats. Br. ). Cancer 18: 756-
762

CAPOUZZ.0. ) M., M.N. MOORE and J. WIDDOWS, 1988, Eiflcets of toxic
chemicals in the marine environment. Predictions of impacts from laboratory
studies  Aqual. toxicol,, 11:303-311.

CARNAGHAN, R B A RD HARTLEY, and J.O'KELLY. 1963, Toxicity and
fluorescence properties ol aflatoxins. Nature, 2001101,

CHANG. S B, MM. ABDEL KADER, E.L., WICK, and G.N. WOGAN. 1963,
Afllatoxin 13, Chemical identily and biological activity. Science, 142:1191-92,

CODEGONE, ML, PROVANA, A and GHITTINO, P. 1968. Evolution of the
carly hepatoma in reinbow trouts. Tumori. 54: 419-426.

CODNER, R C: K SARGEANT, and R. YED. 1963 Production of allatoxin by the
culture of strains of Aspergillus flavus-oryzae on sterilized peanuts.

Biotechnol Bioeng. 5:185-192.

COUCHL ) A . 1985 Prospective study of infectious and non-infectious diseases in
oysters and fishes in three Gull of Mexico estuaries. Dis. agat. Org., |: 59-82.

48



DIENER, UL, N.D. DAVIS, W.D. SALMON, and C.Q. PRICKETT, 1963. Toxin-
producing aspergillus isolated from domestic peanut. Science, 142; 1491-92,

# DOSTER, R.C.. R O. SINNHUBER, and J.H. WALES (1972): Acute intraperﬁtoneal
toxicity of Ocharatoxing A and B in rainbow trout (Oncorhy nchus mykiss).
Food cosmetol. Toxicol, 10: 85-92.

ELIS, AE,RJ ROBERTS and P. TYTLER, 1978. The anatomy and physiology of
teleosts. In Fish pathology (Editor) R.J. ROBERTS. Bailliere Tindal,
London pp. 13-54

FERGUSON. H.W.. 1974. Ph.D. thesis. University of Stirling.

a GENEST, C, and DM, SMITH. 1963; A note on the detection of atflatoxins in
peanut butter. J. Assoc. Offic. Agr. Chem. 46:817-818.

GHITTINO, P.. 1976. Nutritional factors in trout hepatoma. Prog. Exp. Tumor Res.
20 317-338.

GHITTINO, P, A PROVANA, and M.L. CODEGONE, 1967 Experimental dietary
hepatoma in rainbow trout. The role of cotton seed meals and other diets.
Cancro. 20: 1-24.

HADDOW A. and . BLAKE. 1933 : Neoplasma in fish. A report of six cases with a
summary of the literature, J. Pathol. Bacteriol. 36: 41-47.

HALVER. J E 1965 a. Aflatoxicosis and rainbow trout hepatoma In . Mycotixins in
foodstuffs : 209-234 (Wogan, G.N., (Ed.). Cambridge, Mass : M.1.T.

Press

HALVER, JE., 1969 Aflatoxicosis and trout hepatoma. In: L. A, GOLDBLATT
(Editor), Aflatoxin- Scientific Background, Contro! and Implications.
Academic Press, New York. pp. 265-306.

HALVER. J E.. 1976. Aflotoxicosis and adventitious toxins for fish. 1 Fish
Pathol. (Japan), 10 (2) : 199-219.

HALVER, JE, LM ASHLEY, and GN. WOGAN.,, 1966: Acute and chronic

afatoxicosis in fish. Proc. 7" Int. Congress of Nutrition, Hamburg, pp. 1-5.

HALVER. J.E.. ASHLEY, L.M. and WOGAN, G.N., 1966. Acute aflatoxicosis in
rainbow trout and Coho Salmon. Fed. Proc., 25:662.

HALVER. JE.. ASHLEY, L. M., SMITH, C.E. and WOGAN, G.N., 1968. Age and
sensitivity to trout to aflatoxin B,. Fed. Proc. 27: 352,

HARTLEY. RD.. BF NESBIT, and J O.'KELLY ., 1963. Toxic metabilites of
Aaspergitlus flavus, Nature, 198: 1056-1058.

49



HAYWARD, G D, 1986  Investigacion billiografica Sobre micotoxicosis en Medicina
Veterinaria, fuentes, incidencia, patogenia, toxicidad, signos clinicos,

diagonstico y me'todos analiticos. Tesis de licenciatura. Fac. Med. Vet. Zool,
[INAM

HENDRICKS, 1D, PUTNAM. T P and SINNHUBER, R.O. 1980 Null effect of
dietary Arodor 1254 on hepatocellular carcinoma incidence in rainbow trout

Oncorhynchus mykiss exposed to aflatoxin By as emproyos. J. Environ.
Pathol Toxicol 4 6-16.

HODGES, FA IR ZUST, HR SMITH, A A NELSON: B.H. ARMBRECHT, and

A D CAMPBELL. 1964 Mycotoxins: Aflatoxin isolated {rom Penicillium
puberulum . Science, 1451439

# 1HTOERR F ) and G 1T IDANDREA, 1983 Biological effects ol allatoxin in swine.
Pages 51-55 in UL Diener, R L. Asquith and ). W. Dickens (Iiditors).
Aflatoxin and Aspergillus flavus in corn. Alabana Agricultural Experiment
Station, Southern Coopoerative Series Bulletin 279: Auburn university.

HINTON, D E.and C.R.POOL., 1976, Ultrastructure of the liver of Channel catfish,
Tetedurus punctutus (Refine sque) §. Fish Biol 8 200-220.

2 JACKSON, 12 W, WOLE 1L and SINNITIIBER, RO, 1968: The relationship of
hepatoma in rainbow trout to allatoxin contamination and cottonseed meal.
Cancer Res. 28: 987-991.

JAMBULINGAM, M. 1988 Sublethal efTects of Endosulphan and Cadmum on
histological organization and hexokinase activity in Orcochromis ('Tilapia)
mossambicns (peters). M. Phil Thesis. Annamalai University.

JANTRAROTAL W, LOVELL, R'T and GRIZZLE, J.M: 1990a. Acute toxicity of
allatoxin B; Channel catfish. J. Aquat. Animal Health, 2: 237-247.

JANTRAROTAL W, LOVELL, RT. and GRIZZLE, J M. 1990b. Sbacute toxicity of
aflatoxin 13, Channel catfish. ). Aquat. Animal Health, 2: 248-254.

LEE. D)L WALES, JI. AYRES, and R O. SINNHUBER, 1968: Synergism
between Cyclopropenoid fatty acids and chemical carcinogens in rainbow and
trout (Oncor ynchus mykiss). Cancer Res. 28: 2312-2318.

LEE D F. )i WALES, and R.O. SINNHUBER, 1971 Promotion of aflatoxin
induced hepatoma growth in trout by methyl malvalate and sterculate. Cancer
Res 31 960-963

® LEE D 1. SINNHUBER, R O, WALES, J.11. and PUTNAM, G.B. 1978. Effect of
dictary protein on the response of rainbow trout ( Incorhynchus mykiss to
aflatoxin 13, 1 Natl. Cancer Inst_, 60:317-319

50



LIGHTNER, D V. and REDMAN R.M_, 1982 Hlistopathology of aflatoxicosis in the
marine shrimp Penacus stylirostris and Penaeus vanmamei. ), Invert. Pathol.

(USA). 40: 279-291.

LOW, D.M. 1988 Altrerations in cellular structure of Mytilus edulis resulting from
exposure of environmental contaminants under field and experimental
conditions. Mz Ecol. Prog Ser,  46:91-1000.

MA C.CHA'VEZ-SA’NCHEZ, C.A. MARTINEZ PALACIOS, 1. OSORIO
MORENQO. 1994 Pathological effects of feeding young Oreochromis niloticus

dicts supplemented with difTerent levels of aflatoxin B,. Aquaculture 127:49-
60,

MOORE, M N. 1988. Cytochemical responses of the lysosomal system and NADPIH-
ferrihemoprotein reductase in mollusean digestive cells to environmental
and experimental exposure to Xenobiotics. Mar. Ecol. prog, Ser. 46: 81-89,

NESBITT, BF., ). O’KELLEY, K. SARGEANT, and A. SHIERRIDAN. 1962. Toxic
metabolites of Aspergillus flavus. Nature, 195:1062-10063.

NIEW M.B. 1987 Feed and feeding of fish and shrimps. Aquaculture developoment
and coordination programme ADC/REP/87/26. United Nations Development
Programme. Food and Agriculture Organization of the United Nations, Rome,
Italy.

NEWBERNIE, P M., G.N. WOGAN, W.W._CARI.TON, and MM. ABDEL-KADER,
1964c. Histopathologic lesions in ducklings caused by Aspergillus flavus
cultures, culture extracts and Crystalline aflatoxins. Toxicol Appl. Pharmacol.
(:542-556.

NIGRELLTI R F.and §. JAKOWSKA, 1961: Falty degenerations, regenerative
hyperplasia and neoplasia in the livers of rainbow trout Oncorftvnchus mykiss.
Zoologica 46:49-55.

NIKINMAA. M. 1992, llow does envirnmental pollution alTect red cell function in
fish. Aquatic toxicol., 22(4): 227-238.

#O1IVA NUNEZ JERRY D HEDRICKS AND JULIE, R, DUIMSTRA. 1991,
Atrastructure of Hepato cellular Neoplasms in Aflatoxin By (AFB,, Initiated
Rainbow trout (Oncorhynchus mykiss). Toxicologic Pathology. Volume 19.
Number |: 11-23.

# PATTERSON. D.S.P. 1973: Metabolism as a factor in determining the toxic action of
the aflatoxins in different animal species. Food Cosmetol. Toxicol. 11: 287.

SPATTERSON, D.S.P, 1976 : Structure, Metabolism and Toxicity of the Aflatoxins : A
review. Cah. Natr. Diet Il (Suppl.2), : 71 - 71

£ PATTERSON. D.S.P, 1977 : Aflotoxin and related compounds. In : Mycotoxic fungi,
Mycotoxins, Mycotoxicosis : An encyclopedia hand book (Wylline TD & More
house 1.G (editor) New York, Marcel Dekkar. pp. 131-136 & 144-189

s



PLUMB, J A S.A HOROWITZ and WA ROGERS. 1986. Feed related anemia in
cultured channel catlish (/€talurus punctains). Aquaculture S1: 175-179.

# RICHMOND, J W, N.-H. SUTCLIFFE, N.W R. DANIELS, P.W.R. EGGITT,

and 1.B.M. COPPOCK. 1962b. Factors other than ground nut in the prduction
of aflatoxin, Vel. Record. 74: 962.

ROBBERTS, R.J. (1989). Fish pathology. 2" (Ed..). Baillere Tindall, London, 452.
pp-

# ROGERS, A E. AND NEWBERNE, P.M,, 1969. Aflatoxin B, carcinogenesis in
lipotrope-deficient rats. Cancer. Res. 29: 165-172.

RR RUCKER, W.T. YASUTAKE, and [1. WOLF_ 1961; Trout hepatoma . A
preliminary report. Prog. Fish. Cult. 23: 3-7.

¥ SANTO S, MATSUSHIMA, N., TANAKA, T., SUGIMURA, T. and TAKASHIMA,
¥ 1973. Hepatic tumors in the guppy (/.ebistes reticulatus) induced by a
aflatoxin 13,, dimethyl nitrosamine and 2-accetaminofluorene. J. Natl. Cancer.
Inst. 50: 765-778.

SIMON, R.C., DOLLAR, AM. and SMUCKLER, E.A. 1967. Descriptive
classification on normal and altered histology of trout livers. In: J.E. HALVER
and I.A. MITCIIE LI (Editors), Trout hepatoma Research Conference papers.
USDHEW, and U).S.D. Int. Fish/Wildlife Res. Rep., 70: 18-28.

SINNHUBER R.O. and WALES, 1.H., 1974, Allatoxin B;..
Hepatocarcinogenecity in rainbow trout embroys. Fed. Proc., 33: 247.

SINNHUBER, RO, LEE, D)., WALES. J.H. and AYRES, J L. 1968, Dietary
factors and hepatoma in rainbow trout Oncorhiynchus mykiss. 11,
Carcinogenesis by cylopropenoids fatty acids and the effect of gossypol and
altered lipids on affatoxin induced fiver cancer. ). Natl. Cancer. Inst. 41: 1293-
1301

£ SPENSLEY.D.C. 1963 Allatixin, the active principle in turkey ‘x’ discase.
Endeavour, 22: 75-79.

STOLOFE. 1, 1976 Occurrence of mycotoxins in foods and feeds. In: Mycotixins
and other Fungal Related Food Problems, J. RODRICKS (Editor).
Washington, D.C. American Chemical Society, pp.23-50 {Advances in
Chemistry Series 149).

% SVOBODOVA, Z., and PISKAC, A, 1980. Vliv Krmiva snizkym Obsahein aflatoxin
13, na zdravotni Slav kapru (Cyprinus carpio. L.) (The eflect of feed with a
low content of aflatoxin 13, on the health condition of Carp (Cyprinus
carpi.l.). Zivocisna Vyroba - UVTIZ. 25 : 809-814

52



SVOBODOVA Z., PISKAC A, HAVLIKOVA.) and GROCELI., 1982, The inlluence
of feed with different contents By aflatoxin on the carp health condition.
Zivocisna Vyroba - UVTIZ., 27 : 811-820

VAN DER MERWE, K )., L FOURIE, and DEB. SCOTT. 1963. On the structure of
aflatoxins. Chem. Ind (41). 1960.

VANRICHAK, T, 1938. Studies on endothelial cells in the liver of fishes.
7. Zell for Sch. Mirkrosk. Annt., 27:46-51.

JH WALLES, 1967 : Degeneration and regeneration of liver parenchyma
accompanying hepatomagenesis. Trout {iepatoma Res. Conf. papers. U.S Fish
Wildl. Serv., Res. Rep. 70: 56-59.

WALES.J.H., 1970. {1epatoma in rainbow trout . In : S.F. SNIESKO (Editor). A
symposium on Diseases of Fishes and Shellfishes. Am. Fish. Soc. Spec. Publ.
Na:5 - 351 - 365,

WELLINGS, S.R. 1969 : Neoplasia and primitive Vertebrate Phylogeny :
Fehinoderms, Prevertebrates and fishes - A review. Nall. Cancer Inst.
Monogr., No : 31:59 - 128

WISEMAN M. O, PRICE R.1, LIGHTNER DV and R.R. WILLIAMS | 1982,
Taxicity of aflatoxin By to penaeid shrimp (Disease in shrimp culture), J. Appl.
FEnvironm. Microbiol |, 44 : 1479 - 1481,

WOGAN G N, 1973, Allatoxin Carcinogenesis. In © M.BUSIH (Editor). Methods in
Cancer Research. Academic Press. New York. pp. 309-344.

WOGAN G N. 1967, Isolation, identification and some biological effects of the
allatoxins. In : J 15 HALVER and 1. A. MITCIIELL (Editors), Trout
Ilepatoma Research Conference papers. Res. Rep. 70. U.S. Fish Wild. Serv,,
Washington . D.C.pp. 121-129.

EM. WOOD and C.P. LARSON, 1961 : lepatic carcinoma in rainbow trout Arch.

Pathol. 71 : 471-479.

x Not seprrizd iv Otiainal.-

53



