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Fingerling rainbow trout (Salmo gairdneri) were fed eight 

lactones at 20 ppb (|J.g/kg) in a semi-purified diet for 12 months. 

The coinpounds fed were:    aflatoxins B   ,   B_,   G    and G^; aflatoxin 

analogue (5, 7-dimethoxycyclopentenone[ 2, 3-c] coumarin); 

isobergaptene; tetrahydrodesoxyaflatoxin B    and 7-ethoxy-4-methyl 

coumarin.    Aflatoxin B    was the only compound that produced 

hepatoma in trout at this dietary level which implies that both the 

unsaturated fur an function and the cyclopentenone substituted 

lactone ring function play a role in aflatoxin B    carcinogenicity. 

Trout fed 4 ppb of both aflatoxin B1  and B? developed a sig- 

nificantly higher incidence of hepatomas than those fed 4 ppb 



aflatoxin B    alone and significantly less than fish that received 8 ppb 

aflatoxin B   .    The practical and academic aspects of this synergism 

found between aflatoxin B1  and B    are discussed. 

14 The metabolism of      C from intraperitoneally injected aflatoxin 

14 
B -     C followed two routes in the trout.    Excretion in 12 hours via 

the urine accounted for 50 percent of the injected dose and half of 

14 
this excreted      C consisted of intact aflatoxin B. .    The remaining 

14 
distribution of      C. indicated that metabolites moved from the liver 

to the gall bladder and passed into the lower gut.    Subcellular dis- 

14 
tribution of the liver showed      C entering the liver in a chloroform 

soluble form and becoming bound preferentially to the nuclear and 

microsomal fractions.    Isolation of the nucleic acids from these 

fractions indicated that,aflatoxin B    metabolites were bound in vivo 

to RNA and DNA. 

3 14 
A new method for preparing    H and      C labeled aflatoxins B 

14 
and G    was devised using tritiated water and sodium acetate-2-     C 

added to rice and incubated with Aspergillus flavus ATCC 15517. 

Radiopurity was verified by column chromatography,  thin-layer 

14 3 
chromatography and by reduction of      C and    H labeled aflatoxin 

B1 to tetrahydrodesoxyaflatoxin B 
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Studies of Aflatoxin B    in Rainbow Trout (Salmo gairdneri) 

1. Carcinogenicity and Chemical Structure 
2, Tissue and Subcellular Distribution of      C, from 

Aflatoxin B  -14C 

INTRODUCTION 

Mold infestation of foodstuffs and its control has always been a 

-world food preservation problem.    Recently,  further impetus has 

come from the discovery that certain ubiquitous molds, notably the 

Aspergilli,   elaborate extremely,toxic and powerful carcinogenic sub- 

stances,   called aflatoxins, which can affect domestic animals and 

perhaps man. 

Isolation of the aflatoxins and their characterization as 

fluorescent fur anolactones has led to a careful study, of their toxicity 

and carcinogenicity in many experimental animals. 

The metabolism of the aflatoxins has received limited attention 

and work in this area has been hindered because of the extreme 

toxicity and consequently low dose level that can be used in the 

experimental animal.    A further complication is the difficulty,of 

isolating and tracing non-fluorescent metabolic products of aflatoxin. 

Radioactively labeled toxin is an invaluable aid in such work and has 

only begun to be used. 

This study had two main objectives..    The first was to seek 

possible chemical structural relationships between various lactones 

and carcinogenicity.    Eight lactones were administered to rainbow 



trout in long term feeding trials and the incidence of liver cancer 

determined. 

A second objective was .to determine tissue and subcellular 

14 
distribution of radioactivity from aflatoxin B--     C.    For this study, 

a new method of producing labeled aflatoxins was designed and purity 

of the toxin established by several techniques.    Partial characteriza- 

14 
tion of excreted,   tissue bound,   lipid soluble and aqueous soluble      C 

14 
labeled products from aflatoxin 'B.-     C was performed.    During the 

course of this work,  methodology for future studies on other mold 

metabolites was devised. 



LITERATURE REVIEW 

Aflatoxin 

In Britain during 19.60,   an outbreak of an unknown disease 

occurred in turkeys,   "turkey X" disease,  which was characterized by 

liver lesions and was responsible for the death of over 100, 000 birds 

in a period of a few months (15).    The disease was found to be 

associated with diets containing peanut meal contaminated with a 

mold identified as Asp,ergillus flavus (8).    A metabolite of this mold, 

named aflatoxin,  was later found to be the toxic agent (61). 

Concurrent to the disease in turkeys was an epizootic of liver 

cancer,   or hepatoma,  in hatchery-reared rainbow trout,  Salmo 

gairdneri,. in the United States and Europe (60,  79).    In 1963,  Wolf 

and Jackson (8 6) demonstrated that cottonseed meal was the source of 

a carcinogen in commercially pelleted feeds.    In 19,64,  Engebrecht, 

Ayres and Sinnhuber found that several cottonseed meals contained 

aflatoxin and that these meals were capable of producing hepatic 

carcinoma in rainbow trout and bile duct proliferation in ducklings (9, 

32,   67). 

Chemical Characteristics 

Aflatoxin is a collective term used to describe four compounds 

of the difuranocoumarin type.    The aflatoxins,   B  ,   B_,   G.  and G_, 



are named for their fluorescent characteristics; B..  and B_ appear 

blue and G.  and G_ appear green under ultraviolet radiation at 365 nqx. 

The number designation refers to the migration on a thin-layer plate; 

B    moves the greatest distance from the origin followed by B_,   G, 

andG?,   respectively. 

The aflatoxin structures have been elucidated by Asao^t al/    . 

(6),  Chang:   et al.   (22) and by Hartley,  Nesbitt and O'Kelley, (39) and 

are shown in Figure 1.    These toxins are heat stable and have thermal 

decomposition points above 2/30°C'(7£.). This heat stability leaves the 

metabolites unchanged by pasteurization or heatsterilrzatibnprocesses: 

now used for food products (2).    The aflatoxins are unstable to oxygen 

on a silica gel thin layer plate as-evidenced by a fading of their 

fluorescent intensity after a few minutes exposure to air. 

Aflatoxin B. Aflatoxin G 
1 

O    Q 

Aflatoxin B_ Aflatoxin G„ 

Figure 1.   Structure of aflatoxins. 



Chemical Reactions 

Very little systematic work has been reported on aflatoxin 

reactions in .chemical systems.    What is known may be divided into 

two categories; reactions involving the lactone function and reactions 

involving the furan function. 

Lactone Reactions 

Like most lactones.,   aflatoxins can be reversibly saponified to 

the alkali salt.    Parker and Melnick (5 6) found that with pure aflatoxin 

B    the lactone ring reformed with 94% recovery upon acidification 

with dilute hydrochloric acid.    Sreenivasamurthy,et al.   (72).found with 

aflatoxin in peanut meal that the ring reformation was 80% efficient 

when the salt was acidified.    The alkali salt of aflatoxin is sensitive 

to peroxide oxidation and if treated with hydrogen peroxide before 

re acidification will yield only 15% of unaltered toxin after ring 

closure.     This work may point out a possible route for detoxification 

i.e. ,  saponification of the lactone followed by progressive oxidative 

cleavage along the carboxylic acid side chain. 

Coomes    et al.   (2.6) found.that auto.claving pure aflatoxin B 

for 4 hours at 120° C (15 psig steam) gave a non-fluorescent, re action 

product.     They established that the lactone ring was hydrolytically 

opened and decarboxylation of the carboxylic acid occurred as shown 



in Figure 2.. 

OMe    15 psig 

Figure 2.    Hydrolysis and decarboxylation of aflatoxin B.. 

The pentenone ring of aflatoxin B    can be reduced to a pentene 

ring by hydrogenation with Pd/C. catalyst in ethanol (7).    Reduction 

of the enol ether of the furan ring which also occurs will be discussed 

later.    Products resulting from either peroxidation,  decarboxylation 

or pentenone ring reduction have been shown to be non-toxic by acute 

toxicity tests with ducklings (7 2,   2 6,  7). 

Furan Reactions 

Andrellos and Reid (4) found that aflatoxin B    and G    will react 

in the enol ether unit in the furan ring with a hydroxyl group under 

anhydrous strong acid conditions.    This reaction has been used as a 

confirmatory test,   see Figure 3,   since fluorescence is relatively 

unaffected but the polarity of the toxin is increased,   as indicated by 

the decrease in the distance of migration on a thin layer chromatog- 

raphy (TLC) plate. 



tTyJ + CH3C00H   ^1—^ . f\_i 
1 

Figure 3.    Confirmatory test reaction. 

The furan double bond can be easily reduced by catalytic 

hydrogenation (5% Pd/C in glacial acetic acid) and this reaction pro- 

vides a simple method for the conversion of aflatoxin B    to B    and 

aflatoxin G   .to G- ■(78,  7). 

The furan ring is sensitive to oxidation when exposed to ultra- 

violet light and will form a blue fluorescent compound of greater 

polarity on a TLC plate (3).    This new compound is a hydroxylated 

or hydroperoxylated aflatoxin B    with an additional oxygen atom in 

the 2 or 3 position of the B    furan ring.    This theory .of involvement 

at the 2 or 3 position is supported by the observation that aflatoxin B? 

does not undergo the same reaction. 

Biological Activity 

-The aflatoxins are acutely,toxic to most animal species (82,   61, 

8,  38) with death usually, occurring within the first:72 hours after 

administration of the compound (82).    In contrast,  Bauer,   Lee and 

Sinnhuber (12) found that with rainbow trout,  mortalities began 72 

hours after toxin administration.    In general,   aflatoxin initially 
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causes bile duct proliferation, which may be followed by.liver lesions 

and parenchyma! cell degeneration. Prominent symptoms of chronic 

aflatoxin toxicity include inappetence, , reduced growth rate, dullness,, 

staggering gait and convulsions (2). The extreme toxicity of aflatoxin 

is revealed by the single dose LJD values for 50 g day-old ducklings: 

Bj, .18 yig; "B^   85 jig; Gj,   39 ng; and G^,   173 ^g (21). 

The subacute toxicity- syndrome of aflatoxin in all affected 

species included moderate to severe liver damage as a prominent 

pathological sign.    The most consistently.observed histopathological 

lesion observed was biliary hyperplasia (8'2). 

The study of the carcinogenic activity of aflatoxin has been 

limited to aflatoxins B    and G  .    Hepatoma was produced in long term 

feeding trials in both the rat and rainbow trout (85,   67,   37). 

Lancaster,   Jenkins and Philp   (43) found, that peanut meal contaminated 

with aflatoxin produced multiple liver tumors in rats.    Purified toxins 

have been fed to rats and the relationship between the aflatoxin B 

level of the ration (85) and hepatoma incidence has been clearly 

defined by Newberne (54). 

Dickens and Jones (31) found that rats developed sarcomas or 

fibresarcomas when given multiple subcutaneous injections of 

aflatoxins B    and G...    Six animals received a 50 \i.g dose of mixed 

aflatoxins  (38% B    and 5 6% G1) twice weekly and developed tumors in 

60 weeks.    Five animals received a 500 (ig dose of mixed aflatoxin 



twice weekly and developed tumors in 30 weeks.     Although all 

animals at the two dose levels developed skin tumors,   only one of 

the animals showed liver lesions. 

Sinnhuber.  £t al.   (67) have found that the rainbow trout is more 

sensitive to the hepatocarcinogenic effects of aflatoxin B    than the rat. 

Wogan and Newberne (85) found 100% incidence of hepatoma after 16 

to 20 months when rats were fed aflatoxin B    at a total of 200 ng/Kg 

body weight.    A 65% incidence of hepatoma in rainbow trout was found 

when a total of 18 [ig aflatoxin B1/Kg body weight was fed over 12 

months (69).    At 15 months,  trout on this ration showed a 93% 

incidence of hepatoma with a total aflatoxin B    intake of 27 p.g/Kg body 

weight. 

Chemical Carcinogenesis 

The theories of chemical carcinogenesis can be divided into 

four areas:   the somatic mutation theory,   genetic regulatory 

mechanisms theory,   the immunological theory and the latent virus 

theory.     Brooks and Lawley (18) published an excellent review of 

these four theories and how each theory could be used to explain 

the mechanism of chemical carcinogenesis.     The mutation theory 

states that the carcinogen reacts with the DNA of the cell    in such a 

way as to alter the DNA to a form characteristic of the malignant 

cell.    There may be multiple mutations in order to account for the 
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progressive nature of the carcinogenic process. 

Monod and Jacob (49) in 19 61 advanced a scheme for chemical 

carcinogenesis that involves genetic regulatory mechaiiisms.    The 

protein represser ismodified by the carcinogen and the DNA remains 

unchanged.    This change in the control of the gene function could give 

rise to irreversible changes in cell lines,   such as differentiation and 

carcinogenesis. 

In 1954,  Green (36) postulated that proteins are the significant 

cellular receptors of chemical carcinogens in the immunological 

theory of carcinogenesis.    Tyler (77) in I960,  proposed that genetic 

mutation is caused by deletion or alteration of immunologically active 

proteins. 

In the latent virus theory of carcinogenesis,   a chemical 

carcinogen is thought to release or activate a carcinogenic virus 

within the cell (18). 

There are several classes of chemical carcinogens.    Included 

are the polycyclic hydrocarbons,   aromatic amines,  nitroso compounds, 

alkylating agents and "natural" carcinogens.     Thfe polycyclic hydro- 

carbons and alkylating agents have been the most carefully.studied 

of these compounds. 



: 11 

Biological Alkylating Agents 

Of all the chemical carcinogens,   the alkylating agents have 

given the best model systems for the study of cancer.    Included within 

this class are the sulphur and nitrogen mustards,  epoxides,  ethyl- 

eneimines,  me thane sulphonates and certain lactones.    All these com- 

pounds are capable of alkylating a variety of biological materials 

under physiological conditions  (18). 

Brooks and Lawley (18) found that DNA,   RNA and proteins were 

all alkylated in vivo to about the same extent as measured per unit 

weight.     They reasoned that since DNA has a higher mole weight than 

protein,   the extent of alkylation per molecule of DNA is correspond- 

ingly higher than that per mole protein. 

This contention was supported by Wheeler (81) who stated that 

the biological function of proteins was not sensitive to alkylation.    In 

1959,  Loveless and Stock (46) found that inactivation of T2 and  T4 

phages required only a very few molecules of bifunctiortal alkylating 

agent per molecule of DNA.     The evidence is strong that the cytotoxic 

and mutagenic actions of alkylating agents are due to their reactions 

"with DNA.     However,   the relationship between cytotoxicity,   muta- 

genesis and carcinogenesis is not clearly defined and the possibility 

that RNA or protein are cellular receptors in chemical carcinogenesis 

cannot be overlooked (18). 
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It is generally accepted that the amino acid sequence of a 

protein is determined by the sequence of bases in the DNA chain (18). 

Three consecutive nucleotides in the DNA are a "codon" and each 

codon defines one amino acid residue in the polypeptide chain.     Two 

possible types of molecular change could result in mutation:    a sub- 

stitution of one or more bases for another,   or a loss of one or more 

base pairs from the DNA chain (18).    Both types of mutation have been 

demonstrated,   a substitution causes sickle-cell anemia (41) and a 

deletion causes myelocytic leukemia (55). 

Brooks and Lawley ( 18)  suggested mechanisms for both types 

of mutation.     They found that the N-7 position of the guanine moieties 

of DNA was the principle site of alkylation,  which resulted in an 

increased acidity of the N-l atom of the alkylated guanine.     This 

additional ionized form present at neutral pH resulted in anomalous 

base pairing of ionized 7 -alkylguanine with thymine,   as shown in 

Figure 4,   instead of the usual guanine-cytosine pairing. 

The second most reactive site for alkylation is the N-3 position 

of adenine moieties and the reaction at this position is about  10% of 

the total alkylation (18).    Alkylation of both guanine and adenine 

results in a slow hydrolysis of the purine from DNA.     This could 

result in base-pair deletion type reactions or inactivation of a portion 

of the DNA. 
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Ionized 7 -alkylguanine Thymine 

Figure 4.    Anomalous base-pairing of ionized 7-alkylguanine 
with thymine..    From Brooks and Lawley (18) 

Monofunctional alkylating agents can result inmore than one 

product.    If guanine is converted to 7-alkylguanine,  the complementary 

chain can substitute thymine instead of cytosine.    If the 7-alkyl- 

guanine is depurinated,  the result can be chain scission with or with- 

out repair. 

Bifunctional alkylating agents, which would alkylate two guanine 

bases at the 7 position,   could produce DNA chains with thymine 

substitution of the complementary  chain or scission with or without 

repair of either chain.    Fahmy and Fahmy (33) found in Drosophila 

melanogaster that bifunctional alkylating agents had a greater muta& 

genie effect than monofunctional alkylating agents. 
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Lactone Alkylation 

Dickens (28) reviewed the relationship between lactone structure 

and carcinogenesis.    Roberts and Warwick,   as cited by Dickens (28, 

p.   97),   observed that (3-propiolactone reacted with guanosine in the 

N-7 position to form 7-( 2,-carboxyethyl) guanosine-    This reaction 

could provide the mechanism for nucleic acid interference and the 

cause of mutagenesis. 

In addition to the guanosine reaction,  p-propiolactone also reacts 

with SH groups of cysteine in neutral aqueous solution (30).    The 

resulting thioether,  when injected into rats,  has lost most of the 

carcinogenic activity of the original lactone. 

Some  -y-lactones are carcinogenic,  but it has been found that 

for maximum activity there should be a, (3 unsaturation plus the 

presence of an external,   conjugated double bond attached to the 4- 

position of the lactone.    Lactones lacking the a, Punsaturation have 

failed to produce tumors (28),   see Figure 5. 

Parasorbic acid ( 6 -hexenolactone) has been found to be an 

active carcinogen but 6-valerolactone,   its saturated counterpart, 

does not produce carcinomas. 

Aflatoxin B1 contains the a,p unsaturated 6-lactone function as 

shown in Figure 5. Dickens and Jones (31) found that aflatoxin B is 

as active a local carcinogen (by subcutaneous injection) as P-p'rbpio- 

lactone.    Dickens (28) theorized that since aflatoxin has the unsaturated 
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lactone structure,   this is the mutagenic portion of the molecule. 

P -lactone 

y -lactone 

Active 

2 y—o 

Very active 

H C 

S^Xo    LJ^o    V^o 
Active        Inactive        Inactive 

6 -lactone 

Active 
O 

Inactive 

Figure 5.    Structure requirements for carcinogenic activity. 

Dickens and Cooke (29) found that aflatoxin reacted only 

sluggishly with cysteine in neutral aqueous solution.    However,   the 

remainder of the  y and 6-lactones which were carcinogenic reacted 

with SH groups under these conditions.     The lack of aflatoxin reaction 

did not appear to be solely due to the toxin's low water solubility. 

Biochemistry of Aflatoxin 

Metabolism 

The metabolic studies of aflatoxin have been confined mostly 

to the rat.    Since the liver is the primary site of toxicity,  this organ 
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has been the most widely studied.    Butler and Clifford (19) found 

aflatoxin B    in the livers of rats one-half hour after an intra- 

peritoneal injection or gastric intubation of the toxin in dimethyl- 

formamide.    Aflatoxin B    levels in the liver decreased over a 24 

hour observation period.    At the same time,   a spot corresponding 

to aflatoxin M  ,   a metabolite of aflatoxin B   ,   increased for two hours 

after toxin administration and then decreased.    If a B    conversion to 

M   was taking place,   the conversion was not complete because after 

two hours both B    and M    decreased at a similar rate.    Aflatoxin 

B    and M    were qualitatively measured with only one TLC system 

and no quantification was attempted. 

It was shown by de longh,   Vies and van Pelt (27) that cows fed 

subtoxic levels of a ration containing aflatoxin excreted in their milk 

a compound which was toxic to ducklings.    This compound was 

identified as aflatoxin M and later resolved to M    and M?.    The 

structures were established by Holzapfel, Steyn and Purchase (40) 

and are shown in Figure 6. 

9    o 9    o 

s^OMe 

Aflatoxin M. Aflatoxin M. 
1   2 

Figure 6.    Structure of aflatoxins M    and M 
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Nabney    ej; al.   (53) studied the fluorescent metabolites from 

sheep given an oral dose of a mixture of aflatoxins B    and G..    They 

recovered only 8. 1% of the administered toxin and most of this 

excreted material was in the form of aflatoxin M .    Sheep tolerate 

high dosage levels of aflatoxin B    and Nabney and co-workers 

reasoned that this resistance was due to detoxification of aflatoxin to 

non-fluorescent low molecular weight compounds. 

3 
Rodgers and Newberne (59) used thymidine-   H uptake to study 

the effects of oral administration of aflatoxin B    in the rat and found 

that DNA synthesis was affected within seven hours and a decrease in 

mitosis began after one to three hours.    These changes persisted for 

26-50 hours and then DNA synthesis and mitosis rate returned to 

normal.     These results indicated the rapid transfer of the toxin into 

the liver from the gastro-intestinal tract. 

Clifford and Rees (24) found that 30 minutes after liver slices 

were incubated with aflatoxin B1   (in dimethylformamide solution) 

one-third of the toxin was present in the nucleus of the cell.    This 

indicates that aflatoxin B    is easily transferred across cell mem- 

branes. 

Wogan,   Edwards and Shank (83) followed the excretion and 

tissue distribution of aflatoxin B    and its metabolites in rats.     They 

used both ring-labeled and me thoxy-labeled aflatoxin B    and followed 

C activity in the organs,   carbon dioxide,  urine,  feces,   carcass 
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and subfractions of the liver.    Two types of labeling were used by 

14 
Adye and Mateles (1) to prepare the aflatoxin B  -     C for metabolic 

14 
studies; ring-labeled toxin from sodium acetate-1-     C and methoxy- 

14 
labeled toxin from L-methionine-methyl-     C.    As will be indicated 

later in this thesis,  there may be some doubt as to the radioactive 

purity of the ring-labeled aflatoxin B... 

It was found that with the methoxy-labeled toxin 26% of the 

radioactivity was respired as carbon dioxide,  20% excreted as urine 

and about 24% excreted as feces.    With ring-labeled toxin 0. 5% of the 

radioactivity was respired as carbon dioxide,   about 2 3% excreted in 

the urine and 57% excreted in the feces.    It was postulated that the 

methyl group was being removed from the toxin and oxidized to 

carbon dioxide while the remaining phenolic derivative was excreted 

in the bile in conjugated form.    To confirm this postulation,  Wogan 

and co-workers found that in a ring-labeled toxin study the 

appearance of radioactivity in the bile was at a peak 15 minutes after 

.14 
dosing.     The peak      CO    production from the methoxy-labeled 

aflatoxin was between one and two hours.    No identification or 

characterization of radioactive metabolites was performed in the 

excretion and distribution work in rats  (83).     Fractionation of the 

liver showed that there was an accumulation of radioactivity in the 

microsomal fraction. 

14 
Bassir and Osiyemi (11) found that radioactivity from      C 
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labeled aflatoxin B    administered by intraperitoneal injection was 

rapidly recovered in the bile.    In the first 6 hours,   30% of total 

dose counts were recovered in the bile.    Only one-third of this 

amount was found in the chloroform soluble compounds.    Wogan, 

Edwards and Shank (8 3) found that 24-49% of the radioactivity from 

ring-labeled aflatoxin appeared in the bile in the first 2 hours.    In 

an earlier work,   Falk,   Thompson and Kotin (34) found that 

fluorescence in the bile rose to a maximum after 20-30 minutes 

and returned to normal after 2 hours.    The most strongly fluorescing 

spot by paper chromatography was the unchanged aflatoxin B    spot. 

These results indicate that a major excretion route in the rat is via 

the liver and bile,   into the gut and eventual removal in the feces. 

Biochemical Interaction 

14 
Smith (70) found that      C-leucine was incorporated into protein 

at a slower rate when the aflatoxins were incubated with either rat 

or duckling liver slices.    He also found that rat kidney slices were 

not influenced by twice the concentration of toxin which caused total 

inhibition of protein synthesis in liver slices. 

Shank and Wogan (64) found that there was a biphasic mode of 

leucine incorporation into protein in the rat liver.     There was a brief 

inhibition of protein synthesis followed by a prolonged increase in the 

rate of incorporation.    The inhibition was attributed to suppression 
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of nuclear RNA synthesis.    The subsequent rise in synthesis was not 

explained but did follow the pattern for other hepatocarcinogens,   i. e. , 

2-aminofluorene (5) and dimethylnitrosamine (52). 

Wogan and Friedman (84) studied the effect of aflatoxin B    on 

liver tryptophan pyrrolase synthesis.    It was found that aflatoxin B 

•would inhibit hydrocortisone induction of de novo pyrrolase synthesis, 

but would not inhibit tryptophan induction.    The tryptophan induction 

depends on enzyme stabilization not synthesis.    Wogan and Friedman 

reasoned that the two effects indicated that the aflatoxin B    inhibited 

the synthesis at a specific step. 

Aflatoxins have also been found to interact with plant protein 

synthesis.    Schoental and White (62) found that crude aflatoxin 

inhibited the germination of cress seeds (Lepidium sativum L. ). 

Black and Altschul (13) showed that aflatoxin inhibited gibberellic 

acid-induced increases in lipase and a-amylase activity in ger- 

minating cottonseed.    In another study on cottonseed (42),   results 

indicated that aflatoxin inhibited protein synthesis at a later step 

than DNA-dependent RNA synthesis.    Here,  aflatoxin may have 

interferred withmessenger RNA function,   and this interference was 

overcome by additional formation of messenger when more gibberellic 

acid was added. 

Sporn    et al.   (71) found that aflatoxin B    would bind to DNA 

in vitro by absorption spectra shift of the toxin and by equilibrium 
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dialysis.     The aflatoxin did not appear to bind to bovine serum 

albumin nor calf thymus histone.    It was determined that 600 moles 

of native DNA-phosphorus would bind 1 mole of aflatoxin B    and 170 

moles of denatured DNA-phosphorus would bind 1 mole of aflatoxin 

B  .    Sporn and coworkers (71) also found that in rat liver aflatoxin 

B    blocked cytidine incorporation into nuclear RNA and lowered the 

nuclear RNA/DNA.    These two facts showed that RNA synthesis was 

blocked in the nucleus.    This inhibition persisted for at least 17 

hours. 

Clifford,   et al.   (25) found that the difference spectra of 

aflatoxin B    and DNA interaction,   inhibition of RNA synthesis in 

liver slices,   and toxicity were parallel in the rat.    Aflatoxin B    pro- 

duced a greater inhibition of RNA synthesis and had a more 

drastically changed spectrum with DNA than G,  and G0.    G,  showed 

a greater difference with DNA in spectrum than G  .    From these 

results,   Clifford,   et jd.   (25) postulated that the DNA interaction was 

responsible for the toxicity of the aflatoxins. 



22 

EXPERIMENTAL 

Preparation of Lactones 

Aflatoxins B   ,   B-,   G    and G- 

Aflatoxins B    and G1 were prepared by inoculating rice with 

Aspergilltts   flavus (American Type Culture Collection 15517) and 

growing the mold for ten days.    The crude aflatoxin was obtained by 

chloroform    extraction of the rice.    After workup,   the crude 

aflatoxin was separated on a silicic acid chromatography column and 

aflatoxins B    and G1 were recrystallized three times from ethanol. 

Just before feeding,  the purified toxins were rechromatographed on 

silicic acid and recrystallized twice from ethanol.    Details of these 

procedures are reported in Appendices I through VI. 

Aflatoxins B- and G_ were prepared by hydrogenating a crude 

mixture of the four toxins to the reduced toxins followed by separa- 

tion on a silicic acid column.    After three ethanol recrystallizations, 

the purified toxins were rechromatographed and recrystallized twice 

from ethanol just prior to use.    These procedures are found in 

Appendices V and VI. 

All solvents in this work were redistilled and were USP or 
reagent grade. 
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Purity of the individual toxins was verified in several ways. 

The eluted fractions from the second chromatography column 

indicated that more than 95% of the applied toxin was in pure form 

2 
when applied to the column.    Thin-layer chromatography (TLC) 

using chloroform:acetone 9:1 v/v as moving phase showed that only 

one fluorescent compound was present.    Fluorodensitometry (see 

Appendix IX) indicated that only one of the toxins was present in the 

sample.    UV spectrophotometry indicated that the extinction 

coefficients were within 5% of the literature values,   see Appendix 

VIII.    Repeated recrystallizations on the purified toxins indicated 

no change in UV spectra.    Special care was taken to insure that no 

aflatoxin B    was present in the aflatoxins B_,   G1  and G- because 

of the extreme carcinogenicity of aflatoxin B   . 

Quantification of the toxin was performed by averaging the 

concentration values obtained from ultraviolet absorbance calcula- 

tions at three wave lengths for each toxin as in Appendix VIII.    The 

toxin was dissolved in ethanol and solvent evaporated in vacuo to 

drive off any chloroform which might be present in the crystalline 

toxin.    After two such treatments,  the toxin was dissolved in ethanol 

for UV examination. 

2 
A MN-silica gel G-HR (Brinkmann Instruments,   Inc. ) layer 

250 micron thick was used throughout this work in an unequilib rated 
chamber unless otherwise specified. 
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Tetrahydrodesoxyaflatoxin B.. 

THDB   ,   tetrahydrodesoxyaflatoxin B   ,  was prepared by hydro- 

genation of aflatoxin B    and purified by recrystallization and column 

chromatography.    Procedures are reported in Appendices VII,   V 

and VI.    Purity was verified as with the other toxins and UV spectra 

used to quantify the ethanol solution for feeding trial. 

7-ethoxy-4-methyl Coumarin 

This substituted coumarin was obtained from K and K 

Laboratories,  Inc.   (Plainview,  N.   Y. ) and was used without further 

purification.    TLC and fluorodensitometry showed only one fluorescent 

spot and the ethanol solution for feeding trial was prepared by weighing 

a vacuum dried sample.    UV spectra and TLC data are listed in 

Appendix VIII. 

Isobergaptene 

Isobergaptene was obtained from K and K Laboratories,   Inc. 

and was used without further purification.    An ethanol solution for 

the feeding trial was prepared by weighing a vacuum dried sample. 

UV spectral data are listed in Appendix VIII. 
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Aflatoxin Analogue 

The aflatoxin analogue (5, 7-dimethoxycyclopentenone[ 2, 3-c] - 

coumarin) was obtained from Dr.   J.   V.   Rodricks of the Food and 

Drug Administration and was used without further purification. 

TLC and fluorodensitometry showed only one fluorescent spot and 

the ethanol solution for feeding trial was quantified by UV spectra as 

indicated in Appendix VIII. 

Preparation of Diet 

For Diets 30-33 and 37-40 ethanol solutions containing 60 ^g/ml 

of each lactone was prepared and 1 ml was added to 300 g salmon oil. 

As indicated previously,   special care was taken to prevent solvents 

other than a small amount of ethanol from entering the diet because 

of possible hepatotoxic effects.    The salmon oil containing the lactone 

was incorporated at a 10% level into a semisynthetic ration with the 

composition shown in Appendix XV.     The final concentration of the 

lactone was 20 ppb (parts per billion),   or 20 |i.g/Kg. 

For Diets 34-36, ethanol solutions containing 12 ^g/ml of 

aflatoxins  B    and B_ were prepared and added to the salmon oil and 

the oil incorporated into the ration.    Table 1 lists the diets, 
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Experimental Feeding Trials 

Rainbow trout (Salmo gairdneri) eggs of the Mt.   Shasta strain 

3 
were spawned and hatched in our laboratory facility    and held on con- 

trol diet for 60 days before initiation of experimental diets.    Groups 

of 100 trout fingerlings were randomly selected and placed in 150 

gallon fiberglass tanks with a water flow rate of four gallons per 

minute at a temperature of 120C with an oxygen content of 8. 5 to 

9. 5 ppm. 

Duplicate groups of fish received one of eight diets containing 

20 ppb of tested lactones or of three diets containing lower levels of 

aflatoxins B    and B_. 

After 8 and 12 months,   a 10% sample of fish was taken from 

each tank with a net designed for random sampling.    The fish were 

killed with tricaine methane sulfonate,  explored for gross abnormalities 

and preserved in Bouin's fixative.    The livers from the eight-month 

sampling were examined for gross surface hepatoma nodes.    The 

livers from the twelve month sampling were hand sectioned in 1 mm 

slices and nodes of greater than 1 mm diameter counted.    In 

questionable cases,  the tissue was sectioned by microtome and stained 

with hematoxylin and eosin for microscopic examination.    The diets 

3 
Food Toxicology and Nutrition Laboratory,  Department of 

Food Science,   Oregon State University,   Corvallis,   Oregon. 
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without aflatoxin B   ,   B   ,   G1  and G_ were terminated at 12 months 

and all livers were sectioned as above.    Results are reported in 

Table 1.    Additional samples at 15 and 18 months will be taken from 

the groups fed aflatoxin. 

Preparation of Radioactive Aflatoxin 

Resting Cell Preparation of Aflatoxin 

Adye and Mateles (1) described a procedure for the incorpora- 

14 
tion of      C into aflatoxin.    The mold was grown in submerged shaking 

culture for 48 hours,  mycelia blended and rinsed with distilled water 

to remove nitrogen containing compounds.    The cells were resus- 

pended in a media containing a carbon source,   glucose,  but no nitro- 

gen source for growth.    These "resting" cells produced aflatoxin in 

14 
a period of 24 hours.    When the mold was supplied with      C labeled 

sodium acetate and amino acids,   the resulting toxin contained radio- 

activity.    According to Adye and Mateles,   these toxins after TLC 

separation were scraped from the Kieselguhr plate,   eluted with 

methanol and the radioactivity and aflatoxin concentration determined 

by liquid scintillation and UV spectra,   respectively. 

Wogan,   Edwards and Shank (83) later found that the purified 

aflatoxin B    from the Adye and Mateles (1) preparation gave a single 

fluorescent spot on Kieselguhr plates and all radioactivity was 
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present in the aflatoxin B    position as monitored by X-ray film 

exposure to the plate. 

In our hands,  the Adye and Mateles (1) procedure gave approxi- 

mately, the same chemical yield of aflatoxin B1 from the submerged 

media (3. 2 mg/50 ml media) using the same mold strain,  A.   flavus 

ATCC 15517. 

After extraction of the crude aflatoxin with chloroform, 

separation of the aflatoxin was achieved by column chromatography 

as shown in Appendix V.    Because of the small yields of toxin,  no 

recrystallization of the toxin was performed,  but a second silicic 

acid column was run and aliquots from each fraction were examined 

by TLC and liquid scintillation.    Figure 7 indicates that the radio- 

activity was separated from the aflatoxin B   . 

The aflatoxin B   was applied to a TLC plate (0.050 \j.g in a 

2 ^1 spot) and developed with chloroform:acetone 9:1 v/v.    After the 

solvent front had traveled 15 cm from the origin,   the plate was 

removed from the chamber and aflatoxin B    spot scraped from the 

plate into a counting vial.     The same size aliquot was spotted on an 

undeveloped plate and scraped into a counting vial.    Toluene gel was 

added and the sample counted by liquid scintillation and efficiency 

calculated by internal standardization.    By this procedure,   all the 

14 
C was found in the aflatoxin B1  spot.    However,  when chloroform: 

acetone 95:5 v/v was used as developing solvent a yellow spot which 



Figure 7.    Column chromato graphic purification of aflatoxin B1 

prepared by resting cell procedure. 
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moved slightly ahead of the aflatoxin B    spot contained 60% of the 

radioactivity.    To further investigate this problem,   the aflatoxin B 

was spotted in a corner and developed one direction with chloroform: 

acetone 95:5 v/v and then turned 90° and developed with chloroform: 

acetone 9:1 v/v.    Starting with 3,800 dpm present in applied aflatoxin 

B   ,  the final separated toxin had only 15 dpm. 

14 
When 1 mg of aflatoxin B    prepared by sodium acetate-1-     C 

resting media was added to 19 mg of aflatoxin B    prepared without 

radioactive isotope as in Appendices I-VI and precipitated from 

chloroform solution twice with hexane,  the radioactivity remained 

14 14 
in the hexane solution (98%      C in hexane filtrate,  2%      C in aflatoxin 

B   precipitate).    Recrystallization of a similar mixture from ethanol 

14 
reduced the      C, content of the toxin substantially with each separa- 

tion.    From these results,   it was clear that the aflatoxin B    was 

contaminated with a highly radioactive impurity which was present 

at a low chemical level.    This could explain why the radioactivity 

remained with the aflatoxin B    spot in a chloroform:acetone 9:1 v/v 

development.    The trace impurity migrated with the first substance 

traveling up the TLC plate. 

The mold mycelia might have been harvested too late to have 

incorporated acetate into the toxin.    This possibility was checked 

by blending the mold after just 40 hours growth and transferring the 

cells to resting media.    Similar incorporation results were obtained 
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except that reduced toxin yield was noticed.    The lowered yield was 

probably due to reduced mycelial volume. 

It was not clear by the data presented by Wogan,   Edwards and 

Shank (83) whether the ring-labeled toxin used in their experiments 

14 
(from sodium acetate-1-     C) had the radioactivity incorporated into 

the aflatoxin B   .    However,  it was apparent from our results that 

14 
this procedure cannot be used for      C labeled aflatoxin production. 

Growing Cell Preparation of Aflatoxin 

14 
From the previous study it appeared that incorporation of      C 

into the aflatoxin precursors occurred before the intact toxin was 

produced.    Therefore,  it was desirable to select a reliable prepara- 

tion of toxin which would give maximum aflatoxin production for 

minimum carbon supplied since most of the precursor would be 

metabolized to carbon dioxide or incorporated into mycelia.    Rice 

was the substrate of choice for three reasons.    First,  the conversion 

of carbon from rice to aflatoxin was quite high (1 g rice to 1 mg 

aflatoxin B  ).    In other media,   including semisynthetic and synthetic 

liquid types,  the carbon source is a sugar and although very little 

of the caron is used,   a high concentration i. e. ,   10-20% is required 

for osmotic pressure requirements in the standing liquid media. 

Second,   the rice produced low amounts of radioactive impurities 

with chromatographic similarities to aflatoxin as will be shown later. 
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Third,   rice was a very dependable substrate,   giving more 

reproducible toxin production than standing or shaking liquid cultures. 

14 
Preparation of      C Aflatoxin on Rice 

A standard procedure was followed for growing the mold on rice. 

14 
Eight ml tap water  containing the       C  labeled compound w a s 

placed into a 125 ml Erlenmeyer flask and 5. 0 g polished rice was 

added to each flask.    The flasks were loosely plugged with gauze- 

wrapped plugs,   covered with foil and autoclaved at 15 psig,   1210C 

for 15 minutes.    After cooling,   1 ml of A.   flavus ATCC 15517 spore 

suspension (0. 5-1. 0 viable spores/ml    counted as in Appendix I) was 

inoculated into the flask with a syringe and the flasks placed in a 

water bath adjusted to 26-270C.    The water bath was situated in a 

14 
hood to discharge the       CO- formed in the growth process. 

The flasks were incubated for a total of seven days.    On the 

third day,   the rice mat was broken free from the bottom of the flask 

by tapping to allow growth on both sides of the mat.    At the end of 

the growth period heavy sporulation was observed on both sides of 

the rice mat. 

The crude aflatoxin was extracted by refluxing the broken-up 

rice mat with 3-50 ml portions of chloroform,  the first two reflux 

periods were one hour long and the third period was two hours long. 

After filtration to remove the spores from the extract,  the filtrates 
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were dried over anhydrous sodium sulfate,  filtered and evaporated to 

residue.     The residue was taken up in 10 ml chloroform and 2 |i.l 

applied to the corner of a TLC plate and the plate developed once with 

chloroform: ace tone 95:5 v/v,   turned 90° and developed with 

chloroform:acetone 9:1 v/v.    The aflatoxin B    spot was scraped from 

the plate into a counting vial,   toluene gel added and the sample 

counted by liquid scintillation spectrometer.    To determine the 

aflatoxin B    chemical level,  the aflatoxin B    spot was compared with 

the developed standards on a separate plate.    In all cases,  the double 

development removed any radioactive compounds present as 

14 
impurities in the      C-aflatoxin B    and G1.    The purification 

efficiency was verified by re'crystallization and other purification 

methods mentioned later in the experimental section. 

After the toxin level in the extract was determined, like extracts 

were combined,  two flasks or more,   and crude toxin applied to a 

silicic acid cleanup column (73 ).    This column consisted of 10 g 

granular silicic acid added to a 2. Ox 30 cm chromatography column 

containing a cotton plug and chloroform to two-thirds column height. 

After the silicic acid was packed,   a 2 cm layer ofanhydrous Na SO 

was added and solvent level lowered to bed height before sample was 

applied using 3-5 ml portions of chloroform.    The column was 

washed with 150 ml hexane and 150 ml anhydrous diethyl ether and 

the aflatoxins were eluted with 150 ml chloroformrmethanol 97:3 v/v. 
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After concentration, the purified crude toxins were applied to a 1.2 x 

32 cm jacketed chromatography column and separation was performed 

as in Appendix V.    Figure 9 shows the separation obtained from a 

14 
NaOAc-2-     C preparation of aflatoxin.    The fractions containing 

aflatoxins B1  and G1 were each recrystallized 3 times from ethanol 

in 5 ml centrifuge tubes.    The yield of aflatoxin B    from this prepara- 

tion was consistently about 5 mg/5 g rice and the aflatoxin G    yield 

~#as 3 mg/5 g rice. 

14 
Effect of      C Source 

14 
Several different      C sources were tested to determine which 

produced the greatest label incorporation into aflatoxin B  .    Two 

flasks containing the following substrates were tested:    glucose-U- 

C,   10 (xc/flask; sodium acetate-1-     C,  400 jic/flask; sodium 

acetate-2-     C,   1 jic/flask,   10 ^c/flask,   50ij.c/flask and 1000 ^c/flask. 

After completing the workup,  the crystalline toxins dissolved in 

ethanol were assayed for radioactivity by counting an aliquot in a 

dioxane fluor solution (Appendix X) with a liquid scintillation 

spectrometer.    Chemical concentration of the toxin was obtained 

from the UV spectral data at the three wave length maxima of the 

toxins (Appendix VIII) and specific activity calculated and reported in 

Tables 2 and 3. 
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Chemical Level of Acetate 

A higher chemical level of sodium acetate was supplied to the 

14 
mold by adding 10 JJLC sodium acetate-2-     C (16. 4 |j.g) to each of 6 

flasks and adding 0,   50 and 500 mg of sodium acetate to each of two 

flasks.     These levels correspond to 0,   1 and 10% level of sodium 

acetate carbon source when 5 g of rice was present in each flask. 

After the addition of 8 ml tap water,   sterilization,   inoculation, 

incubation and workup,   the aflatoxin B    was purified by column 

chromatography.    The 0 and 1% levels gave comparable results but 

at the 10% level of sodium acetate,  mold growth was retarded and 

toxin production depressed. 

3 
Preparation of    H Aflatoxin on Rice 

Four 1Z5 ml Erlenmeyer flasks containing 5.0 g rice and 6 ml 

tap water were plugged and sterilized as previously described.    Then 

50 JJLI of 100 mc/ml tritiated water was added to 2 flasks and 100 \il 

of 100 mc/ml was added to the other 2 flasks.       Two ml of 

sterile tap water and 1 ml of A.   flavus spore suspension were added 

to each flask and the flasks  swirled.     The tritiated water was added 

after sterilization to prevent tritium contamination of the autoclave. 

After incubation for 7 days,  each flask was extracted with 

chloroform,  filtered and the filtrates extracted with 2-200 ml 
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portions of distilled water to remove any unreacted tritiated water. 

After drying over anhydrous sodium sulfate the purification of the B 

and G1   proceeded as previously described.    After recrystallization, 

specific activity of the purified toxins was determined using liquid 

scintillation and UV spectra for quantification.    The data are 

presented in Table 4. 

Aflatoxin Purity 

Great care must be taken in preparing radioactive compounds 

for biological distribution studies.     One must be certain that the 

compounds are chemically and radioactively pure.    To ascertain 

chemical purity,   the purified toxins which had been column separated 

and recrystallized three times from ethanol were recrystallized 

three more times from ethanol.    Aliquots from each filtrate and 

from an ethanol solution of the final crystalline aflatoxin were 

examined by UV spectrophotometry.    All solutions gave similar UV 

spectra and compared well with values given in Appendix VIII.    An 

aliquot of each solution was also analyzed for radioactivity and the 

calculated specific activity remained constant throughout the three 

recrystallizations.    Purity was also verified by TLC,   column 

chromatography and reduction. 
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Thin-layer Chromatography 

3 14 
Purified crystalline    H and       C labeled aflatoxin B1  was dis- 

solved in chloroform,   50 |ig/ml,and 2-2^.1 spots were applied to each 

of five TLC plates.    On the same locations,   a 2 |j,l spot of a non- 

radioactive mixture of the four aflatoxins,   10 \ig/ml of each toxin, 

was applied to act as an internal standard to indicate separation on 

the plate.     The plate was developed in one of five commonly used 

solvents which are listed in Table 5.     After development,   each plate 

was viewed with a UV light and it was observed that the mixed toxin 

separation was unaffected by the aflatoxin B    applied in the same 

location.     The aflatoxin B    spot was scraped from the TLC plate into 

a counting vial,  toluene gel added and sample counted to 2% standard 

4 
error.       The developed spot was compared with a similar undeveloped 

spot and results are given in Table 5. 

Column Chromatography 

Because of the problems encountered with the Adye and Mateles 

3 
(1) procedure (see Figure 6),   a 1 mg sample of crystalline    H and 

14 
C labeled aflatoxin B    was applied to a 0. 80 x 42 cm jacketed 

chromatography column containing silicic acid and eluted with 

4 
Standard error as shown in Calvin,   et al.   (20). 
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chloroform:ethanol 99:1 v/v.     After elution,   an aliquot of each 

fraction was examined for both radioactivity and aflatoxin B    con- 

centration by liquid scintillation and UV spectra,   respectively.     The 

results are indicated in Figures  11 and 12. 

Reduction 

Reduction of aflatoxin B    to tetrahydrodesoxyaflatoxin B. 

(THDB, )   is a relatively simple reaction and can be used to deter- 

14 3 
mine whether the       C or    H label remains with the aflatoxin B^ 

For this reaction,   1 mg (3.2 (jimoles) of crystalline labeled aflatoxinB. 

was dissolved in 30 ml ethanol,   50 mg 5% Pd/C catalyst added and 

the mixture hydrogenated for 90 minutes in a Brown apparatus  (see 

details in Appendix VII).    After reduction to the    THDB    product, 

the catalyst was removed by filtration,   the filtrate evaporated and 

the residue dissolved in 1 ml chloroform.    A 20 \xl portion of this 

solution was applied to a TLC plate in a narrow streak and a 20 \il 

portion of non-labeled aflatoxin B    of the same concentration was 

also applied on the same narrow streak.    A 20 |j.l portion of labeled 

aflatoxin B1 ,   1 mg/ml chloroform,   was applied in another location 

on the TLC plate and this streak covered with 20 (j.1 of a non-labeled 

THDB   ,,     The first streak contained 20 |j.g of   THDB    from a labeled 

preparation and 20 \ig of non-labeled aflatoxin B^     The second 

streak contained 20 |j.g of non-labeled   THDB1  and 20 ^g of a labeled 
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preparation of aflatoxin B   .    Therefore,  both streaks had the same 

chemical composition.    After development with chloroform: ace tone 

95:5 v/v,   three distinct fluorescent areas were noticed on the plate: 

low R   material,   aflatoxin B    and THDB^      These three areas were 

scraped from the plate into a vial,   toluene gel added and samples 

counted to 2% standard error with a liquid scintillation spectrometer. 

Results are reported in Table  6. 

14                                               14 
Tissue and Excretion Distribution of      C from Aflatoxin B   - C 

Experimental Animal 

The rainbow trout were held in fiberglass tanks and were 9-12 

months old for these studies.     The administration of the aflatoxin 

B    dose in dimethylformamide (DMF) and route of dosing was by 

intraperitoneal (IP) injection.     Bauer,   Lee and Sinnhuber (12) found 

that aflatoxin B    was stable in DMF for at least 48 hours when stored 

at -20oC and that trout intubated  with 0.8 mg aflatoxin B  /Kg body 

weight regurgitated their stomach contents.     A series of tests showed 

that this reaction was caused by aflatoxin B    and not the DMF.     For 

this reason,   an IP injection was selected as the dose route for tissue 

and excretion studies of the toxin. 

Intraperitoneal dose leakage was checked by injecting 100 JJII 

of a saturated solution of p-apo-S'-carotenal,   a biodegradable dye, 
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5 
in DMF    into a trout with a 100 JJLI syringe with a 26 gauge needle. 

Four trout weighting 90-110 g were given this IP injection just 

anterior and dorsal to the left pelvic fin after being anesthetized with 

tricaine methanesulfonate.    Individual fish were placed in a 500 ml 

glass cylinder,   5x29 cm,   and 200 ml water added,  each cylinder 

supplied with an oxygen bubbler and the cylinders placed in a constant 

temperature bath at 11°C.    After 3 hours,   the fish were removed 

from the cylinders and water in the cylinders compared to water 

representing 1,2,   5 and 10% leakage.    Less than 1% of the dye 

leaves the trout by leakage and dissection of the trout indicated that 

the dye was still in a colored form in the body cavity. 

14 
Gross Distribution of      C 

Five trout weighing 45-75 g each were fasted for 2 days, 

anesthetized with tricaine methanes ulfonate and injected intra- 

14 z 
peritoneally with aflatoxin B   -     C at 2. 0 mg/Kg body weight in a 

/ 6 solution of 2 mg B   /ml DMF.       The fish were fin clipped for identifica- 

tion and placed in a 2 x 2 x 1. 5 ft.   tub and supplied with fresh water 

at a rate of 1 gal/min.    At 2,   6,   12,   24 and 75 hours after injection 

5 
Merck Co.   reagent grade dimethylformamide. 

6 14 
Aflatoxin B,-     C for gross studies had a specific activity of 

55 dprn/jjig toxin and for the remaining studies had a specific activity 
of 462 dpm/|ig toxin. 
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one fish was sacrificed and immediately dissected.     The heart,   live-r, 

gall bladder,   spleen,  body fat,   lower gut,   stomach,   gills,   kidney 

and a sample of muscle and skin were each weighed into screw- 

capped bottles.    The tissue was digested with alkali as indicated in 

Appendix XI and an aliquot of each tissue digest was placed in a vial, 

tissue dioxane gel was added and the sample counted with a liquid 

scintillation spectrometer to 10% standard error. 

Recoveries were calculated by dividing dpm found in each 

whole organ by the amount of dpm dosed into the animal.    Because 

14 
the spleen, heart,   gills,  body fat and stomach each showed      C 

recoveries of less than 0. 60% at each time interval,  these tissues 

14 
were not studied further in relation to      C distribution.    The results 

of the gall bladder,   liver,  kidney and lower gut are shown in Figure 

14. 

14 
To determine the total quantity of      C remaining in the body, 

12 trout weighing 25-40 g each were anesthetized with tricaine 

methanesulfonate and injected intraperitoneally with 80 |j.g aflatoxin 

14 
B  -     C which was dissolved in 40 JJLI DMF.     Three trout were 

sacrificed at 0. 5 hour after dose and one fish killed at 2,   4,   6,   9, 

12,  24,   48 and 96 hours after dosing.    The whole fish were digested 

with alkali as described in Appendix XI,   a 1 ml aliquot added to tissue 

dioxane gel and the sample counted with a liquid scintillation 

spectrometer to 5% standard error.     The results are shown in 
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14 
Figure 14 and indicate that about one-half of the       C was excreted 

from, the trout in the first 8 to 12 hours.     Because of this rapid 

excretion rate,   the amount of label present in expired CO_ was 

measured. 

14. 
R espirometry of      CO 

Six trout weighing 42-54 g each were fasted for 4 days, 

anesthetized with tricaine me thane sulfonate and injected intra- 

14 
peritoneally with 150 \ig aflatoxin B   -     C whicji was dissolved in 

50 (jil DMF.    Duplicate 3 fish groups were placed in 1 gallon bottles 

with 3. 2 liters water and the bottles placed in a constant tempera- 

ture bath at 11°C.     Carbon dioxide-free oxygen was bubbled through 

the bottles and respired carbon dioxide was collected in 2 test tube 

traps connected in series with each containing 25 ml    of methanol: 

ethanolamine 4:1 v/v.     The traps were changed at intervals of 1,   2, 

3,   4,   6,   8,   10 and 12 hours.     After 12 hours,   the fish were removed 

and 5 ml of glacial acetic acid was added to each bottle,  the bottles 

were heated to 40 °C and purged with oxygen for 90 min to trap any 

residual carbon dioxide.     The absorption solvent was counted by 

adding 10 ml of the ethanolaminermethanol to 10 ml of ethanolamine 

toluene fluor (see details in Appendix X) and counted using a liquid 

scintillation spectrometer to 10% standard error.     Recovery was 

based on dpm of dosed aflatoxin. 
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The experimental animals were dissected immediately after 

respirometry and the gall bladder,   liver and lower gut removed and 

weighed.     These three organs plus the remaining body were digested 

with alkali as indicated in Appendix XI,  placed in a counting vial, 

tissue dioxane gel added and the sample counted with a liquid 

scintillation spectrometer to 10% standard error.    Results are listed 

in Table 8. 

Because of low respirometry yields,  a 3 ml sample of the 

purged water was placed in a vial and 15 ml of dioxane fluor added 

and sample counted with a liquid scintillation spectrometer.    The 

recoveries were calculated on the basis of dosed aflatoxin. 

Excretion of      C 

Six trout weighing 59-69 each were fasted for 4 days, 

anesthetizedwith tricaine me thane sulfonate and 3 fish injected intra- 

14 
peritoneally with 150 ^g aflatoxin B^     C which was dissolved in 

50 |j.l DMF.     The other 3 trout were injected with 75 (jig aflatoxin 

14 
B   -     C which was dissolved in 25 |jil DMF.    After dosing,   individual 

fish were placed in a 500 ml glass cylinder,   5 x 29 cm,   and 200 ml 

water added.     Each cylinder was supplied with an oxygen bubbler 

and placed in a constant temperature bath at 110C.    Water in the 

cylinders was changed at 1,  2,   3,   4,   5,   6,   8,   10 and 12 hours after 

dosing and fish removed after 12 hours.    A 3 ml aliquot from each 
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time period from each fish was placed in a vial, 15 ml dioxane fluor 

added and sample assayed by liquid scintillation spectrometer to 5% 

standard error.    Both interval recovery and cumulative recovery 

14 
were calculated on the basis of dosed aflatoxin B  -     C and are shown 

in Figure  15. 

The fish were dissected immediately after removal from the 

cylinders and the gall bladder,   liver,   lower gut and remaining body 

were frozen for later examination. 

The composition of the excreted product was determined over 

the 12 hour period by extracting the water from each time interval 

with chloroform and performing a TLC separation of the chloroform 

extracts.     The water from each time interval for the three trout 

which had been dosed with the higher level of toxin was combined 

and a 3 ml aliquot was placed in a vial and counted with a liquid 

scintillation spectrometer to 5% standard error.    A 550 ml portion 

of the water was extracted with 2-200 ml portions of chloroform, 

the extract dried over anhydrous sodium sulfate,   concentrated in 

vacuo and residue brought to 5 ml volume with chloroform.    A 0. 5 

ml aliquot was placed in a vial,   15 ml toluene fluor added and 

sample counted by liquid scintillation spectrometer to 2% standard 

error.     The results are shown in Figure 16. 

A 5 |il aliquot of the chloroform extract from each interval was 

spotted on a TLC plate and developed with chloroform:acetone 85:15 
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v/v.    After the solvent front moved 15 cm from the origin, the plate 

was removed from the chamber and fluorescent compounds measured 

by densitometry as indicated in Appendix IX,    Since each interval 

showed a similar fluorescent pattern,   see Figure 17,   the extracts 

were combined for further examination. 

The combined chloroform extracts were evaporated in vacuo 

to residue and dissolved in 5 ml chloroform.    A 20 p.1 aliquot of this 

solution was applied to a TLC plate in a narrow streak and developed 

with chloroform:acetone 85:15 v/v.    After development,  three areas 

were scraped from the plate into separate vials:    low R   area, 

0-0. 15 R   units; compound "X" area,  0. 55-0. 65 R   units; and aflatoxin 

B    areas,  0. 65-0. 75 R   units.    Toluene gel was added to each vial 

and the sample counted using a liquid scintillation spectrometer to 

5% standard error.    A summary of these results is shown in Table 7. 

14 
Tissue Distribution of      C 

14 
The distribution of      C in the gall bladder,   liver,   lower gut 

and remaining body was determined by performing a Folch lipid 

extraction (35) on these tissues.     This material was from trout 

weighing between 59-69 g which had been dosed in the excretion study 

with 150 and 75 \xg aflatoxin B    per fish,   dissected and frozen at 

-20oC for storage.    The 3 organs were thawed,   each minced with 

scissors and extracted with 50 ml chloroform:methanol 2:1 v/v as 
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outlined in Appendix XIV.     The fish bodies were chopped into small 

pieces while still frozen and extracted twice with 400 ml chloroform: 

methanol 2:1 v/v as outlined in Appendix XIV.     Aliquots of the 

aqueous and of the chloroform phase were counted as described in 

Appendix XIV.    The extracted tissue was scraped from the filter 

paper,   digested in alkali and counted as indicated in Appendix XL 

The tissue distribution of the two groups of fish are shown in Table 9. 

Gall Bladder 

The aqueous extract of the gall bladder was further character- 

ized by combining the remainder of the aqueous extracts from the 

three 150 (jig-dosed trout and acidifying a 20 ml aliquot to pH < 2 

with 1 ml 2 N sulfuric acid.    The aqueous solution was extracted 

twice with 15 ml chloroform and the aqueous phase was made basic 

with 2 N sodium hydroxide to a pH > 12.     The basic solution was 

extracted twice with 15 ml chloroform and the pH of the aqueous 

solution was reduced to less than 2 with 2 N sulfuric acid and 

extracted with chloroform.     Aliquots of the chloroform extracts and 

the initial and final aqueous phases were placed in vials,   evaporated 

to residue in a 60oC forced draft oven,   1 ml methanol added to each 

residue,   15 ml dioxane fluor added and the samples counted with a 

liquid scintillation spectrometer to 2% standard error. 
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Liver 

14 
The pH dependence of tissue bound      C was examined by 

chloroform extraction of the tissue under basic and acidic conditions. 

The alkali-digested,  chloroform-extracted tissue was combined from 

the three 150|a.g toxin dosed fish and dissolved in a total volume of 25 

ml water.     The pH of this solution was greater than 12 and the solution 

was extracted with 2-25 ml portions of chloroform and the phases 

separated by centrifugation.    A 16 ml portion of the aqueous phase 

was made acidic by adding 2 N H_SO    to a pH < 2,   the solution was 

extracted with 2-25 ml portions of chloroform and the phases 

separated by centrifugation.    An aliquot of each extract was placed 

in a vial,   evaporated in a 60 "C forced draft oven,   dissolved in 1 ml 

methanol and 15 ml dioxane added to each sample.     The samples were 

counted with a liquid scintillation spectrometer to 5% standard error. 

The results are presented in Table 11. 

14 
The chloroform soluble      C was checked for unchanged aflatoxin 

14 
B   -     C by combining the chloroform extracts from the three  150 (ig 

dosed fish and subfractionating this material by column and thin-layer 

chromatography.     The combined extracts were evaporated to residue 

in vacuo,   residue dissolved in 3 ml chloroform and 2 ml of this solu- 

tion applied to a silicic acid cleanup column (73).     The eluted chloro- 

form and ether fractions were evaporated and the residue from each 

fraction taken up in 2 ml chloroform.    Aliquots of the eluted extracts 
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and unpurified extract were placed in vials,   15 ml toluene fluor added 

and samples counted to 10% standard error with a liquid scintillation 

spectrometer. 

Duplicate 100 \il portions of the chloroform column fraction 

were applied to a TLC plate and the plate developed with chloroform: 

acetone 9:1 v/v.    After development,   the plate was viewed with a UV 

light and three areas scraped from the plate:   R. 0-0. 15,   R   0. 40-0. 60 

and R   0. 90-1. 00.     The silica gel from these areas was placed in 

vials,  toluene gel added and samples counted to 10% standard error 

with a liquid scintillation spectrometer.    Results are presented in 

Table 12 and a fluorodensitometry scan of the TLC plate is shown in 

Figure 19. 

14                                             14 
Subcellular Distribution in the Liver of      C from Aflatoxin B. - C 

Sixteen trout weighing 90-152 g each were fasted for 4 days, 

anesthetized with tricaine methanesulfonate and given an IP injection 

14 
with 250 ^ig aflatoxin B1 -     C dissolved in 100 \xl DMF.    Ten fish were 

each placed in 500 ml glass cylinders,   5 x 29 cm,   and 200 ml water 

added.    An oxygen bubbler was supplied and cylinders placed in a 

11 0C constant temperature bath.     The remaining six fish were placed 

ina2x2xl.5ft tub and supplied with a continuous supply of 11 0C 

water at a rate of 1 gal/min. 

From the cylinders,  duplicate fish samples were taken at 1/2, 
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1,   2 1/2,  4 and 8 hours and duplicate samples were taken from the 

tubs at 12,   24 and 48 hours.    The fish were sacrificed and the livers 

removed and placed on ice for immediate homogenization as outlined 

later.     The gall bladder was separated from each liver and the kidney 

also removed from each trout.    These organs were weighed,  frozen 

for later digestion and analyzed as outlined in the gross distribution 

14 
section of this thesis.    The amount of      C present in the water was 

determined by placing 3 ml aliquots from the cylinders into vials, 

15 ml dioxane was added and the sample counted to 2% standard error 

with a liquid scintillation spectrometer. 

Fractionation of the Liver 

The fractionation was basically that of Blobel and Potter (14) 

and Clark (23,  p.   166).    The entire fractionation was carried out at 

40C.    The livers were weighed,   cooled on ice and duplicates combined 

for immediate homogenization.     The weighed livers were placed in a '. 

7 
beaker and 0. 25 M sucrose-tris buffer    added to make a final weight 

of 12. 0 g.     The livers were minced with scissors,  placed in a Potter- 

Elvehjem homogenizer tube and homogenized at 1700 RPM for 10 to 

15 strokes.    The resulting homogenate was filtered through cheese 

7 
tris buffer:    0. 05 M   tris(hydroxymethyl)aminomethane-HCl, 

pH 7. 5 at 20oC; 0. 025 M KC1; and 0. 005 M MgCl  . 
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cloth and 1 ml of the homogenate was removed for alkali digestion 

and counting,   another 1 ml was taken for protein determination. 

One ml of the liver homogenate was placed in a 5 ml polyallomer 

tube with 2 ml of 2. 3 M sucrose-tris buffer.    After the material in 

the tube was mixed by inversion,   2 ml of 2. 3 M sucrose-tris buffer 

was carefully underlayed in the tube with a syringe.    The tube was 

spun in a Beckman Preparative Ultrcentrifuge at 39, 000 RPM 

(124, 000 x g       ) in a Spinco SW SOL rotor at 40C for 30 minutes and Bave y 

the filtrate was removed and taken up in 10 ml 0. 25 M sucrose-tris 

buffer.     The tube walls were wiped clean with a tissue and the 

nuclear pellet suspended in 10 ml 0. 25 M sucrose-tris buffer.     The 

filtrate and precipitate were classified as nuclear filtrate fraction 

and nuclear fraction,   respectively. 

A 5 ml portion of the liver homogenate was placed in a 15 ml 

polyethylene tube,   5 ml 0. 25 M sucrose-tris buffer added and tube 

contents mixed by inversion.     The suspension was centrifuged at 

600 x e for 15 minutes and the filtrate decanted to a second similar 
ave 

tube.    The precipitate was resuspended with 8 ml 0. 25 M sucrose- 

tris buffer and recentrifuged as above.     The filtrate was discarded 

and the precipitate suspended in a total volume of 10 ml 0. 25 M 

sucrose-tris buffer.    This suspension was cell debris and nuclear 

fraction. 

The filtrate from the first centrifugation of the homogenate was 
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placed in a tube and centrifuged for 10 min.   at 9000 x g       .     The 

filtrate was removed from the tube and the precipitate resuspended 

in 8 ml 0. 25 M sucrose-tris buffer and recentrifuged at 9000 x g & 5ave 

for 10 min.    The second filtrate was discarded and the precipitate 

resuspended in 10 ml 0. 25 M sucrose-tris buffer.    This fraction con- 

sisted mainly of mitochondria. 

The filtrate from the mitochondria separation was brought to 

10 ml total volume with 0. 25 M sucrose-tris buffer and 5 ml of the 

mixture placed in a polyallomer tube.     The suspension was centrifuged 

at 39,000 RPM (124,000 x g       ) for 15 min at 35,000 RPM (100,000 x 
ave 

g       ) for 60 min in a Spinco SW 50 L rotor.    The filtrate was decanted 
ave 

and both the filtrate and precipitate were brought to 10 ml volume with 

0. 25 M sucrose-tris buffer.     The filtrate was labeled soluble fraction 

and the precipitate labeled microsomal fraction. 

A 1 ml aliquot of all six fractions (nuclear,   nuclear filtrate, 

cell debris and nuclei,  mitochondria,  microsomal and soluble frac- 

tions) plus the unfractionated homogenate was placed in vials,  the 

sample digested with alkali and counted to 5% standard error as 

described in Appendix XI.    The remainder of each fraction was frozen 

and stored at -20oC. 
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Composition of Subfractions 

Protein 

A  1 ml aliquot of each liver fraction and of the unfractionated 

liver homogenate was added to 1 ml 2 N NaOH.    After standing for 

30 min,   the samples were diluted with 1 N NaOH to 30-300 (ig 

protein/ml and a Lowry protein determination was performed on 

duplicate 1 ml aliquots of the digest.    Details of the procedure are 

listed in Appendix XII and results calculated in mg protein/g wet 

liver are shown in Table 13. 

14 
Nucleic Acid Bound      C 

The cell debris and nuclei,  microsomal and nuclear fractions 

14 
12 hours after dosage were examined for nucleic acid bound      C by 

the procedure outlined in Appendix XIII.    The results are reported in 

Table 13. 

Lipid Soluble       C 

A 2 ml aliquot of each liver fraction from trout dosed 12 hours 

before sacrifice was extracted by the Folch lipid extraction using 

50 ml chloroform:methanol 2:1 v/v as detailed in Appendix XIV.    An 

aliquot of the aqueous and of the chloroform phase was counted as 

14 
described in the same appendix and the tissue bound     C was calculated 
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by difference.    The results are listed in Table 13. 

To follow possible changes in the soluble fraction of the liver, 

a Folch extraction was performed on 5 ml of each soluble fraction. 

The results are shown in Figure 21. 
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RESULTS AND DISCUSSION 

Lactone Structure and Carcinogenicity 

The requirements for hepatocarcinogenicity of the lactone were 

found to be highly specific for aflatoxin B    structure.    Of the eight 

compounds fed (see Figure 8 for structures) only aflatoxin B. (Table 

1) was found to be significantly carcinogenic at a 20 ppb level.     The 

very low level of incidence observed with aflatoxins B    and G1 may 

develop to a significant level after 20 months,  but relative to aflatoxin 

Bj,   these two compounds have a very small effect on the liver.     The 

low tissue response produced by B    and G.  seems to indicate that the 

extreme carcinogenicity of aflatoxin B1 is dependent on both an 

unsaturated furan function and a cyclopentenone ring fused to the 

lactone ring. 

Contrary to our findings,   Halver (37) reported that aflatoxin G. 

produced a 11/72 incidence at 2 ppb level.    However,   at higher levels 

of aflatoxin G. the incidence of hepatocarcinoma dropped progressively: 

8 ppb,  8/74; 20 ppb 3/88; 80 ppb,   0/68.    This apparent inverse dose 

response is difficult to interpret and no explanation was given by the 

author. 

A possible explanation for the high specificity of aflatoxin B 

structure for carcinogenicity could be the bifunctional alkylation theory 
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9   o 

MeO 
Aflatoxin B, 

OMe 
Aflatoxin analogue 

Aflatoxin B„ Tetrahydrodesoxyaflatoxin B 

o 
^s 

Isobergaptene 

Eto 
Aflatoxin G 7-ethoxy-4-methyl coumarin 

Figure 8,    Structure of lactones* 



Table   1.     Hepatoma incidence in rainbow trout fed lac tone-containing diets. 

Diet No. Description 

9 month sample 12 month sample 

Number Percent Number Percent 

1-1967 

36-1967 

35-1967 

30-1967 

31-1967 

32-1967 

33-1967 

37-1967 

38-1967 

39-1967 

40-1967 

34-1967 

Oregon Test Diet (OTD-S) 

4 ppb Aflatoxin B 

8 ppb Aflatoxin B 

20 ppb Aflatoxin B 

20 ppb Aflatoxin B 
i 

20 ppb Aflatoxin G 

20 ppb Aflatoxin G. 

1 

1 

20 ppb 7-ethoxy-4 methyl coumarin 

20 ppb Isobergaptene 

20 ppb  Tetrahydrodesoxyaflatoxin B. 

20 ppb Aflatoxin analogue 

4 ppb Aflatoxin B. 
4 ppb Aflatoxin B 

0/20 0 0/20 0 

1/20 5 10/40a 25 

5/30 17 40/57 70 

10/20 50 62/80 78 

1/20 5 1/20 5 

0/20 0 1/20 5 

0/20 0 0/20 0 

0/20 0 0/40 0 

0/20 0 0/80 0 

0/20 0 1/80 1 

0/20 0 0/80 0 

1/20 5 17/40a 43 

One sample taken at 1 2 months and another at 13 months.    Four ppb aflatoxin B.  at 12 months 
3/20,   at 13 months 7/20.    Four ppb aflatoxin B1  plus 4 ppb aflatoxin B    at 12 months 7/20,   at 
13 months 10/20. 
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presented by Brooks and Lawley (18) and discussed earlier.     The 

lac tone of aflatoxin B    could be bound by alkylation to a DNA chain 

and the unsaturated furan group could interact with the complementary 

DNA strand.    The furan interaction,   in this case,  would not necessarily 

be required to form a covalent bond to the DNA but just interrupt 

replication. 

There was an apparent synergistic effect between aflatoxin B 

and aflatoxin B   .    The aflatoxin B    at 20 ppb showed only a 5% 

incidence,  but when aflatoxins B.  and B    were fed together at 4 ppb 

each,  the aflatoxin B    raised the incidence ironi0Z5% for aflatoxin B 

alone (Diet 36-1967) to 43% for the aflatoxin B    plus aflatoxin B 

(Diet 34-1967).    This difference was significant at a 90% level,   chi 
Q 

squares   2. 7 3.      The effect of the added aflatoxin B    was not as great 

as an additional 4 ppb aflatoxin B1  and the difference between 8 ppb 

aflatoxin B    (Diet 35-1967) and 4 ppb aflatoxin B    plus 4 ppb aflatoxin 

B    (Diet 34-1967) was significant at a 99% level,   chi square = 7. 43. 

A similar enhancement was noticed by Sinnhuber    et al.   (69) for 3- 

methyl coumarin with aflatoxin B..     They found that at 1 5 months 

4 ppb aflatoxin B    alone gave a 4/20 hepatoma incidence and 4 ppb 

aflatoxin B1 plus 50 ppb 3-methyl coumarin gave a 11/20 hepatoma 

Chi square calculated as in Mendenhall (50,   p.   248) with one 
degree of freedom. 
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incidence.     This difference was significant at a 95% level,   chi 

square =  2. 71.    When 3-methyl coumarin alone was fed at 1000 ppb 

no liver abnormalities were observed. 

It seems apparent from these studies with aflatoxin B    and the 

previous work of Sinnhuber et al.   (69) that lactones may function as 

co-carcinogens when fed simultaneously with aflatoxin B..     This 

effect is not the same as the co-carcinogenic action of cyclopropenoid 

fatty acids with aflatoxin B    reported by Sinnhuber    et al.   (66,   69). 

The cyclopropenoid fatty acids increased tumor volume substantually 

and potentiated tumor formation while the lactones increased tumor 

incidence but did not noticeably alter tumor growth. 

One practical aspect of the lactone co-carcinogenic effect with 

aflatoxin B    is that most aflatoxin contaminated foods and feeds con- 

tain aflatoxin B    as well as aflatoxin B..    This is especially true in 

cottonseed meals,  which have been found to contain only aflatoxins 

B. and B    (9,   p.   38).    It was also found by Sinnhuber    et al,   (68) that 

a higher hepatoma incidence was noticed for a peanut meal con- 

taminated with mixed aflatoxins than could be accounted for with the 

aflatoxin B    level in the meal.    The effects of aflatoxin B   ,   G. or G 

on the aflatoxin B.  carcinogenicity could be responsible for this 

increased hepatoma incidence; however,   studies have not yet been 

made with mixtures of the other aflatoxins. 
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Preparation of Radioactive Aflatoxin 

Rice as a substrate for the preparation of the aflatoxins gave 

good yields which could be purified by standard aflatoxin purification 

schemes.    As can be seen from Figures 9 and 10,   the separations 

between aflatoxins B   ,  G.  and a fast moving yellow compound were 

14 
quite distinct.    The purification of the aflatoxin B   -     C on this 

separation column was quite extensive starting with a chloroform 

extract containing 3. 6% of the radioactivity originally added to the 

14 
rice culture as sodium acetate-2-     C.    The resulting aflatoxin B. 

fraction contained 0. 29% of the radioactivity.     This purification 

resulted in less than a 20% loss in aflatoxin B    but produced a 12- 

14 
fold      C purification.    The three recrystallizations from ethanol 

resulted in a 3-fold purification with an overall loss of about 10% of 

14 
the aflatoxin B   .     The complete isolation gave about 36-fold      C 

14 
purification with better than a 70% recovery of aflatoxin B   -     C. 

3 
Aflatoxin B. -  H purification on the toxin separation column 

3 
was about 12-fold; starting with the rice-  HO,   the chloroform extract 

contained 0. 076% of the tritium and the separated aflatoxin B. fraction 

contained 0. 0065% of the activity.    The recrystallizations from 

ethanol resulted in no radioactive purification,   and the overall isola- 

tion produced a 12-fold radioisotope purification with better than 70% 

3 
recovery of aflatoxin B. -  H. 
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The results of the label conversion from different compounds, 

14 
Tables 2,   3 and 4,   indicated that sodium acetate-2-     C was the pre- 

14 
ferred labeling source.    The preference for the sodium acetate-2-     C 

14 
over sodium acetate-1-     C was 3 to 1 and perhaps could be due to 

metabolism of the C-l carbon of acetate to CO_ by way of the Krebs 

14 14 
tricarboxylic acid cycle.     The acetate-2-     C over glucose-U-     C 

preference could exist for the same reason or perhaps the glucose was 

more specifically used by the mold for growth and not incorporation 

into the toxin molecule.    The yield of 0. 1% from sodium acetate-2- 

C source was not surprising,   as this was a rough approximation 

from the toxin yield of 1 mg aflatoxin B./g rice. 

14 
Table 2.    Incorporation of      C from different substrates into 

aflatoxin B1. 

Labeled Compound Level Spi scific Activity % Label Conversion 

14 
Glucose-U-     C 10 (JLC 3. 7 dpm/fxg 0.084 

NaOAc-l-14C 400 60 0. 034 

NaOAc-2-14C 1 0. 52 0. 117 

NaOAc-2-14C 10 5. 5 0. 124 

NaOAc-2-14C 50 23 0. 103 

NaOAc-2-14C 1000 462 0. 104 

Calculated at 5 mg aflatoxin B   /5 g rice. 
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14 
Table 3.    Incorporation of      C from different substrates into 

aflatoxin G  . 

Labeled Compound        Level        Specific Activity      % Label Conversion 

NaOAc-l-14C 400 |J.c 53 dpm/|JLg 0.018 

NaOAc-2-14C 10 6.7 0.082 

NaOAc-2-14C 50 16.6 0.045 

NaOAc-2-14C 1000 408 0.055 

Calculated at 3 mg aflatoxin G./5 g rice. 

3 
Table 4.    Incorporation of    H from tritiated water into aflatoxins 

B    and G  . 

3 a, b 
Toxin ■^?^> Level      Specific Activity      % Label Conversion 

Aflatoxin B 5 mc 139 dpm/|J.g 0. 0063 

Aflatoxin B 10 294 0. 0066 

Aflatoxin G 5 90 0. 0025 

Aflatoxin G 10 185 0. 0025 

Calculated at 5 mg aflatoxin B   /5 g rice. 

Calculated at 3 mg aflatoxin G./5 g rice. 

The addition of up to 1% sodium acetate to the rice did not affect 

14 
aflatoxin production or incorporation of      C label into the aflatoxin 

B..    Therefore,   the preparation of the labeled toxin was neither 

enhanced nor retarded by limited amounts of additional acetate. 

The aflatoxin B    was highly pure after the three recrystalliza- 

tions as indicated by UV spectra,   column and thin-layer 
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chromatography and hydrogenation.    From the five TLC solvent 

14 
systems used (Table 5),   the      C labeled toxin contained over 90% of 

3 
the activity in the aflatoxin B    position on the TLC plate.     The    H 

labeled toxin contained over 8 5% of the activity in the aflatoxin B. 

spot on the TLC plate. 

Column chromatography indicated that the radioactivity and 

aflatoxin B    could not be separated chromatographically (Figures 11 

and 12).     The specific activity,   dpm/(j.g,   of the aflatoxin B. varied 

less than 10% in the toxin containing fractions. 

The hydrogenation of aflatoxin B. produced THDB   ,   which was 

distinctly separable from the aflatoxin B    by TLC with chloroform: 

acetone 95:5 v/v as moving phase,   as shown in Figure 13.    Also,   a 

low amount of degradation of the reactant to low R   compounds was 

noticed as indicated in Table 6.     The separation technique using 

similar chemical levels on the TLC plate of both aflatoxin B    and 

THDB.   overcame possible co-migration problems which were 

encountered with resting cell preparations of aflatoxin B   .    From the 

results shown in Table 6,   one can see that only 1. 4-1. 8% of the total 

aflatoxin B    radioactivity remains in the aflatoxin B    position after 

hydrogenation.    Only 0. 3-1. 7% of the total radioactivity on the plate 

was present in the   THDB.  and 85-89% of the activity moved to this 

position after hydrogenation.    The low R   compounds increased 4-5% 

during the reaction and this was probably due to secondary or side 
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reaction products. 

Table 5.     TLC measurement of radioactive purity of 
aflatoxin B   . 

14 
Af latoxin B   -     C 
 _ , . :  
Solvent System                       % C in Af latoxin B    Spot 

I 93 
II 99 

III 90 
IV 94 
V 96 

3 
Aflatoxin B   -   H 

3 
Solvent System                         % H in Aflatoxin B1 Spot 

I 91 
II 91 
III 93 
IV 85 

V 105 

Solvent Systems: 

I Chloroform:Acetone (V/V) 9:1 
(unequilibrated)   Ref.   32 

II Chloroform:Methanol (V/V) 97:3 
(equilibrated)   Ref.   7 5 

III Benzene:Ethanol:Water (V/V/V) 46:35:19 
organic phase (unequilibrated)   Ref.   74 

IV Toluene:Ethyl Acetate: 10% Formic Acid (V/V/V) 5:4:1 
(unequilibrated)   Ref.   63 

V Ethyl Acetate:Isopropanol:"Water (V/V/V)  10:2:1 
(unequilibrated)   Ref.   57 
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Table 6.    Aflatoxin B    purity check by hydrogenation 

14 
Aflatoxin B   -     C 

% Activity in Spot 

Compounds Aflatoxin B Reduced Aflatoxin B 

Low R   Compounds 3. 4 8.4 

Aflatoxin B 94 1.4 

THDB1 0.3 8 5 

3 
Aflatoxin B   -   H 

% Activity in Spot 

Compounds Aflatoxin B Reduced Aflatoxin B. 

Low R   Compounds 2. 4 6.4 

Aflatoxin B 101 1.8 

THDB1 0.7 89 

From the three tests of radiopurity,   it was ascertained that the 

14 3 
aflatoxin B   -     C and aflatoxin B. -  H was free of non-aflatoxin B 

radioactive impurities.    Chemical purity was established to be 95% 

or higher by UV" spectrophotometric examination of recrystallized 

toxin.    Fluorodensitometry indicated that over 95% of the blue 

fluorescence on the TLC plate was present in the aflatoxin B1 posi- 

tion. 
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14 
Excretion Distribution of Radioactivity from Aflatoxin B. - C 

14 14 
The excretion of      C from aflatoxin B. -     C dosed trout could 

follow four possible pathways:   the urine,   the feces,   carbon dioxide 

and direct excretion through the gills.    The gill route was excluded 

14 
because of the low amount of      C present in the gills,   less than 

14 
0. 60% of dosed      C,   and the complex structure of aflatoxin B   .     The 

14 rapid loss of      C in the firSit 8 hours (more than 40% excreted in 8-12 

hours) indicated that the fecal route was not the main excretion path- 

way.    In a trout which was starved for 2 days,   toxin metabolites 

passing into the intestine probably would not have left the body in less 

than 8-12 hours.    In Figure 14,   the level of radioactivity in the lower 

gut for the first 12 hours was 6% of dosed toxin      C; however,   since 

the IP dose was used,   this was very likely due to direct adsorption 

onto the outside of the gut.    The usual excretion route of many liver 

toxins is from the liver to the gall bladder and then to the intestine. 

In this study,   the level of radioactivity in the gall bladder did not 

14 
start increasing until 4 hours after dosing; therefore,   the      C in the 

lower gut did not come from the gall bladder during the first 4 hours, 

.birtr-must have come from the IP dose in the body cavity. 

Respirometry 

14 
Since the      C level was reduced in the trout in such a short time 

period (Figure 14) respirometry was performed on the trout.    A total 
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14 14 
of 0. 012% of the dosed      C was recovered as      CO  .    After 

respirometry,   the water was assayed and 50% of the dosed activity 

14 
was found in the water.    The total body      C was found to be 47% 

after 12 hours (Table 8) giving a total recovery of 97% of the dosed 

aflatoxin B   -     C. 

Urine Excretion 

i   14 
The urine excretion of      C was followed by dosing the fish with 

labeled aflatoxin B    and changing the water at 1 hour intervals. 

14 
Interval and total percent recoveries of      C are shown in Figure 15. 

14 
After 4 hours,   25% of the dosed      C was recovered in the water and 

8 hours after dosing 36% was recovered.    Only a small difference, 

5% of the total dose,  was noticed between the 7 5 \ig and 150 |j.g 

aflatoxin B    dosed fish. 

The result of extraction of each of the water fractions with 

chloroform is shown in Figure 16.     The chloroform-soluble com- 

pounds steadily decreased in comparison with the chloroform- 

insolubles.     The fluorescence pattern of the extracts did not change 

during the collection period (Figure 17) and indicated that the 

fluorescent compounds were from one site of metabolism.    If the 

products were from different metabolic sites,   the concentration of 

each fluorescent compound would have changed independently of the 

others.     There appeared to be a shift away from chloroform-soluble 
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toward chloroform-insoluble compounds with the two becoming almost 

equal at 1 2 hours after dose.    There was a slight rise in thechloro- 

14 
form-insoluble      C at 10 hours,   this was probably due to the beginning 

of fecal excretion. 

The TLC pattern of the chloroform extract,   as shown in Figure 

17,   indicated a compound similar in mobility to aflatoxin B..    Also, 

there was a compound "X" which was slightly more polar,   and some 

highly polar,   low R   compounds.    Of the chloroform-soluble com- 

14 
pounds,   aflatoxin B    contained 55% of the      C.     The specific activity 

of the aflatoxin B. -like compound was the same as the dosed 

14 
aflatoxin B1 -     C when determined as dpm/TLC fluorescence unit. 

Compound "X" had about the same dpm/TLC fluorescence unit as the 

aflatoxin B    but was distinctly separated from the aflatoxin B   .    This 

compound had the same TLC R   as aflatoxin B   ; however,   the B 

as shown in Appendix IX had 2. 5 times the fluorescence of aflatoxin * 

B    and therefore could not have given the same dpm/TLC fluorescence 

unit.    The structure of the compound "X" contained the coumarin 

nucleus which gives aflatoxin B    a blue fluorescence and was most 

likely altered in the 2 or 3 position of the furan ring.    Isolation of this 

compound was not performed because it was only one-fifth of the 

14 
total chloroform-soluble      C. 

The low R, compounds had a higher fluorescence than the 

14 
aflatoxin B1 relative to the      C.    One of these compounds could be 
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aflatoxin M,; but,  because of their low chemical level they were not 

further characterized. 

14 
Table 7.    Summary of      C distribution in environmental 

water 12 hours after I. P    dose. 
14 

Total      C in water: 50+1. 6% 
14 

Chloroform-soluble      C:        44 + 2. 5% 
14 

Chloroform-insoluble      C:. .3, 7+_0. 7 % 

14 
Composition of chloroform-soluble      C compounds 

R, Range % 
14c % Fluorescence 

Low R   compounds 0    -0. 15 16 33 

Compound X 0. 55-0. 65 18 16 

Aflatoxin B 0. 65-0.75 55 50 

Non-fluorescent -- 11 -- 

a 
Fluorescence at 445 m|Ji max 

Of the material excreted into the water,   all but 10% of the total 

14 
dosed      C was accounted for as fluorescent compounds.    Bassir and 

Osiyemi (11) found that 26% of the radioactivity in the rat urine after 

a labeled aflatoxin dose was a glucuronide conjugate six hours after 

an IP dose.    If a glucuronide was formed in trout,   it was present at 

a considerably lower level. 

14 
Tissue Distribution of Radioactivity from Aflatoxin B   - C 

The major organs involved in the metabolism of aflatoxin B. 

were the liver,   gall bladder,  kidney and lower gut.     The gross tissue 
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metabolism of these organs over a 72 hour period is shown in Figure 

14 with each point representing one animal.    From this experiment, 

14 14 
it appeared that the      C from aflatoxin B   -     C entered the liver, 

traveled into the gall bladder and passed into the lower gut.    However, 

14 
a major portion of the      C was excreted in the urine by way of the 

o 
kidney. 

14 14 
The      C distribution 12 hours after a 150 [ig aflatoxin B. -     C 

dose is shown in Table 8.    The kidney data was not reported as it was 

below 1% recovery at the 12 hour sampling.    Of interest is the varia- 

tion in the levels of activity in the various organs.    The lower gut 

value was more consistent and this may be due to direct adsorption of 

the dose from the body cavity.    The total body variations appear to be 

due to different excretion rates and not recovery problems since the 

14 
C water levels brought the totals to above 95% recovery with each 

animal. 

14 
Table 8.    Distribution of      C in trout 12 hours after a 150 fig 

aflatoxin B   -^C dose. 

Fish 1 2 3 4 5 6 Average 

Fish weight (g) 50. 5 46. 1 43. 5 42. 5 50. 1 53.4 47.7 
nr   14 7o      C recovered 

Gall bladder 7. 0 3. 6 3.7 4.8 4.8 5.8 5. 0 
Liver 24 14 16 9.8 17 15 16 
Lower gut 1. 4 2. 6 3. 0 3. 2 3.8 3. 6 2.9 
Remaining body 18 26 20 17 27 25 23 
Total 51 46 43 36 54 51 47 
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In this experiment,   there appeared to be no correlation between 

14 
trout weight and the amount of      C recovered from the organ.    For 

this reason,   all except the gross distribution studies were conducted 

using a constant dose on fish of the same age and closely matched 

weight.     This technique allowed direct organ comparison and pooling 

of tissue for extraction or fractionation studies. 

Figure 18 shows the tissue distribution for the first 48 hours 

after dosing and each point represents an average of the      C recovered 

from two fish.    The distribution pattern in this study was quite 

similar to that shown in the first gross study,   Figure 14,  but levels 

were lower in the gall bladder in the second study. 

The kidney in the second study shows a considerably higher level 

14 
of      C than in the first gross study.    This could be the result of con- 

fining the trout in glass cylinders in the second study versus the high 

activity of the trout in the tubs during the first two hours of the gross 

14 14 
study.    The      C pattern in the kidney and the      C excretion pattern in 

the water,   Figure 15,  were similar.     The rapid increase and follow- 

14 
ing decrease of      C activity in the kidney was not surprising since in 

trout this organ is capable of passing large volumes of fluid. 

14 
Table 9 shows the distribution of      C in the tissues after a Folch 

extraction of the gall bladder,   liver,   lower gut and remaining body. 

The majority of the radioactivity in the liver was found bound to the 

14 
tissue.    A very small difference was noted in      C distribution at the 
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14 
Table 9.    Distribution of      C in tissue 12 hours after dose. 

Dose 

% 
I4c in water % 14C in 

A                  a 

Ave. 

chloroform 

Range 

%14 

Ave. 

C 
a 

tissue bound 

Organ Ave. 
a 

Range Range 

Gall 75 KLg 71 64-78 28 19-32 3 3-3 
Bladder 150 76 74-78 20 16-23 4 3-5 

Liver 75 7 6-7 8 6-9 85 84-86 
150 8 4-12 8 7-10 83 80-88 

Lower 75 59 50-68 23 18-29 17 14-21 
Gut 150 54 45-63 28 21-34 19 16-22 

Remaining 75 3 2-3 43 30-52 43 30-52 
Body 150 2 1-4 55 52-60 43 39-45 

Each value in an average of three animals. 

oo 
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two chemical levels tested.     The gall bladder had a high percentage of 

14 
water-soluble       C.     The lower gut contained a rather high water— 

14 
soluble       C level and this was probably due to the high amount of 

14 
water-soluble      C present in the bile passing into the gut.    A portion 

of the chloroform-soluble radioactivity could be from directly adsorbed 

14 14 
aflatoxin B   -     C.     The body contained      C bound to tissue as well as 

14 
chloroform-soluble     C; however,   only a low amount of water-soluble 

14 
C was found.    This could indicate that there was little reabsorption 

of water-soluble compounds from the lower gut into the blood.    It 

could also indicate a rapid binding of water-soluble metabolites to the 

tissue. 

Gall Bladder 

The water extract from the gall bladder was treated with acid, 

base and then acid in an attempt to determine the amount of chloro- 

form-soluble coumarin ring compounds present in the aqueous extract. 

The acidic and basic treatments were performed rapidly at room 

temperature to avoid hydrolysis of bile acid conjugates.    After the 

14 
first acidification,   28% of the       C was extracted into the chloroform 

phase.     This result could indicate that toxin metabolites became 

chloroform-soluble after reclosure of the lactone ring.     The base 

treatment followed by acid treatment produced only a small amount 

14 
of chloroform-soluble       C.     These results,   which are summarized in 
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14 
Table 10,   showed that two-thirds of the      C was present in a form 

which was unable to reform into an intact aflatoxin B    or other chloro- 

form-soluble compounds.  Bassir and Osiyemi (11) found that two- 

thirds of the bile counts in the rat was present as a taurocholate 

conjugate.     They did not describe the nature of the aflatoxin binding 

in the conjugate.    A more complete examination of the aflatoxin B 

metabolites present in the aqueous fraction from the bile would most 

certainly reveal more about the metabolism of aflatoxin B    in the trout. 

Table 10.    pH dependent solubility of gall bladder aqueous 
extractable *^C 

Step pH in chloroform in aqueous 

Initial 6                                --                                           100 

Acid <  2                               28                                           7 2a 

Base >12                                   1                                             7ia 

Acid <   2                                  6                                             66 

3. 
Calculated by difference. 

Liver 

14 
The tissue bound      C in the liver was examined for acid or base 

convertible compounds.    Alkali digestion yielded no chloroform-soluble 

14 
C compounds and upon reacidification only produced 4% chloroform- 

1 
14 

soluble       C.     This indicated that the binding of aflatoxin B.  could not 
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14 
be reversed to intact toxin.     The       C labeled compounds could,   how- 

ever,  be water soluble throughout both treatments but not bound by 

covalent bonds to the tissue components. 

14 
Table  11.    pH dependent solubility of liver tissue-bound      C 

7% 
Step pH in chloroform in aqueous 

Base >   12 0 100 

Acid <      2 4 96 

The quantity of aflatoxin B.  present in the tissue after  12 hours 

was determined by spotting the chloroform extract of the tissue on a 

TL.C plate (Figure 19).    Analysis of the TLC plate showed that only 

14 
29% of the chloroforna-soluble      C was in the aflatoxin B    area of the 

plate.    Fluorodensitometry of the TLC plate indicated that in this 

area of the plate there were two peaks of about the same size.    Assum- 

ing that one of these two peaks was aflatoxin B   ,   the liver after  12 

hours contained only 1. 1% of its activity in the form of intact aflatoxin 

B   .    Compounds of higher polarity that remained on the column and 

compounds which had low R, values with TLC,   constituted 55% of the 

14 
chloroform-soluble      C.    Aflatoxin M    has a polarity similar to these 

compounds and therefore could be present at a level as high as 4. 4% 

of total liver       C. 
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Figure 19.    Fluorodensitometry scan of TLC of chloroform extract from liver 
1 2 hr after aflatoxin B. administration. 
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Table 12.    Analysis of the chloroform extract of liver  12 hours after 
a 150 |j.g dose. 

Column fraction % 
14c TLC fraction Rt %14c 

Column-bound 35a -- -- 

Chloroform-      . 58 High polarity 0- -0. 15 20 
soluble Aflatoxin B.  area 

Low polarity 
0. 40-0. 60 29 
0. .90-1. .0 3 

Ether-soluble 8 -- -- -- 

Calculated by difference. 

It is difficult to compare the results reported here with those of 

Wogan,   Edwards and Shank (83) on the excretion and tissue distribu- 

14 
tion of aflatoxin B   -     C in rats.    The trout has a gall bladder but no 

urinary bladder.     In the rat,   the converse is true.     Wogan and co- 

workers (83) found that the urinary pathway was subordinate to the 

14 
fecal route,   while with the trout about 50% of the dosed      C was 

recovered in the urine as water-borne metabolites.    In the rat,   the 

appearance of radioactivity in the bile was almost immediate,  becom- 

ing maximum at 15 minutes after an   IP.   dose.    In the trout,   the bile 

does not contain aflatoxin B. products until 2 hours after dosing. 

Neither the trout nor the rat oxidized appreciable amounts of aflatoxin 

B    to carbon dioxide when the toxin was prepared from sodium acetate- 

14„ 
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14                                             14 
Subcellular Distribution of      C from Aflatoxin B   - C 

in the Liver 

Examination of the subcellular distribution of aflatoxin B 

14 
metabolites showed an accumulation of      C in the cell debris and nuclei 

14 
fraction of up to 40% of      C in the liver after 4 hours (Figure 20).     The 

14 
C in the microsomal fraction increased for  12 hours to 38% of the 

total present in the liver and then decreased.    In the mitochondrial 

fraction,   only a low level of activity was present and this organelle 

was apparently not involved in the metabolism of the toxin.    The 

14 
soluble fraction dropped from 43% of liver      C at one-half hour to 

14 
8% liver       C at 24 hours. 

Table 13 shows the protein,   extraction,   radioactivity and 

nucleic acid data of each fraction 12 hours after dosing.    It is interest- 

ing to note that in the cell debris and nuclei fraction,  nuclear fraction 

14 
and microsomal fraction after  12 hours the       C binding was high. 

According to Moul£ and Chauveau (51),   the rat liver contains 10-11% 

DNA and 1-2%RNA in the nuclear fraction on a dry weight basis.    The 

crude microsomal fraction of the rat liver contains about 7% RNA on a 

dry weight basis.    Assuming the trout liver has a similar nucleic acid 

14 
content in the liver cells,   the 44-49% nucleic acid bound      C in the 

14 
nuclear fractions and 68% nucleic acid bound      C in microsomal 

fraction indicates a preferential binding of aflatoxin metabolites to 

14 
nucleic acids.     With more refined studies,   the in vivo binding of      C 



88 

60" O 
r 

40- ^-^u 

20- 
Cell Debris and Nuclei 

0 1     1           1            1                                    i 

isn 

5- 

u TT 
Mitochondria 

I   60- 

40- 

20- 

60-1 

40- 

20- 

14 14 
Figure 20. C in liver fractions from aflatoxin B. -     C 

dosed fish. 



Table 13.    Composition of subcellular liver fractions  12 hours after administration of 250 fig 
aflatoxin B   -     C to trout. 

Fraction 

14 
Protein %      C  of      Chloroform    Aqueous     Tissuea 

mg/g wet liver     total liver phase phase bound 

Nucleic acid 
bound 14C 

% 14C 

Cell debris and nuclei 

Mitochondria 

Microsomal 

Soluble 

Nuclear 

Nuclear filtrate 

28 

12 

61 

22 

41 

121 

41 

8 

35 

12 

26 

62 

2 

5 

4 

11 

2 

9 

7 

28 

10 

32 

0 

17 

91 

67 

87 

56 

98 

74 

44 

68 

49 

Calculated by difference 

oo 
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to the microsomal and nuclear fractions of the trout liver could be a 

useful tool in examining the toxicity and carcinogenicity of aflatoxin 

The distribution within the soluble fraction was studied by 

extracting with chloroform:methanol 2:1 v/v and separating the mixture 

into aqueous,   chloroform and tissue bound activity.    Figure 21 shows 

the results obtained from this study and indicates that the chloroform- 

14 
soluble      C was rapidly removed from the soluble fraction but the 

14 
aqueous and tissue bound      C were not substantially changed over the 

48 hour observation period.     This pattern plus the data shown in 

14 
Figure 20 indicates that the       C probably entered the liver in a 

chloroform-soluble form and was initially distributed mainly in the 

soluble fraction.     The chloroform-soluble form was transferred to 

subcellular fractions and further metabolized in these locations. 

14 
Twelve hours after dosing the major portion of      C in each liver 

fraction was bound to the tissue. 
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SUMMARY AND CONCLUSIONS 

The structural specificity for hepatocarcinogenicity was found 

to be high for aflatoxin B    and required an unsaturated furan function 

as well as a coumarin ring substituted with a cyclopentenone. 

14 14 
Metabolism of the      C from aflatoxin B   -     C followed two 

routes.    One half of the radioactivity was excreted from the kidney 

via the urine and into the water.     The other half of the activity was 

distributed in the liver,   gall bladder,   lower gut and body of the trout. 

This metabolic route was liver to gall bladder to lower gut and 

eventually to feces.    The effect on these two routes appeared to be 

unchanged by different chemical levels of aflatoxin B   . 

In summary,   the following results were obtained: 

1. Aflatoxin B    was the only one of eight structurally related 

compounds to produce hepatoma at a significant level when 

fed at 20 ppb to trout for  12 months. 

2. A synergistic carcinogenic relationship was found to exist 

between aflatoxins B    and B    at a 4 ppb level. 

3 14 
3. Both    H and      C labeled aflatoxins B    and G    were pro- 

14 
duced when tritiated water or sodium acetate-2-     C was 

added to rice and incubated with Aspergillus flavus ATCC 

15517 mold. 

4. The principle route of excretion of aflatoxin B    was via the 
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urine which removed 50% of the metabolites in 1 2 hours. 

14 
Half of the excreted      C was found to be intact aflatoxin B^ 

5. Distribution of aflatoxin in the body indicated that 

metabolites moved from the liver to gall bladder and passed 

14 
into the lower gut.    Most of the      C from the labeled toxin 

in the liver after 12 hours was bound to the tissue. 

6. Subcellular distribution indicated that the toxin entered 

the liver in a chloroform-soluble form and then became 

rapidly bound to the tissue.    The nuclear and microsomal 

fractions accumulated about 70% of the activity. 

7. In vivo binding of aflatoxin B    metabolites to nucleic acids 

was observed in the microsomal and nuclear fractions of the 

liver. 
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Appendix I.    Preparation of Mold Spores for Inoculation 

1. Fill a 1 liter Roux culture bottle with 100 ml Czapek's solution 

agar,   plug with cotton and sterilize at ^I'C,   15 psig for 15 

minutes. 

2. Inoculate Aspergillus flavus spores on agar face in 5 ml sterile 

water and distribute evenly. 

3. Incubate at 27 0C for 2 days in normal position and then turn the 

bottle over and incubate upside down for 5 days. 

4. Add 100 ml of sterile dilute soap solution (0. 0 2% sodium dodecyl 

sulfate in distilled water) to each bottle and rinse spores from 

agar surface.    Wash spores with 2-150 ml portions of sterile 

distilled water by centrifugation. 

5. Suspend spores in 150 ml of sterile distilled water and store 

suspension in small bottles at 20C.    Spores may be kept in this way 

for 3 months. 

6. Spores are counted by pour plates with Czapek's agar on serial 

dilutions of the spores.     Triplicate plates containing 3-30 spores 

are compared after a three day incubation period at 30oC. 

Reference:   Mateles and A dye (48). 
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Appendix II.    Growth of Aspergillus flavus on Rice. 

1. Add 100 g of polished rice and 200 ml of tap water to a 2. 8 1 

Fernbach flask.    Plug the flask loosely with gauze wrapped cotton 

and sterilize at 15 psig 1210C for 15 minutes.    The rice layer is 

allowed to cool undisturbed. 

6 7 
2. Each flask is evenly inoculated with a minimum of 10    - 10 

spores in 2 to 5 ml sterile distilled water with a syringe. 

3. Flasks are placed in an incubator at 27 CC for 2 days in an upright 

position.     Then the flask is tipped on its side and incubated for 4 

days.    Finally,  the rice mat is broken away from the flask bottom 

by jarring and the flask incubated for another 4 days on its side. 

This procedure allows rapid diffusion of carbon dioxide out of the 

flask and growth of the mold on both sides of the rice mat. 

Toxin yield from the rice using ATCC 15517 is about 1 mg aflatoxin 
B   /g rice. 
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Appendix III.    Extraction of Aflatoxin from Rice 

1. During extraction of toxin,   the worker should wear a mask to 

protect against inhalation of mold spores.    Gloves should be worn 

during extraction and all other handling steps in toxin preparations. 

2. Add 250 ml freshly distilled chloroform to each Fernbach flask 

using a funnel to bypass the cotton plug.     The chloroform is rinsed 

around the flask by swirling,  the plug is then removed and the 

solvent-rice mixture transferred to a boiling flask. 

3. A total of 500 ml chloroform per 100 g rice is used for each 

extraction step.    The first extraction consists of refluxing the 

mixture for 4 hours.    The chloroform extract is removed from 

the flask with a glass siphon and force filtered through a Buchner 

funnel to remove spores.    The filtrate is backwashed with 25 ml 

distilled water/100 g rice. 

4. The rice is refluxed with a second volume of chloroform over- 

night,  filtered and the filtrate backwashed as above.    The rice 

is refluxed with a third volume of chloroform for 4 hours, 

filtered and filtrate backwashed as above. 

5. The filtrates are combined and dried over anhydrous sodium 

sulfate.    After filtration,   the extract is evaporated at reduced 

pressure on a rotary evaporator at less than 50oC. 



Extraction of aflatoxin from rice. 

Aspergillus flavus   ATCC 15517 

Reference:   Shotwell    et al.   (65). 
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Extraction % extracted material % extracted toxin 
reflux by weight as aflatoxin B. 

I     4 hour 34 74 

II   18 hour 44 23 

III     4 hour 22 3 
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Appendix IV".    Workup of Extracted Crude Aflatoxin 

1. The residue from the extraction is dissolved in chloroform 

(10 ml/100 g rice).    The chloroform solution is transferred to 

a centrifuge bottle and 10 volumes of hexane added slowly with 

stirring.     After cooling in ice for 10 minutes,   the mixture;is 

centrifuged and supernatant decanted. 

2. The precipitate is taken up in the same volume of chloroform, 

hexane added as above and the mixture cooled and centrifuged. 

The precipitate is dissolved in a minimal amount of chloroform. 

3. The chloroform solution is dried over anhydrous sodium sulfate, 

filtered, evaporated by vacuum rotary evaporator to residue and 

dissolved in minimal chloroform. 

The hexane precipitation very effectively removes lipid com- 

ponents of the toxic extract.    The weight of the extract is reduced 

80-90% with toxin losses usually less than^ 1Q%.    The crude toxin is 

highly colored,  but the four alfatoxins constitute over 50% of the 

crude extract. 
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Appendix V.    Separation of the Aflatoxins 

1.    A water-jacketed chromatography column is packed with activated 

9 10 
silicic acid    as a slurry with chloroform:ethanol 99:1 v/v 

The columns are packed,   equilibrated,   developed and eluted at 

110C with this same solvent system. 

Silicic acid columns for crude toxin separation. 

Column    Column.     Weight Equilibration   Crude Toxin        Eluent 
Diameter   Height   Silicic Acid        Solvent Sample Fractions 

cm cm g ml g ml 

1. 2 32 19 250 0-0.75 5-10 

2.0 32 52 500 0.75-1.0 10-20 

2.5 32 82 600 1.0   -1. 5 10-20 

3.0 32 120 7 50 1. 5   -2.0 20-50 

4.0 32 210 1000 2.0   -3.0 50-100 

2. After equilibration,  the solvent head is lowered and the sample 

applied in minimal solvent (about 4 ml solvent/g sample) and 

column eluted and fractions collected. 

3. After fractions are collected,   2 ^1 portions of each fraction are 

applied to a TLC plate,   as well as suitable standards,   and the 

plate developed with solvent.    One such system is 250 |j. layer of 

9 

10 

Mallinckrodt AR grade,   100 Mesh activated 1450C,   6 hrs. 

Redistilled reagent grade chloroform,   redistilled USP ethanol. 
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MN-Silica Gel GH-R,   developed in an unlined chamber with 

chloroform:acetone 9:1 v/v. 

4. The fractions are divided into four groups.    Fractions containing 

mainly aflatoxin B   ,  fractions containing approximately equal 

amounts of B   ,   B    and G.,  fractions containing mainly G. and 

fractions containing G. and G_.    The groups containing mainly 

B    and G    are saved for purification by recrystallization.    The 

other two groups are combined for hydrogenation to B    and G  . 

5. The B.   solution is evaporated to dryness and dissolved in minimal 

boiling ethanol.    The solution is placed in a suitable centrifuge 

tube and cooled slowly overnight at -20CC.    The recrystallization 

is repeated 3 times and filtrates saved for a second crop.    After 

the third recrystallization,   the toxin should appear white or very 

light tan in color and may be stored in chloroform in the dark at 

-20oC. 

6. Aflatoxin G. may be recrystallized in the same manner. 

References:   Engebrecht,  Ayres and Sinnhuber (32) and Shotwell    et al. 
(65). 
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Appendix VI.     Purification of the Aflatoxins 

1. Just prior to use for chemical or biological studies the toxin is 

chromatographedand recrystallized to guarantee purity. 

2. The toxin is dissolved in minimal chloroform:ethanol 99:1 v/v 

and then applied to a jacketed chromatography colunan as described 

in steps  1 and 2 in Appendix V. 

Silicic acid columns for individual toxin purification 

Column     Column Weight       Equilibration   Pure Toxin       Eluent 
Diameter   Height     Silicic Acid Solvent Sample        Fractions 

cm cm g ml mg ml 

0.80 42 12 200 0-1.0 5 

1. 2 42 24 400 10-1.00 10 

2.0 42 65 600 100-250 20 

3.    Fractions are examined as in step 3 of Appendix V and pure 

fractions are combined and recrystallized from ethanol two 

times.     The final recrystallizations remove a low R    impurity 

from the toxin which is formed during column chromatography. 

Solubility of aflatoxins in ethanol follows B > G^ G^ B   . 
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Appendix VII.    Hydrogenation of Aflatoxin B    and G. 

A. Hydrogenation of mixed toxins to B    and G 

1. The mixed toxin is dissolved in ethanol (1 mg.toxin/ml) and 

placed in a 300 ml. "B 24/40 round bottom flask with a side arm 

fitted with a syringe septum.    Then catalyst      (50-100 mg/ 

100 ml solution) is added,  magnetic stirrer supplied and flask 

12 
placed on a Brown hydrogenation apparatus. 

2. The flask is purged twice with hydrogen and hydrogenation 

begun.     The course of the reaction is monitored by removing 

a 100 |xl aliquot with a long needled syringe every 30 minutes, 

diluting with 900 |j.l chloroform and developing a 2 ^1 aliquot 

as in step 3 of Appendix V.    The reduction to B    and G    is 

usually complete in 1-2 hours. 

3. When B    and G. are no longer present,   the catalyst is removed 

by filtration and the toxins separated and purified as in 

Appendices V and VI. 

B. Hydrogenation of aflatoxin B.  or B   to tetrahydrodesoxyaflatoxinB. 

1.    Aflatoxin B.  or B    is dissolved in ethanol (1 mg toxin/ml) 

and placed in a 300 ml flask supplied as in 1 above.     Then 

5% Palladium on Carbon,   Engelhard Industries,  Inc. ,   Newark, 
N.   J. 

12 
Delmar Scientific,   Maywood,   111. 
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catalyst      (50-100 mg/100 ml solution) is added,   magnetic 

stirrer supplied and flask placed on hydrogenation apparatus 

as above. 

2. The flask is purged and 100 jxl sample taken every 2 hours, 

diluted with 90.0 \i.l chloroform and a 2 \xl portion spotted on a 

silica gel TLC plate and developed with chloroform:acetone 

49:1 v/v in an unlined chamber.    The R 's of reactants and 

products are listed in Appendix VIII. 

3. After hydrogenation is complete,   4 to 24 hours,   the sample 

is filtered and catalyst washed with an equal volume of 

chloroform.     The filtrate is evaporated to dryness and applied 

to a silicic acid column as in Appendix VI.     Separation from 

the four natural aflatoxins is distinct and only one recrystalliza- 

tion in ethanol is required to obtain a pure sample. 

4. Purity is checked by UV spectra and TLC (see Appendix VIII). 

References:   Asao    et al.   (7) and Van der Merwe,   Fourie and Scott 
(78). 

13 
10% Palladium on   Carbon,   Matheson- Coleman and Bell,   East 

Rutherford,   N.   J. 



Appendix VIII.    UV Spectra in Ethanol and TLC Characteristics of Lactones 

UV spectraa 
",2 b 

Toxin X max € X max e X max 6 Solvent A So dvent B 

Aflatoxin B 362 mfi 21,800 265 mfx 13,400 223 mjx 25, 600 0. 37 0. 06 

Aflatoxin B 362 14,700 265 9, 200 222 19, 600 0. 29 0. 03 

Aflatoxin G. 362 16,100 264 10,000 243 11, 500 0. 25 0. 03 

Aflatoxin G 365 19,300 265 11, 200 217 28, 000 0. 18 0. 02 

7 - e thoxy - 4 - me thy 1 
coumarin 3 20 20,600 _ _ _ _ _ 0. 55 

Isobergaptene 312 11,900 265 15,700 253 24, 000 - - 

Tetrahydrodesoxy 
aflatoxin B 332 13,900 264 9, 200 255 8, 500 _ 0. 34 

Aflatoxin analogue 355 26,800 257 9, 650 - - 0. 33 - 

a            (mole wt. ) (Absor bance) bc nl^T-^T it   c^T-et^m   / k     rTilr ■\-rr\fn -rm! a r e>tr>r IP   Qt 1    v/ V 
concentration (g/l) 

Solvent system B   chloroform:acetone 49:1 v/v 
Stationary phase     250 fx MN-Silica Gel G-HR 

References:    Chang,   S.   B.   et al.   (22),   Van der Merwe,   Fourie and Scott (78) and Asao    et al.   (7). 

t\> 



113 

Appendix IX.    Fluorodensitometry on TLC Plates 

The basic theory is given in the first reference below and several 

practical applications are given in the second reference. 

1. Spots are applied to a TLC plate and developed with a suitable 

solvent.    After development,   the plate is allowed to dry and 

14 
placed on the densitometer stage. 

2. The following variables are set: 

Lamp Mercury vapor (320-290 m^ emis- 
sion) 

Primary filter 365 m\i band 

Primary slit '- * 25 mm 

Secondary slit 0. 5 x 8 mm 

Secondary filter 445 m\i band 

Recorder response position 1 (linear) 

The plate is scanned and under these conditions the relative 

fluorescence of B,   B   ,   G  ,   G    is  .1:2.5:0.5:1.4. 

3. R s are determined by dividing the distance moved by the 

fluorescent spot by the distance from the origin to solvent front. 

14 
Area under the curve is determined by the Photovolt Ihtegraph. 

References:   Ayres and Sinnhuber (10) and Pons> Robertson and 
Goldblatt (58). 

14 
Photovolt Corporation   New York City,   N.   Y. 



Appendix X.   Liquid Scintillation Counting Fluor Solutions 

Sample 

Name 
Fluor Solution 

Components 

Solution 
Volume Volume Type Isotope Efficiency0 Background 

ml ml % cpm 

IS 0-1 organic 

% 
82 23 
40 23 

15 0-1 g TLC 
\ 

82 26 
scraping? 41 25 

15 0-3 aqueous 

\ 
65 30 
35 28 

Toluene 

Toluene 
Gel 

Dioxane 

Tissue 
Dioxane 

Gel 

Ethanol- 
amine 
toluene 

1 L toluene,  4 g PPO 
40 mg POPOP 

1 L toluene, 4 g PPO, 
40 mg POPOP,  40 g cab-o-sil 

980 ml dioxane, 4 g PPO, 
200 mg POPOP, 60 g napthalene, 
100 ml methanol, 20 ml 
ethylene glycol 

1 L dioxane, 16 g PPO, 
1 g POPOP, 100 g napthalene, 
SO ml toluene, 40 g cab-o-«il 

1 L toluene, 4 g PPO, 
100 mg POPOP 

10 ml 0. 5 
20 ml 1.0 

10 ml 10 

tissue 
OH~ digest 

CO- 

14, 

14. 

78 

67 

30 

29 

PPO:   2,5-diphenyloxazole (Scintillation grade); POPOP:   1, 4-bis[2-(5-phenyloxazolyl)J    (Scintillation grade); Napthalene, dioxane, toluene, 
methanol and ethylene glycol (reagent grade) Cab-o-sil:   Godfrey L.  Cabot, Inc. 

b 
Nuclear Chicago Liquid Scintillation Spectrometer. 

c 
Efficiency determined by optimum settings of unquenched sample.    Channels ratio and internal standard used to determine efficiency of samples. 

d 
Ethanolamine:methanol 1:4 v/v. 

References:  Tye and Engel (76), Boggiolini and Bickle (16), Bray (17) and Wang and Willis (80, p. 375). 
rf^ 
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Appendix XI.    Tissue Digestion for Scintillation Counting 

A. For fish tissue 

1. Tissue is minced into small pieces with scissors,   samples 

placed in a screw-capped vial and 0. 5 N NaOH added to a 

concentration of 4 ml 0. 5 N NaOH/g tissue. 

2. The mixture is digested in a 60oC oven until a homogeneous 

emulsion is formed (about 2 hours) and 0. 5 or 1.0 ml is 

transferred to a counting vial and if highly colored 2 drops 

of hydrogen peroxide added to bleach the sample.     Then 10 

or 20 ml of tissue dioxane gel (see Appendix X) is added and 

after mixing and equilibration the sample is counted in a 

liquid scintillation spectrometer.    Calculation is based on 

amount of alkali added plus the weight of the tissue. 

B. For liver homogenates 

1. One gram of the homogenate is placed in a counting vial and 

2 drops (c. a.   0. 1 ml) of cone.   NaOH (50% wt/vol) is added 

and vial sealed,  placed in an oven at 60oC and digested until 

a clear solution is formed (about 1 hour), 

2. After the sample is cool,   20 ml tissue dioxane gel is added, 

sample is equilibrated and counted with a liquid scintillation 

spectrometer. 
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C. For whole fish body 

1. The whole fish is cut into several pieces,  placed in a tared 12 

ounce screw-capped bottle and 50 ml of 2. 0 N NaOH added. 

Then distilled water is added to the bottle to bring the total 

weight to 200 g.    The bottle is placed in an oven and digested 

for 4 hours at 60"G. 

2. One milliliter of the resulting digest is placed in a counting 

vial and 20 ml tissue dioxane gel added,   sample equilibrated 

and counted. 

D. For chloroform extracted tissue 

1. Tissue is placed in a screw-capped bottle and placed in an 

oven at 60."C to evaporate the solvent.    After evaporation, 

0. 5 N NaOH is added to the tissue to a concentration of 10 ml 

0. 5 N NaOH/g extracted tissue. 

2. The mixture is digested in a 60oC oven until a clear solution 

is obtained (2-4 hours) and a 1 ml aliquot placed in a counting 

vial.     Then 20 ml of tissue dioxane gel is added to the vial, 

sample equilibrated and counted. 

Reference:    Tye and Engel (76). 
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Appendix XII.    Lowry Protein Determination of Liver Homogenates 

Reagents: 

Alkaline copper solution:   Add 1 ml of 0. 5% cupric sulfate to 50 ml 

2% sodium carbonate,    (prepare fresh daily) 

15 
Folin reagent:   Folin-Ciocalteu Phenol Reagent      is diluted with 

an equal volume of distilled water. 

1. Dissolve protein sample (30 to 300fig) in 1. 0 ml 1 N NaOH. 

Allow to stand at room temperature until sample is dissolved 

(about 30 minutes). 

2. Add 5 ml of alkaline copper solution and let stand for 10 minutes. 

3. Add 0. 5 ml of Folin reagent and mix well with a vortex mixer 

immediately.    Let stand at room temperature for 30-60 minutes. 

4. Read at 7 50 m|Ji against bovine serum albumin standards treated 

in the same manner. 

Reference:    Lowry    et al.   (47). 

15 
Van Waters and Rogers,   Inc. ,  San Francisco,   California. 
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Appendix XIII.    Nucleic Acid Isolation 

14 
In order to obtain an indication of nucleic acid bound      C,   a 

large amount of unlabeled DNA is added to the sample and the final 

weight of the purified nucleic acids is indicative of recovered nucleic 

acid.    In this way,   a relatively pure preparation of nucleic acid can be 

obtained and bound MC can be measured. 

1. DNA  (about 50 mg)   is   accurately weighed into  a   12 ml 

centrifuge tube and 4 ml of nucleic acid containing preparation and 

4 ml of 0. 25 M sucrose-tris buffer added.    The tube is allowed to 

stand with occasional shaking for 2 hours and a viscous solution is 

formed. 

2. Add 4 ml of freshly prepared cold 30% trichloroacetic acid and cool 

the solution in ice for  10 minutes.    Centrifuge the mixture for 2 

minutes at 1000 x g and decant the supernatnat.    The precipitate 

is washed with 3 ml cold acetone twice,   3 ml cold acetone:ether 

1:1 v/v once and 3 ml ether once by centrifugation.     The final 

ether rinse is decanted and precipitate air dried. 

3. Add 3 ml of aqueous 10% NaCl to the tube and heat in a boiling 

water bath for 40 minutes.    The nucleic acids are completely 

dissolved after heating and centrifugation will remove any protein 

contaminants.    After cooling,   6 ml absolute ethanol is added, 
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solution cooled in ice for 10 minutes,   centrifuged,   precipitate 

washed once with 4 ml absolute ethanol and once with 4 ml diethyl 

ether. 

4. The precipitate is transferred to a tared counting vial by sus- 

pension in diethyl ether and solvent removed by a stream of 

nitrogen.     Then samples are dried in a vacuum dessicator to 

constant weight. 

5. The nucleic acid is digested by adding 1 ml 0, 5 N NaOH to each 

vial and heating for  1 hour at 60"C,   tissue dioxane gel added, 

sample equilibrated and counted in a liquid scintillation 

spectrometer. 

Total dpm in nucleic acids = 

(Total wt.   DNA) (dpm in recovered nucleic acid) 
Recovered wt.   DNA 

Reference:    Clark (23,  p.   252). 
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14 
Appendix XIV.    Folch Lipid Extraction of      C-tissue 

A. Extraction of fish tissue 

1. One gram of tissue is placed in a Virtis homogenizer flask 

and 50 ml chloroform:methanol 2:1 v/v is added and tissue 

blended at full speed for 2 minutes.    The solution is filtered 

through fluted filter paper,   5 ml water added and the mixture 

cooled overnight.    The extracted tissue is scraped from the 

paper and into a vial for digestion and counting. 

2. After the filtrate has separated into 2 layers,   1.0 ml of the 

upper phase and 10 ml of the lower phase are placed in 

separate vials and vials placed in a forced draft oven at 60<,C 

for 6 hours to evaporate the solvent. 

3. After the solvent is evaporated,   1 ml methanol is added to 

each vial and vial shaken to dissolve residue.    Dioxane 

fluor is added (see Appendix X) and sample equilibrated and 

counted in a liquid scintillation counter. 

4. The extracted tissue is digested and counted as in Appendix 

XI. 

5. Calculations for total counts are based on 34 ml total 

chloroform phase and 21 ml total aqueous phase. 

B. Extraction of liver subcellular fractions 

1.    Two milliliters of liver fraction is placed in a Virtis 
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homogenizer flask and 50 ml chloroform:methanol 2:1 v/v is 

added and tissue blended at full speed for 1 minute.     Then 

3 ml of water is added and the mixture centrifuged at 

1000 x g for 10 minutes.    Then 10 ml of the aqueous phase and 

10 ml of chloroform phase are removed (the protein remains 

between layers) and solvent evaporated and counted as in 2 and 

3 above. 

2.    Total activity in    subcellular fraction is determined by 

digestion and counting of unextracted sample. 

Reference:   Folch,   Lees and Stanley (35). 
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Appendix XV.    Composition of Semi-synthetic Trout Diet 

Ingredient 

Casein 

Gelatin 

Dextrin 

Salmon oil 

Salt mix No.   2 USP XIIia 

CaCO 

Carboxymethylcellulose 

Cellulose (Alphacel) 

Vitamin Mix 

C ho line chloride (7 0%) 

Vitamin E cone,   (a-tocopherol 110 I. U. /g) 

3. 
Nutritional Biochemicals Corporation,   Cleveland,   Ohio. 

Vitamins supplied at the following levels (mg/kg): 
Thiamine,   64; riboflavin,   144; niacinamid,   512; biotin,   1.6; 
Capantothenate (D),   288; pyridoxine,  48; folic acid,   19. 2; 
menadione,   16; cobalamine,   0. 159; i-inositol (meso), 
2500; ascorbic acid,   1200; para-amino-benzoic acid,  400; 
BHA,   15; BHT,   15; Vitamin A,   216, 000 I. U./kg; Vitamin 
D,  4000 I. U. /kg. 

Percent 

49. 4 

8. 7 

15. 6 

10. 0 

4. 0 

0. 9 

1. 3 

6. 5 

2. 0 

1. 0 

0. 6 

Reference:    Lee;   et al.   (44). 


