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ABSTRACT

Previous data indicated that aflatoxin was a contaminant in the 

artificially prepared shrimp rations and low levels of aflatoxin in the 

feed could possibly be the cause of increased mortality. Therefore a 

short-term toxicity study of aflatoxin on shrimp was begun.

The study investigated three major routes of contact: a) intra

muscular injection, to determine the maximum effect from one dose, 

b) ingestion, the most common and therefore, the most important method 

of contact, c) absorption through the gills, for comparison with brine 

shrimp larvae used in bioassays .

The results indicated that 0.600 mg aflatoxin per kg feed did 

not significantly increase the mortality rate of penaeid shrimp even 

after three weeks. , In addition, little cellular damage was observed.

Injection of 51 mg aflatoxin B^ per kg body weight caused severe 

damage and mortality after at least 5 days. Shorter-term values 

could not be determined, but exceeded the values for all other tested 

species. No damage was observed in the hepatopancreas from doses less 

than 2 mg aflatoxin B^ per kg body weight. The hepatopancreas was the 

most sensitive organ. -

There was little lethality due to absorption of aflatoxin B^.

In fact only one out of three died at 10 mg/L seawater. This level 

exceeds the levels that are. normally found in water, since aflatoxin 

has a low water solubility.

tv
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CHAPTER 1

INTRODUCTION

The increased mortality of shrimp observed during the months of 

September and October 1979 at ''the University of Arizona and the 

University of Sonora, Mexico experimental shrimp culture facility at 

Puerto Penasco, Sonora, Mexico was caused by a disease called blue 

syndrome X (BSX). Blue syndrome X occurred in blue shrimp, Penaeus 

styllrostrisbut has an unknown, etiology.

Because no infectious etiology was observed and the source of 

some of the feed ingredients had changed, the feed was suspected to 

contain a-contaminant capable of causing' disease .and death" in shrimp. 

Aflatoxin B^, a metabolite of a mold capable of growing on most feeds, 

is a problem in the Southwest. Therefore, all the feed ingredients and 

the feed itself were analyzed for aflatoxin content. Up to 70 parts 

per billion (ppb) aflatoxin B^ was found in the total shrimp rations, 

but was found at less than detectable levels in the individual feed 

ingredients (Price and Jorgensen 1979). Further investigation found an 

Aspergillus mold growing on the finished feed. Aspergillus growth and 

aflatoxin production has been shown to be a storage problem (Wyllie and 

Morehouse 1978-) and has been observed on shrimp meal and dried shrimp 

(Wu and Salunkhe 1978).

Aspergillus, the genus of mold producing aflatoxin, optimally 

grows.at 35 to 370C, and optimally produces toxin at 24 to 26°C (Moreau
1



1979, Purchase 1974). A high, relative humidity, required for Aspergillus 

growth and aflatoxin production, is provided on warm humid days and by 

the moisture in freshly extruded or improperly dried formulated feed.

Based on this information, aflatoxin was proposed to be the 

contaminant responsible for increased mortality. This hypothesis was 

■ tested by determining . (a)’ the subacute effects of aflatoxin in the feed 

in shrimp, .(b)" the acute 'effects from intramuscular injection of afla

toxin into shrimp and (c) the tolerance level for shrimp of aflatoxin in 

the water.

2

Penaeid Shrimp

Penaeid shrimp, the most common commercially used shrimp, are

invertebrate marine animals (Church 1975), whose classification is:

Kingdom: Animalia
' Phylum: ■ Arthropoda ;

Class: Crustacea
Subclass: Malacostraea .

Sucaridia
Order:. Decapoda

Natantia (Webb 1975, Britannica

1975).

Penaeid shrimp in their native marine environment are scavengers. 

As scavengers, shrimp are forced to respond to many potentially toxic 

substances in the marine, environment and in the food. Those substances 

which have been studied in the laboratory environment include oil, pest

icides, heavy metals and inorganic chemicals (Couch 1977, Curtis,

Copeland and Ward 1979, and Shimmel, Patrick and Forester 1977).

However, shrimp in captivity are fed artificial diets in order 

to minimize cost and be practical. Toxicity studies,. using substances 

that are found under controlled conditions but not yet observed in 

nature, are few in number. For instance, there are no reports in the
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literature on the effects of mycotoxins on shrimp in the ocean. Myco- 

toxins can be present in or on the feed, which can represent a danger 

' to the shrimp and to the secondary consumer, man. In this study, afla- 

. toxin was the mycotoxin of interest.

Aflatoxin B^.

Aflatoxin B^, the most toxic and most common form of aflatoxin, 

is a mycotoxin produced by various. strains of Aspergillus flavus and 

A. parasiticus  ̂ Aflatoxin B^ has been found in barley, rice, wheat, 

com, cottonseed, rye, soybeans, peanuts, tree nuts and. other commod

ities (Purchase 1974, Rodricks, Hesseltine and Mehlman 1977). Typically, 

these commodities are used in feeds including shrimp feeds.

Little has been reported about the effect of aflatoxin 3^ on 

.marine fauna and. other crustaceansHowever, aflatoxin B^ has been 

‘ shown to be a hepatocarcinogen, mutagen, teratogen, protein inhibitor, 

cell disrupter causing lesions and tumors in the Skin and in most 

internal organs in tested vertebrate animal species (Heathcote and 

Hibbert 1978, Rodricks,. et al 1977, and Moreau 1979). Brine shrimp and 

rainbow trout have been used as standards for comparison.

Aquaculture

Aquaculture is the farming of aquatic animals or plants under 

controlled environmental conditions, either on the coast or inland. The 

experimental shrimp culture facility of the University of Arizona is on 

the northern Saif of California. Several saltwater wells, the source of 

seawater for the facility, permit a degree of control of dinoflagellates 

(red tides), potential pathogens, predators and pests. Other control- 

able variables include salinity, light, temperature, population density.
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and diseases. Since there is a high density of shrimp in tanks and 

raceways, large populations of shrimp could he killed or affected by 

toxic substances (Fontaine and Lightner 1975). Therefore, control of 

pathogens and their toxic effects is needed to maximize production 

needed for successful commercial operations.



CHAPTER 2

REVIEW OF THE LITERATURE

The laboratory environment is convenient for testing the toxic 

effects of foreign substances on shrimp. For example, oil (Couch 1978, 

Vemberg and Verhberg 1974, and Van den Broek 1979), heavy metals (Curtis 

et al 1979, Couch 1978), and pollutants (Couch 1978, Shimmel, et al 1977, 

Goldberg 1972 and 1976, and Van den Broek 1979) are foreign substances 

found in the marine environment, but tested in the lab.

Previous studies, involving mammals, rainbow trout, and insects, 

evaluate the effects and susceptibility/resistance of the tested species 

to aflatoxicosis.. These.studies are reported and discussed.

Shrimp Toxicity Studies 

Contaminants in Natural Waters

The aquatic biosphere has Often been used as a "sink" for 

pollutants, i.e. pesticides, heavy metals, inorganic and organic chem

icals from runoff and fall out, and petroleum from oil spills. The 

susceptibility and toxic effects of these contaminants were tested in 

labs with a controlled environment.

Pesticides. Couch (1978) compiled a table of comparative tox

icity of pesticides and polychlorinated biphenyls on shrimp, fish and 

oysters (Table 1). Penaeid shrimp were generally the most sensitive and 

oysters the most resistant. In general the toxic effects from organo- 

phosphates are 1000 times greater than those from.other pesticides and

5



Table 1. Comparative Toxicity of Pesticides to Estaurine Taxa (Shimmel et al 1977),

Pesticide Penaeid
Shrimp

Fish Oysters LC®® hours jn p > duorarum 50 Reference

ORGANOCHLORINES

Chlordane 1 2 3 0,4 ug/L Parrish, et al 1976

DDT • 1 2 3

Dieldrin 1 3 2 0.7 ug/L Parrish, et al 1976

Endrin 1 2 3 0.04 ug/L Shimmel, et al 1974

Hepatochlor 1 3 2 0.11 ug/L Shimmel, et al 1976

Hexachlorobenzene 25 ug/L Parrish, et al 1976

Lindane 0.17 ug/L Shimmel, et al 1977

Toxaphene 2 1 3 1.4 ug/L Shimmel, et al 1977

BHC 0.34 ug/L Shimmel, et al 1977

ORGANOPHOSPHATES

Glutathion, Malathion,
& Parathion 1 2 3

CARBAMATES

Carbaryl, & Carbofuran 1 2 3
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the toxic effects were greater in shrimp than in the other tested aquatic

fauna. Table 2 reports some of the toxic effects of pollutants.

Inorganic Chemicals and Heavy Metals. Table 3 summarizes some

of the lethal concentrations and the toxic effects of some inorganic

chemicals and heavy metals (Curtis,. et al 1979, Vemberg and Vemberg
r-r?9 . ■

1974, Van den Broek 19799 Couch 1978, and Koeman and. Strik 1975) . Histo-

pathological data are lacking in the literature.

Petroleum. Since the composition of petroleum products vary,

the lethal effects and the lethal concentrations vary widely. Couch

(1978) reported that refined Oil (containing toxic aromatic compounds),

No. 2 fuel oil (containing naphthalenes), and Venezuelan Bunker C oil

were more toxic than Louisiana Crude oil. The 24-hour median tolerance

level, the highest level present in water which caused no irreversible

effect, was 0.77 to 2.51 parts per million (ppm) No, 2 fuel oil on

brown shrimp, P. aztecus. The median tolerance levels vary with the

seasons and salinity (Vemberg and Vemberg 1974).

Lesions in the cuticle, in the lining of the gastric wall and in

the mouth region, and proliferation and necrosis of the gills were

observed after exposure to 2.0 ppm No. 2 fuel oil (Couch 1978). Species

and exposure time were not reported.

Diseases In Aquaculture Environment

Diseases in the aquaculture environment may be caused by micro

organisms , microbial toxins, and nutritional deficiencies and toxicities. 

These foreign substances are important to control in the laboratory or 

commercial aquaculture environment even though they may be of little 

importance in the natural marine environment.



Table 2. Observations of Some Effects Pesticides Have On Shrimp

Pollutant Concentration Time Observations Reference

Aroclor 1254 3 ppb 52 days 50% death, 3Q - 40 ppb in hepatopancreas 
30 - 50% proliferation of rough endoplasmic 
reticulum, production of whorls with lipid 
droplets, nuclear degeneration.

Couch 1978

0.9 ppb 2 weeks lethargic, refused food, eventually died Couch 1978

Aroclor 1016 0.9 ppb 96 hours 8 % lethality Couch 1978
10.0 ppb 96 hours 43% lethality Couch 1978

BHC 0.19 ppb 
0.38 ppb 
0.57 ppb
0.68 ppb

0.027 ppb residue, bioconcentration is 142 
0.028 ppb residue, bioconcentration is 74 
0.029 ppb residue, bioconcentration is 51 
0.038 ppb residue, bioconcentration is 56

Shimmel, et al 1977

DDT 0.20 ppb 

0.20 ppb

18 days 

28 days

40.40 ppb residue in hepatopancreas, 
from exposure in flowing water, 
lethal

Couch 1978

Lindane 0.13 ppb

0.23 ppb 
0.62 ppb

0.10 ppb residue in hepatopancreas,. 
Bioconcentration factor (BE) is 77 
0.033 ppb residue, BE is 143 
0.020 ppb residue, BE is 32

Shimmel, et al 1977

0.40 ppb 48 hours EC (loss of equilibrium/lethal) 5U Butler 1963

Malathion 14 ppb hyperactivity, paralysis, death Couch 1978

Mirex 1.0 ppb 7 days followed by 4 days in uncontaminated water: 
lethargy, refusal to eat

Couch 1978



Table 3. LC _ Values of Inorganic Chemicals in Shrimp

Chemical Time LC a ________ Species & Age Reference

Arsenic trisulfide 24 hours 
48 hours 
96 hours

LiU
65% mortality 
65% mortality 
180 mg/L

P. setiferus 
juvenile

Curtis, et al 1979

Benzyl chloride 24 hours 
48 hours

7*1 mg/L 
4.4 mg/L

P. setferus 
juvenile

Curtis, et al 1979

Formalin 96 hours 235 - 270 mg/L P. duorarum 
adult

Couch 1978

K1M )4 96 hours 6 mg/L P. duorarum, adult Couch 1978

KCr207 96 hours 
is not

less than 5 mg/L 
toxic

P. duorarum, adult Couch 1978

Cd++ 30 days 7.8 ug/L Crangon vulgaris 
adult

Van den Brook 1977

Cr+6 48 hours 100 mg/L Crangon crangon Verriberg & Vernberg 1974

Cu++ 96 hours 10.3 mg/L ibid. ibid.

Fe+++ 48 hours 33 - 100 mg/L ibid. ibid.

Hg++ 96 hours 3.3 - 10 mg/L ibid. ibid.

Ni++ 48 hours 100 - 330 mg/L ibid. ibid.

Zn++ 48 hours 100 - 300 mg/L ibid. ibid.
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Blue-green Algae. ■ Certain blue-green algae are suspected to - 

produce a toxin which may affect shrimp adversely (Lightner 1978).

Moore (1977) discusses the effects of toxins produced by blue-green 

algae on marine fauna, Lightner (1978) found that Penaeus stylirostris 

exposed to Spirulina subsalsa had sublethal lesions in the digestive . 

organs, necrosis of mucosal epithelium and heavy infiltration in the 

dorsal cecum and hindgut gland. A toxin is suspected to be produced by 

S, subsalsa because after consumption of large quantities of living 

S,. subsalsa, a mild toxic effect characterized by inflammation of the 

midgut was observed without the presence of the organism.

Fungi. Lagenidium species, an aquatic parasitic phycomycetous 

fungus, was found to cause disease in several crustaceans including 

Penaeus setiferus (white shrimp) and P. aztecus (brown shrimp) (Lightner 

and Fontaine 1973). • Lagenidium could cause 10% to 100% mortality of 

the larvae and post-larvae within a few days in the hatcheries.

Fusarium solani, another fungus which may affect shrimp, 

produces a toxin which is responsible for skin necrotization, vomiting, 

leuccoytosis and leucopenia in experimental mammals. The effects of 

these toxins on shrimp has not been reported in the literature.

Bacteria, Leucothrix mucor, which grows as an epiphyte on 

macroscopic algae, damages the pleopods of shrimp from the species 

Palaemontes pugio and Crangon septiminosa (Johnson, et al 1974), and in 

severe cases the organism may be observed as characteristic filamentous 

growth on the gills (Lightner and Lewis 1975).

Nutritional Disease. Magarelli, et al (1979) reported that 

Penaeus calTfomlensis- and P,: Stylirdstris fed a diet deficient in
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ascorbic acid developed inflammatory lesions similar to those formed in 

response to a foreign object or pathogen. Initially, those lesions 

consisted of masses of hemocytes with tissue debris and melanin, and 

were observed in the epithelial tissue of the gills and hindgut. Sub

sequently, the stomach, bronchial cavities and abdominal pleura 

developed similar lesions.

Cellular Response of Penaeid Shrimp to Injury

Fontaine and Lightner (1975) discussed three responses of 

penaeid shrimp to foreign substances at the cellular level. First, 

hemocytes in shrimp were found to migrate rapidly to the injured tissue 

and to engulf or encapsulate the foreign substance. Elimination of 

foreign substances is primarily through the gills. Lastly, fibrocytes 

sometimes infiltrated the damaged area and formed a permanent scar, 

which was formed by a dense network of collagen-like fibers around the -- 

foreign substance.

Aflatoxin Toxicity

Brine Shrimp

Brine shrimp, Artemia salina, were originally used as a biolog

ical assay for aflatoxin B^ detectioni Reiss (1972) found 84% lethality 

from 10 ug aflatoxin B^ per 0.5 ml water (20 mg/L) and Brown (1969) 

found greater than 90% lethality from 1 ug aflatoxin B^ per ml water 

(1 mg/L). Brown's results are graphically represented in Figure 1. Dur

akova etal( 1977) determined the 24-hour L C ^  at 28°C of aflatoxin B^ in 

the water on brine shrimp to be 39 ug per ml water (39 mg/L) (Fig. 2).
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Although brine shrimp are a different species from penaeid 

shrimp, brine shrimp are the closest species so far studied for afla- 

toxin toxicity. Rainbow trout and some terrestial arthropods, insects, 

have also been studied.

Rainbow Trout

Hepatic tumors characteristic of aflatoxicosis have been found 

in brook trout, char, and rainbow trout living in controlled environ

ments (Roberts 1978 and Goldblatt 1969). Some varieties of rainbow 

trout are more susceptible to aflatoxicosis than other salmonids and 

channel catfish. Moreau (1979) reported the LD5q for susceptible 

varieties of rainbow trout to be 0.5 to 1.0 mg/kg. Neoplastic changes 

occurred after exposure for 4 to 6 months to 1 ppb (0.001 mg/kg)" afla- 

toxin in the feed and after 1 day to 20 ppb (0.020 mg/kg) (Goldblatt 

1969).

Insects

A comparison of the responses of various insects to a 94% pure 

mixture of aflatoxin B^, G^, and G^ is tabulated in Table 4. The 

author (Matsumura and Knight 1967) claimed that the cockroach was resis

tant , but the. study showed that the cockroach was resistant only at the 

levels tested, which were 20 to 100 times less than the levels tested 
with the other insects.

Effects of Aflatoxin B^ in. Other Animals

Table 5 compares single dose 24-hour LD^q values, rates of 

metabolism, and metabolic products from degradation in some animal



Table 4. Effect of Aflatoxin on Insects (Matsumura and Knight 1967).

Species Concentration Percent No. eggs Percent
mortality ' produced hatched

Periplaneta 
americana larvae

3 ppm 2 179 54.5

(cockroach) 0 2 227 60.4

Aedes aegypti 
adult

60 ppm 26 34 0
(yellow fever 
mosquito) •

0 28 222 27.3

Musca domestica 
adult

300 ppm 71 84 4.7

(house fly) 0 3 1650 56.5

Drosophila
melanogaster

50 ppm 90 82 0
adult 0 17 420 79.4
(fruit fly)
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Table 5. Conparison of Acute Toxic Effects and Metabolism of Aflatoxin.
(Wyllie and Morehouse 1977)

Animal Rabbit

Relative 50 1.00*

Necrosis +•

Fibrosis - -

Bile Duct ■ 
Proliferation 
Hyperplasia

Vacuoles
Fatty
Infiltration

?

Enlarged 
Hepatic Cells

+

In Vitro 
Metabolism

Fast

Carcinogen ?

Microsomal
AFM, Yes
AFP Yes
AFQ No

r -
Yes
Noepox

Cytoplasmic
. AF-OH Yes

Rainbow
Trout

Mouse Rat

2.03 ■ 22.5 29,3

+ - -

? - -

+ - +

? + +

+ + +

? Inter. Slow

+ ? +

Yes Yes Yes
Yes Yes . No
No No No
No Yes . Yes
Yes Yes • Yes

Yes No No

Duckling Man Shrimp

1.13 - ?

+/- - +

+ + -

+ + -

+ + -

+ + -

Fast ? ?

+ ? ?

Yes Yes ?
Yes Yes ?
No Yes- ?
Yes No ?
No . Yes ?

Yes . No ?

*rabbit 24-hour !!)„ is 0.40 mg/kg.
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species. The metabolic products and the pathway of degradation are 

illustrated in Figures 3 and 4 (Campbell and Hayes 1976, Uraguchi and 

Yamazaki 1978 and Wyllie and Morehouse 1978), which determine the cell

ular damage and the observable toxic effects. Aflatoxicol is the 

metabolite responsible for cytoplasmic damage in the liver (hepato

pancreatic) cells. Aflatoxin B ^ a  is speculated to be responsible for 

most of the observable acute toxic effects. The alkylated products of 

aflatoxin epoxide to macromolecules (i.e. RNase, liver enzymes,, proteins 

ribosomes, and nucleophiles) are responsible for most of the chronic 

effects (Chu 1977, and Rosenburg 1978).
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Figure 3. Metabolic Conversion of Aflatoxin (Uraguchi and Yamazaki 1978).
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(A) Attack by H2 or H20 (reduce double bond)

(B) Open bifuranoid moiety (addition/reduction)

(C) 0 -  Demethylation

(D) Hydrolytic fission

(E) Reduction of cyclopentenone

(F) Hydroxylation, C-22 is conjugation site

Figure 4. Degradation Sites of an Aflatoxin B-. Molecule.
(Wyllie and Morehouse 1977)



CHAPTER 3

MATERIALS AND METHODS

The purpose of this project was to assess.the toxic effects of 

short-term exposure of shrimp to aflatoxin B^. The approximate lethal 

dose • and the prolonged feeding study were run simultaneously. The 

approximate lethal dose was followed by two acute injection studies, 

which attempted to determine the LD^. The last route of administration 

attempted to evaluate absorption through the gills to assess the resis- 

. tance of. shrimp to aflatoxin in the water.

Approximate Lethal'Dose

Materials

Forty shrimp from raceway G-3. at the university shrimp culture 

facility in Puerto Penasco were dosed via intramuscular injection with 

aflatoxin B^. The 4.5 gram (juvenile stage of life cycle) shrimp were 

of the species Penaeus stylirostris, the blue shriirp.

The four 90-liter tanks filled with approximately 60 liters of 

seawater were operated on a flow-through mode in this study (i.e. the 

water was exchanged approximately every two to three hours). Air was 

bubbled into the tanks via a 1/4 inch tubing with an airstone attached 

at one end and connected to the air pipe at the other end. Airstones 

were changed when needed to keep the dissolved oxygen level near sat

uration.

20 \
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Crystalline aflatoxin was obtained from, either Sigma Chemical ' 

Company, St. Louis (No. A-6636, lot 78C-0318) or from Calbiochem,

Behring Corp., LaJolla, California (No. 121741, lot 801477).

Methods

Dosing. Aflatoxin B^ was weighed and dissolved in physiological 

saline solution. Five shrimp were dosed via intramuscular injection 

with a total volume of 0.10 ml per shrimp. The same volume of saline 

solution was injected into each of the control shrimp as recommended in 

Paget (1970).. The number of deaths were tabulated for each level tested 

(0.0016 to 160 mg aflatoxin B^ per kg shrimp body weight). After 72 

hours the surviving shrimp were preserved in Davidson1 s fixative 
(Humason 1967) for later histological, study.

Histology. The shrimp were removed from the tank one. at a time 

and injected with Davidson's fixative (formalin/glacial acetic acid/

95% ethanol/distilled water (2:1:3:3)). The shrimp were cut in half and 

placed into a jar.of fixative (approximately 10 ml/g shrimp body weight) 
overnight and then transferred into 50 to 70% ethanol solution. Fol

lowing routine histological techniques (e.g. Preece 1972, Culling 1974), 

the shrimp were sectioned, mounted on a slide and stained with hemotox- 

ylin and eosin. The organs examined were the gills, hepatopancreas, 

antennal gland, mandibular gland and digestive tract. Sparks (1972) 

has illustrations and photographs of normal and damaged tissues to 

permit comparison.
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Acute. Injection Study

Materials

. Thirty shrimp (five at each level obtained from the University(s 

shrimp culture facility in Puerto Penasco) were dosed and observed.

The shrimp were from the same. stock as in the previous study, and 

weighed. 4.5 grams. The same tanks and the same set-up was used as 

described under Approximate Lethal Dose.

Methods

There were two. attempts to determine the LD^q . The first ex

perimental dose range was 2 to 20 ug/g (mg/kg) (aflatoxin B^/body 

weight) based on the results of the approximate lethal dose.. The 

second experimental dose range was 20 to 60 ug/g (mg/kg). Quantitative 

analysis for the solutions were via ultraviolet spectrophotometry.. The 

concentrations were calculated using Beer-Lanibert1 s Law: A- doC, where

A is absorbance, b is. 1 cm, C is molar concentration and i  is 21,800 

(Windholz 1976 and Brey 1978) .

Once again the shrimp were sampled after 72 hours and prepared 

for histology by fixation in Davidson's solution for 24 hours. Histo

logical preparation, examination and interpretation were performed as. 

described under Approximate Lethal Dose.

Feeding Study

Preparation of Feed

An artificial diet containing wheat, soy, shrimp, fish meal, 

dried fish solubles, vitamins, lecithin, kelgin, calgon, ascorbic acid,
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and Dynafos was contaminated with aflatoxin . Aflatoxin was first

dissolved in ethanol and added to the liquid portion of the feed mix

ture. After the dry and liquid portions of the feed were thoroughly

mixed together, the.mixture was extruded, collected on trays and dried 
oin a 40 C oven for a few hours until completely dried.

Shrimp consume approximately 10 percent of their body weight in 

feed. Therefore ten 4.5 gram shrimp would consume a total of 4.5 grams 

feed. ■ Test tubes were filled with 4.5 g feed, and labelled with the 

corresponding tank and feed type. One test tube for each of the twelve 

tanks was placed in a plastic bag and. stored in a 4°C refrigerator. 

Enough bags were. stored in the refrigerator to minimize the amount of 

contact the technician would have with the aflatoxin-contaminated feed. 

In. addition gloves and partical masks were worn, at all times and hands 

were scrubbed following contact with the contaminated feed.

Analysis of Feed

Modification of the HPLC procedure developed by Pons and Franz 

(1977) was used for quantitative analysis of the feed for aflatoxin B^ 

content. The filtered solution was washed twice with 50 ml hexane to 

remove the lipids prior to extraction with chloroform. The chloroform 

extracts were applied directly to the silica gel column without prior 

evaporation of the extracts. The column was not washed, but was 

directly eluted with 50 ml chloroform/acetone (3:1) and the elutant was 

evaporated. The residue was transferred to a vial with 2 ml chloroform 

and dried under a. stream of nitrogen. After drying, the samples were 

reconstituted with exactly 0.2 ml acetonitrile/benzene (98:2). Volumes



of 5 ul and 10 ul of the reconstituted sanple and 1 ul, 2 ul, 5 ul and 

10 ul of the standard aflatoxin (1 ng/ul) were spotted on the same 

Adsorbosil I thin layer chromatography plate for comparison. The plate 

was protected from the light, and developed in an unequilibrated tank 

containing toluene/ethyl acetate/formic acid (60:30:10) as the devel

oping solvent until the solvent front travelled 10 to 15 cm. Detection 

and quantitation of aflatoxin was done by comparison under ultraviolet 

light to the spotted known, standards (Association of Official Analytical

Chemists 1975).
Feeding Study

One hundred and twenty 4.5-gram P. stylirostris shrimp were 

taken from raceway G-3 (12. tanks with 10 shrimp in each). The second 

trial used 4.0-gram shrimp from raceway G-4 and were placed in tanks 

treated with Cutrine-plus to control gill disease. The same tanks, 

method of aeration and flow-through system were used in this study as 

in the previous studies. The shrimp were fed 10% of their body weight 

of artificial diet rations each day. Each level of contaminated feed 

(0.600 , 0.160 , 0.0384, 0.008 , 0.0016 and 0 mg/kg), was fed to two tanks 

of shrimp. The first trial lasted four weeks and the second trial 

lasted three weeks. During the three-week trial, the water was treated 

with Cutrine-plus at the beginning of each week.

The anticipated observable effects were abnormal feeding ' 

behaviour, loss of equilibriurn, and death. Shrimp from each, tank were 

sampled each week for histological investigation of tissue damage. The 

same histological procedures were applied as described under Approxi

24
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Water Study

Materials

Fifteen juvenile (2-month old) P. stylirostris shrimp obtained 

from the nursery at Puerto Penasco were placed into individual 500 ml 

smal1-mouthed colorless glass bottles containing 300 ml seawater and 

set up as in Figure 5.

Methods

Three replications of 3 ten-fold serial dilutions of a 10 mg/L 

aflatoxin solution were made. Ten milligrams of aflatoxin dissolved 

in 2 ml methanol was added to one liter seawater and mixed. Into each 

of three, bottles 300 ml was poured. To the remaining 100 ml, 900 ml 

seawater was added and mixed. ■ Once again 300 ml was poured into each 

of three bottles. This procedure was repeated two more times. Three 

control (no aflatoxin) bottles were set up. The final dilutions inves

tigated were 10 mg/L, 1 mg/L, 0.1 mg/L, 0.01 mg/L and 0 mg/L. Shrimp 

were added after the dilutions were made in order to keep the exposure 

time as uniform as possible. During the 24-hour period, all changes in 

behaviour, loss of equilibrium, and the number of deaths were noted.

The shrimp were, not fed during the 24-hour period, but were fed prior 

to the investigation in the large aquarium filled with juvenile shrimp, 

from which the experimental shrimp were taken.
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1/4" tubing

aerator

300 ml seawater

-6" pastuer pipet

500 ml colorless glass bottle

Figure 5. Set-up For Water Study



CHAPTER 4

RESULTS AND DISCUSSION

Penaeid shrimp, Penaeus stylirostris, were exposed to aflatoxin 

to estimate the lethal dose■and to determine a) the effects of acute 

injection, b) the effects of short-term oral feeding, and c) the leth

ality from exposure to aflatoxin in the water.

Injection Study

Exposure to aflatoxin in the approximate lethal dose study

was via the intramuscular injection route, a generally more sensitive

route than the oral route (Loomis 1974). Since the oral route^is the

most common route of contact with aflatoxin B^ for most animals, it is

the most often used route of administration. The 24-hour LD,_1 forb(J
rainbow trout was determined via the intraperitoneal route since the 

trout regurgitated the contaminated feed (Bauer, Lee and Sinnhuber 

1969). Since the sensitivity of the intramuscular and intraperi toneal 

routes are similar, the LDgQ values may be compared.

The inability to determine a 24, 48, 72 and 96 hour LD^q via 

the intramuscular route (injecting up to 50 ug aflatoxin B^ per gram 

body weight) and the extremely high 120-hour L D ^  implied that penaeid 

shrirrp were relatively resistant to lethality and abnormal behaviour 

due to aflatoxin B^, at least via the intramuscular injection for the 

time period tested. Compared to the L D ^  for rainbow trout (0.81 ug/g) 

penaeid shrimp were resistant.



Lethality

Injection of aflatoxin into the tail muscle with up to 160 ug/g 

body weight was the route used to show the maximum toxic effect from one 

dose of aflatoxin on shrimp. Table § summarizes the lethality of the 

approximate lethal dose and the acute injection studies. Figure ■ _6 

graphically shows the relationship between dose and lethality. As. the 

figures show, the effect increases with the dose. From the approximate 

lethal dose results, the estimated LD^q is between 2 and 160 ug/g..
The ID^q determinations were evaluated within two different 

ranges. After quantitation via ultraviolet spectroscopy, the first 

range was from 2 ug/g to 20 ug/g, and the second was from 17 ug/g to 

51 ug/g. Throughout the approximate lethal dose and the first experi

ment no. attempt was made to control gill disease. However, Leucothrix- 

caused. gill disease was controlled by treating the water with Cutrine- 

plus.

For this reason, the second experiment provided more informa

tion. Less than 10 ug/g caused no lethality after 2 hours and only at 

51 ug/g was mortality high. After the addition of Gutrine-plus to the 

water, the gills were kept clear of Leucothrix. Because Leucothrix was 

controlled and no lethality was observed in the controls, deaths were 

assumed to be attributed solely to aflatoxin B^.

Histopathology

The main target organ of aflatoxicosis was the hepatopancreas 

of the shrimp, which performs many of the same functions as the liver 

in vertebrates . Although the dose levels and the length of time needed
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Table 6. The Lethal Effect iof Injecting Aflatoxin Into Shrimp

ug AFB1 No. No. dead No. dead No., dead No. dead
g shrimp Shrimp 24 hours 72 hours 120 hours 14 days

0 . . 5 0 0 1
0.0016 5 0 0 1
0.016 5 0 0 . 0
0.16 5 0 0 0

0 5 0 0
1.6 5 0 0
16 5 0 4
160 5 4 4

0 5 0 2
2.0 5 0 0
6.5. 5 0 0
11.0 5 0 1 .
15.5 5 1 1
20.0 5 2 3

0 10 1 1 1
17 10 1 1 .1
34 10 0 0 1
51 10 0 4 7
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for effects to be observed are species dependent, the liver of all 

tested animal species is affected by aflatoxin in a similar manner.

If the damage in the liver or hepatopancreas is extensive enough, death 

will result. However, aflatoxicosis does not necessarily result in 

death. Compare Table 6 and Figure 6 to Table 7 and Figure 7.

Although the damage appears to be severe and similar in both 

rainbow trout and shrimp, the rainbow trout have more extensive damage 

at much lower levels of aflatoxin. Shrimp have no detectable histo- 

pathological damage at less than 2 mg/kg. The damage observed in 

rainbow trout includes nodules, channelling, advanced tubule degenera

tion and fibrosis. The cellular damage observed in shrimp at elevated 

levels include intertubular hemocytic infiltration and congestion, 

hepatopancreatic" tubule necrosis, and the beginnings of intertubular

fibrotic tissue formation, as shown in Figure 8.•

Shrimp were observed for five days post-injection. More deaths

would probably have .been observed if either the dose was higher,, or if 

the post-injection observation period were increased. Because aflatoxin 

has a relatively low water solubility, concentrations exceeding 50 ug/g 

are hard to obtain, maintain, and control. In addition, if the level 

injected were fed in one dose, the level that would be present in the 

feed would be 500 mg/kg (50 ug aflatoxin/g body weight x 10 g body 

weight/g feed), and the lowest level that produced cell damage would be 

200 mg/kg. In most toxicity studies,. the amount needed in oral feeding 

is much higher than that needed for the same amount of damage from



Table 7. Histopathological Data* of Acute Injection Study

Organ & Damage Concentration of. Aflatoxin B, (ug/g)
51 34 17 0 20 15.5 11 6.5 0

Hepatopancreas
Hemocytic inflammation 3 2 1%3 0 3 3 3 . 1% 0
and infiltration

Necrotic Tubules 3 2 % 0 3 2% 3 1 0

Fibrosis 1 % 0 0 3 2 1 0 0

Gills 0 0 0 0 0 0 0 0 0

Gut 0 0 0 0 0 0 0 0 0

Mandibular Gland 0 0 . 0 0 0 0 0 0 0

*3: Severely damaged
2 % / . Relatively severely damaged 
2: Moderately damaged

1%: Less than moderately damaged
1: S ome damage
%: Slightly damaged
0: Not detectably damaged
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A. Fibrosis and Necrosis Observed 72 Hours 
Post-Injection With 16 ug/g Body Weight 
of Aflatoxin Intramuscularly Into 
Penaeus stylirostris. (132x).

B. Close-Up View of Necrotic Tubules Oserved 
72 Hours Post-Injection With 16 ug/g Body 
Weight of Aflatoxin B, Into Penaeus styli
rostris. (264x).

Figure 8. An Overview of Cellular Damage Observed During the Injection Study.
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intramuscular injection. Therefore, even higher levels would be requir 

in the feed, which further supports the hypothesis that shrimp are 

resistant to aflatoxin at levels found in nature.

Feeding Study

Lethality

Figures 9 and 10 summarize the lethality from up to 0.600 

mg/kg aflatoxin B^-contaminated feed for the three-week period (0.06 ug 

aflatoxin B^/g body weight (mg/kg)).

Until the third week, mortality levels were low in Experiment 1 

This corresponded to the low amount of cellular damage observed in the 

hepatopancreas. Infestation of the .gills by Leucothrix was observed and 

was suspected to be responsible for the deaths that were observed during 

the third week.

This hypothesiss was verified in a Second experiment. Cutrine- 

plus was added to the water to control gill disease. There was lethal

ity during the first week: and slight increase during the next two weeks. 

The initial deaths were assumed to be due to a previously encountered 

disease or to mishandling. There was no .consistent cellular damage 

attributed to aflatoxicosis and lethality was low in Experiment 2, 

indicating that ingested aflatoxin B^ causes little cellular damage.

No histological reason for the mortalities were found. However, only 

survivors of the experiment were examined because none of the shrimp 

that died during the experiment were recovered soon enough after death 

to be suitable for study.
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Histopathology

The shrinp fed a 0.600 mg/kg aflatoxin B^-contaminated feed in 

experiment 1 had cellular damage in the lamella of the gills, but the 

shrimp in tanks treated for gill disease (experiment 2) had no consis

tent cellular damage which could be attributed to aflatoxin and not to 

■ gill disease. Severe and moderate infiltration of the gills was caused 

by a Leucothrix organism in experiment' 1. Gill damage is not charac

teristic of aflatoxicosis, but was the major cellular damage observed in 

the sampled shrimp. The low amount of cellular damage indicates that 

is, shrinp are relatively resistant to aflatoxicosis via the oral route 

when fed 0.240 ug aflatoxin per day for 21 days. At the 38.4 ug/kg 

. level in the second experiment, clusters of 20 to 50 cells with hyper

trophied basophilic nuclei with some undergoing mitosis' were present in 

the core of the hepatopancreas. This unusual condition was not observed 

in all of the sampled shrinp at this level, nor at higher levels of 

contamination. This possible tumor involving the. shrimp's hemocytes 

would be more, analogous to a .lymphosarcoma than to a hepatoma, which is 

the most commonly observed tumor type in vertebrates exposed to aflatoxin.

Discussion

The resistance/susceptibility of penaeid shrimp to aflatoxin B^ 

is subject to comparison with other animal species. Table 8 summarizes 

the results of some previous feeding trials using other animal species 

(Purchase 1974, Moreau 1979).

There are two methods for comparison among Species for resis

tance to aflatoxicosis. The first method is the comparison of levels 

in the feed to the effect. Shrimp appear to be more susceptible than



Table 8. Comparative Effects of Subacute Aflatoxicosis Studies

Species Contamination Days Effect

Rat 0.94 mg/day 23 Giant hepatocytes, testicular lesions.

Mice 4.5 mg/kg feed 90 Slight hyperaemia of renal glomerules, hepatomas.

Monkey 1 mg/kg body wt. 22 Severe hepatic lesions, 100% lethality, fatty 
infiltration.

Guinea Pig 1.5 mg/kg feed 21 Increased mortality, increased hepatolesions, 
massive bile duct proliferation, centrolobular 
necrosis.

Duck 0.8 mg/kg feed 7 Hyperplasia of bile duct, ID„ is 0.364 ug/g.
14 Vacuolation, fatty infiltration.
21 Hepatic nodules, fibrosis, hyperplasia, multiple 

hemorrhages, congested kidney.
• 30 Large nodules, brown/green liver.

Silver Salmon 3 mg/kg 5 90% lethality on day 10.
1 mg/kg 10 100% lethality on day 10.
15 mg/kg 1 0% lethality on day 10.

Channel Catfish 3 mg/kg 5 40% lethality on day 10.
1 mg/kg 5 20% lethality on day 10.
15 mg/kg 1 80% lethality on day 10.

Shrimp 0,60 mg/kg feed 21 Slightly increased mortality, little cellular damage.



• 40
monkeys and guinea pigs. The second and more accurate method is based 

on the ug aflatoxin ingested per g body weight per day for a set number 

of days. Little comparison can be.made on this basis because of 

insufficient data in the literature and the insufficiently high.level of 

contamination. Previous studies did not feed aflatoxin/kg body weight/ 

day for several days, but more often determined the single dose L D ^  

values. The available data inpair comparison of the effects seen in 

penaeid shrimp to other species.

Since resistance/susceptibility cannot be adequately assessed 

by comparison between species, comparison of cell damage between 

controls and those shrimp fed contaminated feed is used. In the first 

experiment the water was not treated to prevent gill disease. The 

increased stress on shrimp from both aflatoxin 33̂  and Leucothrix-caused 

gill disease increased the incidence of death and the susceptibility of 

the organism to subsequently encountered diseases. The cell damage in 

the. mandibular gland, gastric cavity and gills was probably not caused 

by aflatoxin B^, but by subsequent infection. The second experiment 

verified this hypothesis since no consistent damage was observed in the 

hepatopancreas or the other organs.

Since the replications were in good agreement and since there 

was no observable damage attributable to aflatoxin B^, penaeid shrimp 

may be classified as relatively resistant at the levels tested (up to 

0.600 mg/kg feed). The resistance of shrimp to aflatoxin B^, may in. 

part be explained by the detoxification mechanism proposed because it 

has been observed that scavengers contact many poisons in their native 

environment that do not affect them (Barrington 1967). From this obser

vation it was concluded that shrimp can somehow detoxify poisonous



compounds. Another factor Is the type of reaction. There are two types 

of reactions to toxic compounds: a) those, i.e. channel catfish, with

greater sensitivity to a single dose compared to an equivalent amount 

administered in many small doses and b) those, i.e. silver salmon, with 

greater sensitivity to many small doses compared to an equivalent 

amount administered in one dose (Goldblatt 1969). Although this experi

ment was not designed to determine this property, shrimp may behave 

like channel catfish.

The importance of the observation of mitotic figures (see Fig.

8 and 9) in the hepatcpancreas is not known. If the mitotic figures are 

indicative of tumor-like growth, longer term exposures of shrimp to 

aflatoxin may produce true hepatopancreatic tumors. Figure 9 shows the 

four mitotic.stages A-prophase, B-metaphase, C-anaphase, D-telophase.

No other damage was observed in the single shrimp that showed a possible 

effect to explain the presence of the mitotic cells. Only the middle 

contamination level (38.4 ppb) was observed to have these mitotic cells, 

and is also not readily explainable.

Shrimp may be able to detoxify small amounts, but not large 

amounts of aflatoxin. There may be threshhold levels beyond which 

shrimp cannot metabolize the toxin. In addition, the fate of the toxin 

when it reaches the cells is not known —  bioaccumulation, metabolism, 

residues and excretion have not been studied. This study indicates 

that aflatoxin may not be a hazard for penaeid shrimp at the levels 

tested, for the time period tested, but does not indicate safety to the 

secondary human consumer.

41
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A: Prophase Stage of Mitotic Division

B : Metaphase

C : Anaphase

D : Telophase

The four Stages of Mitotic Division Were Observed in the Hepatopancreas 
of Penaeus stylirostris Fed 38.4 ug/kg Feed of Aflatoxin B, After 3 
Weeks of Ingestion. [520x).

Figure 11. The Mitotic Figures Observed in the Hepatopancreas of a
Shrimp Fed Aflatoxin B^.



Water' Study
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The last route of administration was via absorption through the 

gills. Table g sunmarizes the lethality from exposure to aflatoxin 

in the water. Since hi stopathological work was not performed on these 

shrimp, this study was solely based on lethality and abnormal behaviour 

observed within 24 hours. Saturated dissolved oxygen levels were main

tained by tubing attached to disposable pipets to bubble oxygen into 

the bottles. Frequent checks were made to minimize the problem of the 

tubing remaining, attached to. pipets.

Only one death was found at the end of 24 hours at the highest 

concentration (10 mg/L). This shows the resistance of shrimp to afla

toxin. However, Brown (1969) reported 90% lethality with brine shrimp' 

from 1 mg/L and Durackova (1977) reported 24-hour LC^q to be 39 mg/L. 

Our highest level, 10 mg/L, resulted in 1 death out of 3. The cause of 

death was presumed to be aflatoxicosis, but histopathological examina

tion was not done. Therefore, the exact cause of death is not known. 

The results also show that the toxicity of aflatoxin B^ absorption is 

similar between brine shrimp and. penaefd shrimp based on the available

data.
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Table '9. Effect of Aflatoxin in Seawater on Penaeus stylirostris

Concentration Number of

X

Amount of Effects After 24 Hours
in Seawater Shrimp Seawater

10 mg/L 3 300 ml 1 dead

1 mg/L 3 300 ml 1 dead, pipet & tubing

0.1 mg/L 3 300 ml

disconnected

0.01 mg/L 3 300 ml -

0 mg/L 3 300 ml



CHAPTER 5 

CONCLUSIONS

Preliminary examination on the short-term toxicity of aflatoxin 

on shrimp suggests that shrimp are moderately resistant to aflatoxin 

toxicity via the intramuscular injection, oral feeding and absorption 

through the gills. However, further investigation is required via the 

oral feeding route since contamination levels and the length of exposure 

were insufficient to permit comparison with other animal studies for 

relative resistance/susceptibility.

The results of the intramuscular injection, study showed that 

an LDj-g could not be determined for a period of time less than 5 days, 

but most likely for all time periods lies between 50 and 160 mg/kg 

(ug/g) body weight. These levels are extremely high for injection 

studies. However, severe damage in the hepatopancreas was observed as 

tubule necrosis, inflammation and fibrosis after just 72 hours. Over 

the dose ranges tested, the dose/effect relationship was linear.

The more important study was the oral feeding trial, the most 

common route of exposure. As a result of the preliminary study which 

indicated an increased mortality to shrimp ingesting less than 70 ppb 

(0.070 mg/kg) in the feed, the range 0 to 0.600 mg/kg was chosen. This 

range of aflatoxin in artificially contaminated feed proved to be 

insufficient to cause significantly increased mortality even after. 21 

days. However, no damage in the hepatopancreas could be observed after

"45
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21 days of ingesting less than 0.600 mg/kg aflatoxin-contaminated feed. 

Higher levels of aflatoxin in the feed for longer time periods might 

alter the perception that shrimp appear to be resistant to aflatoxin 

toxicity. At the levels that may be present in naturally contaminated 

feed, cellular damage was low. The mortalities do not appear to be 

related to aflatoxin ingestion, but may be due to some unrelated disease 

If the level that was found to cause severe damage in the injection 

study was fed to shrinp, an average of 500 ug aflatoxin must be 

present in each gram feed (500 mg/kg) or approximately 83-1/3 times the 

highest level already tested and 7143 times that which was found in the. 

contaminated feed analyzed in the previous investigation. Therefore, 

further study should not be done to increase the levels, but to deter

mine the effects of aflatoxin on. enzyme activity, the effects on 

reproduction, the amount of residue and bioaccumulation, and the effects 

of long-term exposure of shrimp to aflatoxin.

The results from the studies so far disproved the hypothesis 

that aflatoxin by itself could have killed the shrimp during the 

previous period of high mortality at the shrimp culture facility. In 

addition, the lesions observed in the hepatopancreas from aflatoxin 

exposure were different than those observed in the shrimp affected 

during the BSX exposure. Aflatoxin B^ may have behaved as a synergist, 

cocarcinogen, or procarcinogen and caused an effect. The results of 

this study indicate that Penaeus stylirostris could be one of the more 

resistant species known..

Although residue and bioaccumulation analysis as well as meta

bolic studies have not been investigated, shrimp do not appear to
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suffer from aflatoxicosis. at levels that would be found in the feed. 

Contamination of the feed is the result of mishandling and improperly 

storing the feed. Even under these conditions high levels of contam

ination are not obtained. If the artificial diets are correctly stored, 

aflatoxin would not be a hazard to the shrimp farming industry. Further 

investigation is needed for a more in depth assessment of the hazards of 

aflatoxin contamination for the shrimp farming industry.
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