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ABBTRACT

The metabolic fate of aflatoxin ia of

interest in connection with studies related to the

mode of action of hepatotoxins in the inductiomn of

liver tumours. The ability of the toxin to

interfact with sub-cellular particles and the rate
Qf excretion of the carcinogen by a particular

species, may be important in interpreting its

gross effect on an animal.

In sone atudies described in this thesis,
the rate of metabolion of drugs in the normal rat
and in the poiooned anirnl has been compared.

It i85 o more useful information when the offect of
a drug on animals under different dietary treatments
are evaluated, since this will reflect suscepti-

billity to ticse drugs by Aanimals with nutritional
deficiencies.
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Evidence is here presented to show that
rats on low protein diets are more susceptible to
aflatoxin-poisoning, because they are unable to

metabolise the drugs as rapidly as rats on high -

protein diets. This finding 16 supported by
histological evidence,
In order to facilitate the identification

of metabolic products of the aflatoxine, use was
made of C''-labelled aflatoxin. This material
was produced by incorporation of labelled isotopes
into cultures of Aspergillus flavus on Czapek-Dox
media. The utilisation of Sodium Acetate-1-c1%,

Sodium Acetnte-E—G14, in the bilogenesis of the

aflatoxins is roported.

After a given dovse, aflatoxin or its
metabolitens woere absent from the heart and museles

of animals examined.

i other major part of the work described

in this thesis consists of studies on the

metabolins of labelled aflatoxina in mammals fed
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on high or low-protein diets. Urine and bile
samples obtained from experimental rats and

rabbits were analysed for the presence of

aflatoxinas or ite metabolites. Bile sa=uples

were obtained after the establisghment of billiary

fistulae. For the collection of urine samples,

from animals under light anaecthesia, diuresis

was atimulated by implantation of a pulyuth,lunn

cannula into the external 3jupular vein followed

by an infusion of 5% mannitol in saline at

0.Y5 ml per minute for rabbit and 0.2 ml per

minute for rat.
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CHAPTER ONE

INTRODUCTION

(i) Discovery of Aflatoxinm.

Logumes arc used as common ingredients in

animal feeds as well as in food for human consump-

tion. Thepe grains are susceptible to attack by a

wide variety of fungi in the seoil or after harvest.
Forgacs, Koch, Carll and White-Stevens (1962) have
warned that lincreased attention must be given to
diseases of animals and men caused by fungi that

have grown and produced toxic substances in foods.

The '"poisoning of the hoat following entrance

into the body of toxin(s) of fungal origin™

has been domcribed by J. Forgaca (1962) as
""Mycotoxicosia".

Faraers bave always been doubtful about the

visuom of feoding mouldy foodstuffe to their

animals. MNevertheless, illnecs and mortality

caused by such practices hanve been cited 4in the
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literature. A more recent example is the

disease produced by peanut meal contaainnted DY

a strain of Aspergillus flavus (Burnside, Sippel,

Forgacs, Carll, Atwood and Doll, 1957); Stevens,

Spunders and Spence (1960), Samith (1900). This

digease was later chown to be cuused by aflatoxin,

a motabolite of the fungus.

(14) Ocecurrence in YNatural Products.

Btevens, Snunders and Spence (1960) reported

occurrencepg of & discase among young turkey in

forty-five different farms in Great Britain. It

woe estimated that about 100,000 turkey died

during thic period when imported groundnut was

used as supplement in animal feeds (Blount,1961;

Oibcon end Harris, 1961). In a particular case,

one turkey farmer dividod his intake of poults

i1itc two halven, kopt side by side, but fed on

different brands of food. One batch remained

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



perfectly healthy throughout and the other

suffered a sevore attack (Smith, 1960). At this

time it was not possible to associate any micro-
organism or virus with this disease, since all

attempts by different laboratories to identify

the causal agent(s) were unsuccesasiul. It was,

however, concluded that the disesse probably

originated from a preformed toxin. Thie suggestion

was contained in the report of an Inter-departmental

Working Party on Groundnut toxicity. (Tropical

Product Institute Report, 1962).

OGroundnut is imported into Great Britain from

tropical countries, such as Brezil in South Amorica;

Uganda and Rhodepmia in East Africa; Senegal, Gambia

and Nigeria in West Africa. In these 'producing

countrien' thu seed is planted in loome clay s=oil

and it matures within 140 to 150 days into a large

seoded runner, with dark green foliage. Groundnuts

B> ucually considered ready for harveat when the

lsavos turn yellow (Smartt, 1960). After harvest,

the plants are stacked together until the haulms

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



are dried and the kernels begin to rattle in the
shells. This process is called curing. The nuts
are then threshed from the haulms and dried in the
sun. McDonald and Brook (1963) suggestcd that the
use of artificial driers would be more effective
{n preventing fungal attack at this stage, since

the moisture content of the nuts could thus be

brought below 8 per cent. During storage, however,

the moisture content of stored products may rise,

hence adequate precaution is necessary to ensure

the quality of thest materiala.

A number of Aaporgillii species were found

by Deinér and his nssociates (1960) in the

microflora of mouldy nuts. The presence of

Aspergiliue flavus in stored groundnut materials

has boon confirmed by Jackson (1964). Fig. 1

shows photomicrographs nf infectod groundnuts,

firat published by Spensfy (1963). McDonald and

frook (1963) regarded tomporature and molsture

ecutent of stored groundnuts as two Amportant

factors which eontrol fungal growth.

L
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are dried and the kernels begin to rattlc in the
shells. This process is called curing. The nuts
are then threshed from the haulms sad dried in the
sun. McDonmnld and Brook (1963) suggested that the
use of artificial driers would bL¢ more effective
in preventing fungal attack at this stage, since
the molsture content of the nuts could thus be
brought below 8 per cent. During storage, however,
the moisture content of stored products may rise,
hence adequate precaution is necessary to ensure

the quality of these materials.

A number ol Aspergillii species were found
by Deiner and his associates (1960) in the
microflora of mouldy nuts. The presence of
Aspergillus flavus in otorecd groundnut materials
haas been confirmed by Jnckmson (1964). Fig. 1
shown photomicrographs of infected groundnuts,
first pnblished by Epﬂnﬂts (1963). McDonald and
Brock (1963) regarded tomporaturo and moisture
confent of stored groundnuts as two important

fauctors which control fungal growth.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



:

Photomicrographes of infected groundnuts

(spensley, 1963). The fungl attach the

seed cont and penetrate into the

cotyledons. Theo upper plcture shows

a higher magnification (X25) of mould

infested nut. The other picture shows

low magnification (X2.5) of a group of

infected nuteo.
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Damage to the pods or imsect attack =ay also
facilitate deterioration.

Clegg and Bryson (1962) examined samples of
produce from Brazil, Uganda and Tansi&ikai A
consignment of groundnuts from Uganda was [found
to be heavily contaminated with fungi. W.P. Blount
(1961) had earlier suspected Braziifian groundnut
as the causal agent of outbreaks of 'turkey-X-
disease'. K. Sargeant and his collaborators

(1961) obtained pure cultures of some of the
fungal spocies present in these samples. Elight
isolates were grown for seven days at 27°C on
Czapek's solution agar. Chloroform extracta of
these cultures were tested for biological potency
and the toxin producing fungus was thus idﬂﬁtifild
ag Aspergillus flavus Link ex Frics. This fungus
wns later isclatud from other sources than ground-
nut ngd wns ussociated with outbremks of the new
discasc of farm animals called ‘turkey-X-disease’.
In viow of its origfn the toxin wao named AFLATOXIN

(Tropical Freduct ptitute Report, 1962).
F o - #

L]
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The main interest of research workers on
aflatoxin at this time was to study the incidence
of fungal attack on groundnuts in the 'preducing
countries' and to suggest methods of pravﬂﬁting
future epidemics. Investigations on mcethiods of
dotection of toxic nuts and of making toxic meals

eafc for consumption were encourmgod.

McDonald and Harkness (19C%) working with
a team of research workers uat the Samaru experi-
mental station in Northern Nigeria, obaserved that
when pods were hand-picked from the haulm and sun
dried in a layer, with protection from rain, the
rate of drying was Ligh and the crop was toxin
free. Dickens srd Pattee (196€) also noted that
aflatoxin was not likely to devélop during curing

Af recommended prnctices were followed.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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(441) Biological Assays.

i

Roports from farms and feeding trials in
the laboratories have indicated that many farn
animals are susceptible to 'turkey-X-diseacs',
but some are more mo than othere (Asrlin and
Carnaghan, 1961). Among the large farm animals,
pigs from three to twelve weeks old and pregnant
sows are the moat commonly affected (Loosemore
and Harding, 1961). Calves from one to six

months of age are highly cuspectible but becoming

more tolerant with age (Loosemore and Markson, 1961).

In a long-term feeding trial, heifers were as
clinically affected as monkeys (Tulpule, Madhavan

and Gopalan, 1964) while sheep are coaparatively

resistant.

§i1ler anrd Ostler (1961) described the
clinical =nd sacroscopic features of diseascs in
turkey roults fed on mouldy groundnuts. The
histolrgical changes are primarily hepatic and

showed remarkable consistency. Those weore

summa; .ged by Loosemore and Markson (1961)

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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as follows: )
"(4) there is considerable proliferation

of bile duct epithelium to form numerous

structures resembling small bile ducts,

(14) echronic obliteration of centrilobular

and hepatic veinas, and

(144) a wide variation in aize and shape of
parenchymal cells, many of which ocontain
abnormally large, coarse and densely baso-

phylic nuclel and finally

(dv) diffuse fitrosis which disrupt lobular

structures."

(a) Ducklins Test.

This blclogical toast was developed at the
Contral Yeterinary Laboratory, Weybridge, England
and cai. be used for qualitative and quantitative

ag~esam-nt of toxle groundnut meals and extracts.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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The tost depends on the rapidity with which the
proliferation of bile duct eopithelium occurs 1.
ducklings aftor ingestion of aflatoxin. The
intensely basophilic properties of these cells
whan stained with hoaematoxylin and eoein ronder
histological examination and confirmation of

disepse more rapid and oasier than in turkey

poults and chickens.

In the 'duckling test', nguocouu e¢xtract, or
suspensions of toxdic samples, sre administered
individually to groups of day-old khaki-Campbell
ducklings. The sample is introduced into the
lower part of the ocsophagus through a thin
polythene tube attached to an hypodermic syringe.
After dosing, the birdo are kept away from thelr
food and water for one hour to avoid regurgitation
into their coomon food supply. This procedure is
repeated Tor five consocutive days. OSurvivors are
sacrifiged cn the eighth day. The greater
suscey*ibility of ducklings to aflatoxin polsoning

ceoupare ! to other farm animals ims notable.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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Klimes and Kruza (1962) observed that ducklinge
are more susceptible to nitrofurazone intoxication,
particularly at two to four weeks of age, when
they consume more nitrofurazone per pound of body
weight than chickens of a comparable sge and size.
In field outbreanks of 'turkey-X-disocasc', the
highest mortality was recorded among this age
group of birds (Asplin and Carnasghan, 1961).

There is, however, no record of food consumption
in these reports to justify this assumption. In
any case, sensitization of the birdes to toxins

may depend on a number of factoras, onec of which

{s the compositior of the diet given to thepe

faras animals.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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(b) .EEE Teat

Noxious influences often have a greater
effect, the younger the subject, and maximal
effects can then be expected during embryondic
development. Testa performed on poultsry or other
laboratory animale are laborious and expensive,
but the introduction of teat substances into the
yYolk of hen's egg is simple. Furthermore, the
embryonic developmont of the chick takes place
within a closed eogg shell, permitting no
elimination. Thus the 'ogs acsays' may be
expected to give results of higheost sensitivity.
Platt, Stewart and Gupta (1962) usod five-day old
chick embryos. These were injected with varying
doses of aflatoxin extracts dissolved in water and
examined after two days. As little ac 0.3 ug
of the more potent pamples caused death of the
s=bryo. The controls were not affected by this
treatecaut: The teratogonic effect of aflatoxin
=28 thecrsfore ratoed higher than that of f-amino-~

proplocitrile (Morcos and Platt, 1962) or

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



’i‘i‘li administered at lovels of 0.1ug per OB

10 por cent mortality was recorded in 12 days I
.{mqmr. Davio, Hayes and Eldridge, 1968), but

the toratogenic effect was still detoctable over '
longer periods at doses between 0.01 to 0.05 ug

per ¢egg. It was therefore suggoasted that

suspected rations should not be permitted in

animsal feeds until tests have shown them to be

harmless for the moat sensitive tissues. The

Ministry of Health (1962) in Paris has, however,

advised against the use of this method because the

chick embryo, lacking a placenta, cannot be

compared with the mammealian embryo.
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(¢) Tissue Culture Test.

Biological assay methods involving the
administration of aflatoxin either into the embryo
(chick) or into young animals are all indirect
procedures for apsessing toxicity of materinls to
tissuea. Wolff and Haffen (1951) proposed direct
ndministration of teratogens to the tissues or
organs excised and cultivated in vitro. This
method enables an organ to be explanted and, at a
certain stage of its development, to be placed in
direct contact with the toxin. In this way it 1is
possible to localize the toxic action by finding

out whether its appiication to a particular

organ can induce specific lasion.

The succossful maintenance of cells in
tissue culture deponds on the availability of a
sultable putrisnt medium which provides the
azinoacifes, vitamines and trace clements essential
for the growth of cells. J@!ll and Greczi (1964)

dercritad a tissus culture test for aflatoxin.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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In this assay, methanol extract of infected
groundnut was inoculated into calf-kidney mono-
layors. After 48 hours incubation, toxlicity wus
evaluanted by the degree of cell destruction
observed in the tissue culture. Toxin at ooncon-
tration of 0.1 to 0.5 parts per million caused
cell destruction up to a dilution of 1u'“. The
quantity of aflatoxin required for an indication
of toxicity wam one-thousandth of that used in

the egg test and about 10'6 of the LDgn for day-
old ducklinga. The nature of the malntenance
mediue used in this experiment was not stated by
the authors in their paper. Nevertheloss, the
usefulness of this technigque as a quick check on

toxicity of infeucted groundnut samples is obvious.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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(d) Albinis= Test.

One other test that is of interest is the
inhibition of development of green colouration in
plant cells by fungal metabolites. Shoental and
Phite (1965) pointed out that a solution of
aflatoxin (10 mg/ml) inhibited the formation of
green colour in cress seedlings. For this test,

twenty seeds of creass, Lepidium Sativum were

explanted on circlem of surgical gause placed in
two-inch petridighes which contained 4 ml1 of
distilled water. Solutions of aflatoxin B,

(10 mg/ml) or groundnut extract (25 mg/ml) was

then used in place of distilled water. The develop-
ment of colour wae dolayed in the test preparations,
but the controle behaved normally. The occurrence
of albinism in thesa plants is ascocinted with the

interaction of aflatoxin with R.N.A., which may
alter the genntic characteristic of the organism.
Thig interpretation 1s in agreement with the view
that development of colour in leaves in a gene-

controlicd charactor (Koehler and Woodworth, 1938).

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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(iv) Pnysico-Chemical Assays.

In an attempt to provide a quick and repro-
ducible method for checking the toxicity cof
imported groundnuts and animal feed stulfs, a
physico-chemical teot was developed at the Unilever
Laboratories, London in 1962. This test is bosed
on an earlier observation by Allcroft and her
associates (1961), that & chleroform extract from
A toxic meal gave a characteristic blue fluorescence
when viewed under ultraviolet light. This work whiech
was started at tho Weybridge Central Veterinary
Research Station was lnter extended in collaboration
with the Tropical Product Institute, London. Several
n:trnctalnurn prepared, using different solvents, and
socreonod for toxicity by individual adminiatration to
young ducklings. The lovel of aflatexin in agricul-
tural products is generally very low, of the order
of one part per million. Hence the ascay procedure

must not oniy ensure complete extraction of toxin,

but must elpmo be very sensitive and capable of

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




detecting the presence of a fraction of a micrograc

of the toxin in diets.

The following solvents have been found
puitable for the extraction of aflatoxins: aqueous
methanol (Nesheim, Campbell, Stoloff and Barnes,
1964 ), chloroform (Lee, 1965) and hexane-acetone
water mixtures (Wogan, 1966). The next advance was
the development of a simple micro-method which could
be used for the resolution of mixtures of fluorescent

metabolites from fungi.

(a) Column Chromatography.

Column chromatopraphic techniques have been
used for the separation of aflatoxin from other
fluoresmcent subptances produced by Aspergillus flavus
(Sargeant, et al, 1961). Deactivated alumina was
found suitable by Allcroft et al (1962) for the
chromatography of aflatoxins when petroleum-ether-
methanc! mixturesm were uscd no molvent. A blue=-
violet fluorescent band on the column wanas mngnociated

with the toxicity of the groundnut meal investigated.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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Chromatography on silica-gel columns revealed &
fraction which contained this material and induced
proliferation of bile duct in ducklinge, (De Iough,
Vlee and van Pelt, 1964). The solvent =vstex used
by these authors was a solution of two percent
methanol in chloroform. Sargeant et al (1961)
prepared crystalline aflatoxin from a petroleusm
ether, methanol water extract. After fractionation

on neutral alumina this substance gave an almost

colourless product.

A column chromatographic technique can be
used as a preparative mothod for isolation of
aflatoxins from othur fungal metabolitea. But the
resolution of aflatoxins B4 and B> or G4 and
Go, however har not been achieved by this method.
The limitations to further fractionation of the
aflatoxins are the length of the column and the
particle aize of the adsorbent. The choice of a
suitable scivent is also important. Purification

of the nflatoxins has been achleved by paper and

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



=]

thin-layer chromatographic technigues. (Coomer and

Saunders, 1963; Coomes, Crowther, Franecis and Clione,

1964).

(b) Paper Chromatography.

Paper chromatograprhy was used by McLarnon
(1962), who found that the intensity of the blue
fluorescence on paper appeared to be correlated with
the toxicity of the samplesn examined. This was then
developeéd as o quantitative nssay procedure by
Coomes and Saunders (1963). These authors proposed
a descending paper chromatographic technique, using
benzene, toluene, cycliohexane, ethanol, water
(3:3:5:8:5 v/v) as solvent. Coomes et al (1964)
later pointed out that the repolution of the
aflatoxins was poor and incomplete by this method.
Rf. valuens were not reproducible on paper chromato-
graphy, excepl on pstrict adherence to epecific
conditiora such an, time allowed for snturation of
tank by the solvent; temperature and grade of paper

used. These difficulties can be avolided if &

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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standard sample is run along with the test. This
procedure was adopted by Broadbent et al (1963),
An assessment of the amount of toxin preseni in the
sample is made by a technique of serial dilution
until visual extinction of the fluorescence OcCcCurs.
The minimum detectable amount of aflatoxin was
stated as 0.1 to 0.2 g . This method has been
criticized by Nabney and Nesbitt (1965), since it

18 subiject to certain errors, such as quenching of

fluorescence by lmpurities accozpanying the

aflatoxin spot (Lijinski and Butler, 1966).

{(c) Thin-Layer Chromatography.

Thin-layer chromatography can be used as n
preparative ne well as an analytical method. It
alno has the advantage that the overall time for
analyeis i coneiderably reduced. An extract
contnining allatoxin is applied onto n plate, which
is lster doveloped with two to five percent
methanol in chloroform as solvent. The chromato-

gram is viewed unduf ultraviolet light at 363myu .
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A complex array of fluorescent compounds is
gonerally present, (Nesbitt et al , 1963). The
Known aflatoxins comprise four of these comporents.
Two of them emit blue-violet light and the other
two give yellow=green fluorescence. On silica gel
plates developed in three per cent methanol in
chlorofors, Asaoc et anl (1963) rocorded the

following Rf. valueg for aflatoxins B4, Bp, G4

and GE 3 -
-
Aflatoxins Bq B, | Gi ,GE ,
- T T_
Mol. Wt. 312 | 314 328 | 330
Rf. Value ['G‘Fé 0.5% 0.48 | 0.46

In our laboratories woe have noticed that
the resolution ol the aflatoxine is best when
freshly prepared plates are used. Rf. values are
more roproducible on plate than on paper and can
be used for the identification of the toxins.
Lijinaxy und Butler (1966), howsver, noted that
the green fluoroscence often observed for aflatoxin

Gq 4o due to the presence of yellow impuritien
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When acetic anhydrids was added to this solvent,

these impurities were removed. Bimilar improve-

- ment in resclution has been achieved by Adve and |
Mateleas (1964).

In order to be able to estimates the

concentration of the different luvels of aflatoxino

present in peanut meals, Nesheim ot al (1964)
ugsed standard solutions of pure aflatoxin and
compared the fluorescence of known amounts of the
standard with that of the test samples. This
method hms also been sdlopted by de Iongh et al
(1964). There are two jossible objections to thias
method. Firstly, it is known that the fluorescence
of methanolic solutions of aflatoxin varies with
time; secondly the activity of the plates and the
cholce of developing nolvents appear to be critical
for the wuccran of the detormination. The method

- 48 howevir valuable for routine determination of

levels of aflatoxin in groundnut producta.

N
.
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(d) Spectrophotometry.

Chromatographic analysis of aflatoxir
followed by visual or photographic examination of
fluorescence are Known to be subjective ard has
been criticized by many investigators, (Coomes et al
1965; Lee, 1965). The absorption and emission
spectra of the aflatoxing were obscrved to be

similar (Sargeant et al , 1961; de Iongh et al ,

1962). On exposure to ultraviolet light, aflatoxin
B4 4o oxcited, and a characteristic blue fluores-
conco is emitted. Other fluorescent materialas
presont in chloroform e¢xtracts obtained from
natural products may prevent a precise measurement
of toxicity. It is also desirable that the recording
of the intensity of fluorescence should be non-
subjective. Furtbermore, Lijinski, Raba and
Chestnut (1961) have ouggested that asuccesaful
application of spectrofluorimetry as an analytical
technique requires the measurement of emission

intanpities under carefully contralled conditionas.
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Carnaghan, Hartley and O'Kelly (1963) recorded ihLe
fluorescence omipsion maximum for aflatoxin 5,

or By at 4258) and that for Gq or Gz at 450mM .
These authors also observed wide differences in the
intensities of light emitted from equi~-molar

solutions of these four subgtances. When compared

on an arbitrary unit called KQ, the following values
wore recorded for aflatoxins B4 (0.5); B> (4.0);

G4 (2.5) and G2 (6.5). The KQ value represents

the fluoreacence intensity of the test substance,
relative to that of quinine sulphate. The reciprocal
of this value 18 a measure of the concentration of
the subptance in micrograms per millilitre, that will
Eive the same fluoreomcence intensity as one microgram

of quinine sulphate per millilitre of solution.

The above method can therofore be usmed for the
eatimation of low levels of aflatoxin provided a
sultable goeparation of the toxins one¢ from the other
has been nchieved. Lijinaky and Butler (1966)

obostrved that during chromatography of extracts of
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spoiled diets, the green fluorescence given by
aflatoxin G4 was due to the presence of yelilow
impurities. Hence reliance on green fluoresconce
as a means of identification and estimation of
this material may be misleading. The prrecence of
non=fluorescent impurities may also reduce the

intensities of fluorescence of those substances

considerably.

Nesbitt, Hartley, and O'Eelly (1963) recarded
the ultraviolet spectra of aflatexin B4, Bp, G4
and Gy 1in methanol. The authors observed that
all the aflatoxins showed peak absorption at 223,
265 and 363my . Using a 2-em cell, Nabney and
Nesbitt (1964 ) moupured the optical density of
methanolic solutions of the aflatoxine at 363my
and used thies 072 n baplas for quantitative assosao=-
ment of the concentration of theese substances 4in
solution. Thae relationship betweoen optical density
apd concentration is known to be linear over a wide
range. In practice the optical density at 363au

minua that at 420my is used for the calculation
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of extinction coefficient, This takes into acoount
the fact that the shape and position of this ponk
in the ultraviolet spectrum does not vary with time
and also eliminates the background effect caused

by the pregence of pome othor substances which may

be present in the methanolic extract.

The biological and chemical tests have
generally been in good angreement with one another.
Physico-chemical tests, with better separation of
components on thin layers of silice-gel G are,
however, more reliable. Spensley (1963) suggested
that the presence of n non-toxic substance having
gizilar chromatographic and fluorescent properticns
sust not be overlcoked. For this reason, labora-
tories undertaking chemicanl tests for alflatoxin are
advised to cromsn-check their 'positives' by
biclogical assnys. There is no doubt that if the
chemical test 48 negative, the sanple 1ia aflatoxin-

free, nt loast down to the level of senaitivity

of the tnpt.
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‘#j The Structure of Aflatoxin.

The olucidation of the structure of the
aflantoxine pomed n challenge to the earlier

inveatigatora. Van der Zijden et al (1962)

pbtained a crystalline toxin from synthutic

culture medium on which Aspergillus fiavus had
grown. Chromatographic analysie showed that the
crystalline toxin contained a numiar of components
which woere separanble by counter current distribution,
(Neabitt gt al , 1963). 1Two fractions were distin-
gulishable; a blue fluorescent material, now called
aflatoxin B, was obtalned after re-crystallization
from methancl. It formed Arregularly shaped plates
shich =meltod with decomposition at 270°C with prier
pofteming at Eﬁh”ﬂ to 260°C. The other component,
aflatoxin G, forred fine colourless needles with
melting poisn®t at 247°C to 250°C. These crystals
wore later shown to contain impurities, which may

be 4iffi-4vlt to remove by solvent extraction on
repented yru-orystallization. GStructural studies

of complesx molecules roquire the application of
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‘mans speoctroscopyj ultraviolet and infra-red

apectroscopy. Recently, nuclear magnetic rescnance
spectra of molecules have revealed the dimpositions
of protons or orientation of end groups 4in stereo-
figomers (Van dor Merwo ot nl, 196h; Leuo ot al, 1965),
Mass spectroscopic examination revealed that the
molecular weight of the blue fluorcecent material
(aflatoxin B4q) was 312 and that of the green
fluorescent compound (aflatoxin G), 328. Elesentary
analysis ahowed that the aflatoxins contained C, H
and O only. This wae in agreement with an earlier
obasrvation by Sargeant ¢t al (1961), that this
toxin was different from pyrolisidine alkaloids

mbich contain nitrogenous bases. An oemperical

forsela of Cy(Hy0), was obtained for aflatoxin B.

On this bPasis 'he molecular formula for aflatexin B
=88 foumd %o be CqpHq20g - A molecular formula

for aflataxin g, Cq7H4207, was in agreoment with
L svailasie data. |

)
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presence of chromophoric groups. The ultraviolet
apectrum of the aflatoxins is charsoteristic of
compounda contalining conjugated doubls bonds and

' the presence of loosely bound electrons or lone

. palra. The pimilarity in the gpectra of aflatoxin
By obtained from different sourcis alaso suggest
that the composition of the molecular species is
the same (de Tongh et al , 1962; Nesbitt and
0'Kelly, 1963).

The infra-red spectrum is characteristic
of the molecule that givee rise to it. Hence the
sxssination of Ainfra-red patternas or ‘finger printa’
is & useful aid in the identification of compounda
or tlosely related pubstances 1t is noteworthy ‘
that there ‘e x striking similarity in the infra-
r red apucira rom the four aflatoxins. Nesbitt and
©1963) ware the first to recognise the
 3f lsetose groupe; s dimsthylens group

te 4 oxyges stem snd the sxilstance of an II




: -
-0d function in the aflatoxins. It wus

dﬂm arrangement of the groups bec.uuse ﬁf
insufficient data. The ultraviolet and infra-red

spectra were also not readily interpsctaile.

A now approach to structural elucidation of
the afiatoxine was made by a group of Anvestigators
at the Massachusetts Inetitute of Technology in
1963 (Asao, Buchi, Abdel-Kader, Chang, Wick and
Wogan, 1963). In their studies, aflatoxin was
extracted from Aspergillus flavus cultures grown
on crushed wsheat. The identity of this compound
with that described carlier by Britiash workers was
confirmed. On ratalytic reduction of aflatexin By
in sthanol over palladized charcomnl, three msoles
af hydrogen swer- dusorbed. The spectral characteri-
stice of Lis roduetion product was then compared

with tha! of ether organic compounds derived from
~ mafare. saad systhetic coumarine, suck as dihydro-

_N
N

I
swever, difficult at this stage, to auggest the
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1. The structure of dihydrobergsptens "@E_
hl.-llh-l by Van Dorp st sl (1963); and that of

-ttmpntﬂﬂun was elucidated by Bullaeck st al (-'lﬁﬂ
The structures and physical propertics of aflatoxin y 1

and that of derivatives of coumaring are summariszecd
in table one on page 37, In proposing thense
structures for aflatoxin, it was argued that the
e=perical change in the ultraviolet and infrared
spectra, mccompanying the catalytic reduction of
aflatoxin By, demanded the presence of olefinic

double bonds in conjugation with either a double |
bend or with the coumarin ring.

Nesbitt ani O'¥s1lly (1963) reported a marked 1'
gifference in the nuclear magnetic resonance (n.m.r)
| apectrum of sflatcxin By and that of aflstoxim O4.
‘ Theses suthos: ~lao suggested the presence of a

Aibylrofus sn ring in aflatoxin B4 . The n.m.r.
apes Aso rovsaled the presence of a ssthoxy
 for throe out of the tesive
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PABLE 1: PHYSICAL PROPERTIED

OF AFLATOXIN AND RELATED COUMARIN DERIVATIVES.

“I" vy Infra
Btructure ] B Red Ro ference
Amnx yea=1
| —
7 223 |25,600 |1760-168% ] 196%
[ : 4 a .
APEATGXIN B, 'S E__l 265 [13,400 ‘H:ri Asac ot,pl 1965
! & "5
T T/&“
"‘uﬂf"!\ﬁ"'ﬂf_ﬁ-}, z62 | 21,800 | 1562
| il G p
dﬁ‘rh 220 | 19,600 | 1760 |
. _ | :
AFLATOXIN B,) 314 Cqnf440¢ \'“‘]' -.l""L‘%- _;1,_-J 265 | 9,200 153? Caang gt.al. 163 u
~Nor ‘-f:r’l“j Ha 362 | 14,700 | 1600
243 | 11,500 | 1780
EESIOXINGq] 320 | CqpH120; (% 257 | 9,900 |1695 Asno eb.nl, ﬁ?
| R s 1965
| o 264 | 10,000 | 1630
U\o/*x = My 362 | 16,100 | 1505
' | 1545
- = —4 = L | = - N
" 217 | 28,600
] =1731407 ? | 245 |42 900
| 26° [11,200 1
_ 2| 363 ]|79,300. 5
_“ T - ‘_ f = ' . — = -\-
ETEAR TORO- jin/ N 255 8,500 |1705 . Ju
JESOXY AFLA- | 300 = N 264 | 9,200 |1625 Asno, et al, 1965 |
TOXIN B, LO—LQ'“‘ y e 332 |13,900 |1580
— +- v + 1 + —
G? 248 | 7,700 |1706°
o ¢ =DLMETRCK A\ 'l:j 257 | 7,000 (1608 Asao et al, 1965 |
CICLOPENTEND - Ca bH 41,04 N gt al
—y # —
%5, 7-DIMETHCXY | 3\ 245 113,200 1726
CICLOPETE- / \ |
BN (3,2-C) €14512°5 268 | 8,700 1614 hoaoo et al, 1965
= | € 356 | 9,000 (1556 |
—— . — _T——-— = -
215 [22,200 |1759 .
547y D I| . 237 |14,600 |1685
o (2,3-0) | - | v,.94208 Ei'? 9.:5u 1614 Asuo et al, 1965 |
Z 00 |1 ~
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355 |26,800 [1550
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The proposed structure for aflatcxin B4

has now been confirmed by Buchi et al (19€5) when

a total syntheésis of racemic aflatoxin B was
achieved. Another confirmatory evidence was
reported from X-ray chrystallographic studies.
Cheung and Sim (1964) obgerved that aflatoxin Giq

. crystallized from benzene as well formed prismatic
crystale containing benzene of solvation. 1In this
way, one crystal unit would consist of two molecules
of aflatoxin G4 and cne molecule of benzene. Using
the isosorphous replacement technique, bromobencene
and bromothiophene solvatcs wore also prepared.
X-ray crystallography of these crystals showed throe
dimensionnal elcctron density patterns. Those were
displayed in contoured sections on shoots of glaes
and staked op a frame. The final picture which
emerged confirmed the proposed structure for

A variant of the structures of aflatoxin
G4 bhad been proposed by Van der Merwe, Fourie and

Scott (1963). 1In their view, the position of the
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dihydrofuran rings in relation to that of the
lactone rings were reversed. Thies proposal is not
supported by the available evidence. It is now
known, that aflatoxin By contains an af-unsaturated
6 = lactone and a cyclopentenons ring in which the two
carbonyl groups are cross-conjugated with the double
bonds, while aflatoxin G4 with its additional
oxygen atom, hns two cross-conjugated aP-unsaturated

6 = lactonic rings.

(vi) Toxicity of Aflastoxin.

(a) IDgs of Aflatoxin in Different Species .

In table 2 the results of LDED studies on
aflatoxin reported by different laboratories show
8light varlatione in dotails but support the
nsasrticn that aflatoxin is a very potent carcinogen.
Tha Lnﬁﬂ for aflatoxin B4 to day-old ducklings
variss from 0.37 mg/kg (Carnnghan et al , 1963) to
0.56 mg/xg (Asno et _al , 1965). Aflatoxin Gq has
a third of the potency of B4, whilst aflatoxins
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TASLE 2: TOXICITY OF AFLATOXINS By, By, G4 AKD G, TO DUCKLINGS AND RATS

F

' |
Age or Route of Afln- LDgq
Animal Wod ght Sox (A5 (n- T Do~ m:chs Reference
—-i tration uged ((¥g)
& & 1. l'
Duckling 1 day H Oral B4 18.2 0.3%7 Carnaghan, 1963
Duckling 1 day M Oral B> £4.8 1.85 1 "
Duckling 1 day M Oral Gs 19,2 0.0 " "
Duckling 1 day M Oral Go 17.25 | 3.97 " "
t t
Duckling 1 day M Oral 8y | 17.5 | 0.335 | 1ijiceky and
Butler, 1966
Duckling 1 day M Oral G4 54.08 | 0.95 " "
Pure G4 45.7 0.78% " 1]
Duckling 1 day M Oral B4 28.2 0.56 Asao et al ,1965
G4 0.0 1.80 " "
t L
Duckling 1 day M=F | oOral B+ 12 - Holzapfell gt a}
1966
Duckling 1 day M=F Oral M4 16. 6 - " 2
M2 62.0 - " .
—ia 1 day #=F| Oral B4 = 1.0 Asao et al 1:5‘65-
21 days | M Oral Ha - 5.5 s 3 A
A VIR Oral B4 720 | 7.2 Butler, 1964
10135 ip 51 E@'D E.ﬂ' "
= 120¢ 3 Oral B4 1193 | 17.9 0"
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B, and G are relatively much less toxic. In

the rat, the toxicity of aflatoxin decrenses
rapidly with age, and weight increase (Butler, 1964;
Asaoc et al , 1965). This may be relatod to the
relative undordevelopment of drug-metabolising
mechanisma 4n the very young animal. It haas,
howover, been reported by Helzapfel, Steyn and
Purchase (1966) that aflatoxin M4, & metabolite

of aflatoxin B4 4ip also a potent carcinogen. The
spocies differences in the toxicity of aflatoxine

to animals have not been fully investigated. An
explanation of the species differonces will also
require understanding of the metabolis= and
detoxication of these toxins in vivo.

to
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(1) there is considerable proliferation of 3
bile duct epithelium to form numerous

structures resembling small bile ducts;

i (2) chronic, frequently cobliterating,
endophlebitis of centrilobular and

hepatic veins;

(3) wide varintion in size and shape of
paronchymal cells, many of which contain
abnormally large, coarse and densely

| basophilic nuclei and

(4) Adiffuse fibroscis which disrupte lobular

structurc.
| |

I

) Lancaster, Jonkins and Fhilp (1961) fod
 tox! © groundnut meals to rats for a period of six

-f__'ii'-‘*"*,- s and observed the presence of liver tumours,
"_?7 s, coll Eiﬂ!gl-ﬂ:l: or cellular
ation was mbsent. This suggests that the
; tly on hepatic cells.
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(1)  there is considerable proliferation of
r‘. bile duct epithelium to form numerous

structures resembling amall bile ducts;

(2) chronic, frequently obliterating,
endophlobitis of centrilobular and

hepatic veins;

(3) wide variation in nize and shape of
parenchymal cells, many of which contain
abnormally large, coarsoc and densely

bagsophilic nuclei and

(4) diffuse fibrosis which diarupts lobular

ﬂ-t' :I:'l.ll:t uro .

‘Lancaster, Jenkins and Philp (1961) fed
Hfﬁﬁiigjtuuqdnufflﬂlii to rats for a period of six
| observed the presence of liver tumoura,

fl“?'i ©eld necrosis or cellular

WALt Y ,g}l!nti. !hin suggests thnt the
[ - ag ':':! ne f’W‘_ ly on mth l.m
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The diet used in this experiment contained 20.15
per cent casein. A more severe attack was reported
by S8hoental (1961) 4in guinea pigs fed on diects
containing 15 per cent groundnut menl. Butler

and Barnes (1963) fed rats and guinea pigs on
commerclial rations and showed that the changes in
the pathological pictures in these animanls are
similar. These include the proliferation of small
bile duct epithelium, which extended to other
lobules progressively. Thease authors also
demonstrated that as little as 0.4 parts per million
of aflatoxin induced hopatic tumours in five out of
oix rats nnd that when the diet was supplemconted
with extra choline or methionine, the incidence of
hepatomn was not decrensed. Thic showe that
aflatoxin is 1,500 timos more toxic than other
chomicnl carcinogens, or moethylating ngents like
butter ysllow and that ites mechaniem of action in

probably different.

It is significant that a single oral doase

:&{m By (346 mg/kg) gives rise to a
i
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Il periportal lesion whick remains a permanent feature _|
* of the damaged liver (Butler, 1965). It is therefore
informative to recount the sequence of events leading
to gross liver damage in aflatoxin poisoning. Within

! the first twenty-four hours, thers is s loss of
glycogen in the liver, which ies accompanied by immedian-
te arrcst of rogeneration of hepatic and kupffer cells.
This ins then followed in the next day by peripheral
zone necropois and fatty infiltration of parenchymal
colla with pyknotic nuclei. On the third day there

ie well developed biliary proliferation extending into
the zone of necrosis. These progressive changes result
in diotortion of the lobular pattern. The long ters
effoct of aflatoxin is a permanent damage of the liver
cells. Butlor and Barnea (1964) found hepatoma in

rats which wore given diets containing aflatoxin

£1.75 p.p.n.) for 89 days but roturned to n commercinl
- diot for another 316 days. The situntion progresaively
an eriorated with time, even after a change of food
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(¢) Protein Synthesis.

Histologlicnl changes in the liver of rate

after poisoning with aflatoxin B4 1i& sccompanied

by a fall in the activities of heputic enzymes and

a corresponding olevation of serum enzyme activities

(Bassir, 1964). Clifford and Reeas (1967) confirmed

that the scrum levels of isocitrate dehydrogenase,
glutamate dehydrogenase nnd malate dehydrogenase
wareo raisod twenty-four hours after administration
of aflatoxin B4 to rats. This was then followed
by a rise in bilirubin concentration and alkaline
phosphatase activity. The hepatotoxic action of

aflatoxin results in o release of hepatic enzyme

into the sorum.

The bdicchemical changes following the
develcprent of experimentally induced liver injury
and necrosis may be preceded by damage to
subcellular particlee or alteration in enzyme
Syntemp involved in maintaining the energy supply

and fom transport mechanisme of the cells. Dickena
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and Jones (1965) domonstrated that aflatoxin B,
unlike other carcinogenic lactones reacted vVery

8lowly with the sulphydryl groups of cyatein in

vitro. The carcinogenic potency of aflatoxin is

alaoc greater than that of other clomely related
substances which react chemically with sulphydryl

Eroups quite readily, whereby their activity is

lost (Dickens, et al, 1966)., It is alco considered that

the very high activity of the aflatoxins may be a

consequence of other chemical features of the

molecule.

Clifford and Rees (1966) proposed that the
biochemical chonges underlying the development of
liver necroeis in the rat after administration of
aflatoxin B, wero as follows: The toxin
Anterracts with DNA. This interraction prevented
the RIA polymerase transcribing the DNA and,
inhibitcd the formation of meossenger RNA (mRNA).
A fatllure in mRNA formation resulted in an
iuhlsision of protein synthesis which the authors

fonsidered to be the cause of liver necrosia,

m AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
_—



s view is based on a number of experimental

observations.

(1) The absorption spectrum of aflatoxin B,
wae altered on addition of various concen-

) trations of calf thymus DNA (Wogan et al
1966; Rees and Clifford, 1966).

| (2) The incorporation uf[1uﬂ}liucinn into

protoines (Smith, 1964) nnd[mc-}nrntic
acid into the RNA of liver slices

(Clifford, Rees, and Stevens, 1967) were

inhibited by aflatoxin By.

,'_'(_:_.';_1 The change in absorption spectrum of
aflatoxin Bq was similar to the difference
in spectrum given by actinomycin D in the
presence of calf-thymus DNA (Clifford and

~ Rees, 1967).
= J
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The effects of aflatoxin on difforont organs
in rat have been reported by Butler and Harnes (1965).
In the kidney the proximal convoluted tubule shows
cytoplasmic swelling and pyknotic nuclei, similar
to that found in the liver within twenty-four hours.
The glomeruli are normal, but cells with hyperchro-
matic nuclei are seen in the loops of Henle. Of
the three zones of the adrenal cortex, only the zona
reticularis is affected. The other two zones, the
gzona glomerulosa and zona fasciculata are kmown to
be the contre of asynthetic netivity for the adrenal
steroidas. The lungs, pancreas and the alimentary
canals were lonst affected. The heart showed amall
areas of oyocardial fibrosis and the red pulp of the

spleen weor:s necrotic in appearance.

Theron, Liebenber and Joubert (1965) reported
on the eolectron micrographe of liver cells obtained
from rats given soute doses of aflatoxin Bq. In

iﬂﬁﬁﬂ. the mitochondris were awollen and

jowed evidence of dissolution of oxtornal limiting
e e
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‘membrane. The cisternae of the endoplasmic
reticulum in contact with the red-blood cells
appear dilated and filled with n finely granular
material. The endoplasmic reticulum of the liver

of control animals showed the long slonder profiles.
It was also noticed that the morphological changes
in the liver cell organelles were nlways more severe
in the vicinity of extravasated red-blood cells.
This suggests that the toxic principle (aflatoxin By

or possibly a closely rolated substance) was transpor-

ted by the red-blood cells.

The foregoing ovidonce polnt to the fact that
aflatoxin reaching the liver through the portal
system exert a cytotoxic effect on the membrames of
intracytoplasmic structures. Reynolds (1563) has
stated that alterations of tho cell membranes may
ropult in functional changes in enzyme activity.
The induction of hepatoma in aflatoxin poisoning
14 therefore be a consequence of metabolie
ged by the derangement of close relation-

pystoma.

POSITORY PROJ]iCTI
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The high incidence of hepatomas in hatchery-
reared rainbow trout (Salmo-gairdnerii) may be related

to the diet ufled (Wolf and Jackson, 1963). It is now

thought that aflatoxins present in the diet are

responsible for this incidence. Thua, crystalline

aflatoxin, purified diets to which afiatoxin had

beon added, and commercial trout rations in which

aflatoxins were found, all produced hepatoma in

rainbow trout (Ashley, Halver; Gardner Jr. and

Jjogan, 1965; Sinnhuboer Wales, and Lee, 1966).

-

(e) Teratogenesis.

The nction of aflatoxin on the cells and ite
interraction with subcellular particles has been
reportu? by Legator and Withrow (1964); Legator,
Zuffants and Harp (1965). Thore wns suppression of
mitoaig 4in diploid and heteroploid lung cell cultures
w0 the mddition of aflatoxin B,. In these cells,

8yrthegisn of DNA was decremsed. Zuckerman and Fulton
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(1966) ; Reen, Inman and Pelts (1967) compared the

cytotoxic effects of aflatoxin on human and ret

embryonic liver cells. These authors concluded

that there was a striking similarity in the action

of the toxins on these cells.

In pregnant mammals, aflatoxin polisoning
may show dismal effectno in the offspring. Such
matoernal influences may resull in defects or
malformations in the foetus. Elis and Di-Paolo
(1967) administered nflatoxin B4 to pregnant rats
between ninth and fourteenth day of the development
of the foetus. 7These authors noticed signs of chromo-
somal rearrangements in the nuclei of the rapidly
differentiating cells. Aflatoxin may also have a
secondary effect on the metabolism of the foetus.
There wa-. however, A decrease in the incidence of
manlformat lons following the injection of aflatoxin
By~LA sixture to rats (Rees, Clifford and Stevens
1967 ). 7his is in support of the view expressed by
Pees and Clifford (1966) that the teratological effects
B4y be 5 consequence of the binding of aflatoxin to

A and inhibition of the DNA-dependent RNA syntheois.
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(1) Aflatoxin Working Standard

5 ml of a chloroform solution of aflatoxin

was presented to us by the U.S. Department of

! Agriculture, Louisiana. This working standard

contained the following :~-

Aflatoxin B, 0.0038 per pl

" HE 0.001 " "
" u1 n_mﬁ " "
" uE ﬂ.ﬁm_ﬁ " " o

The above solution was analysed on silica gel G

S

:':34.; ;-w'r Pllt._‘.!l developed in 3 per cent methanol

_shloroform. The following subatances wore
Q’);ﬂa 'j m-[{-. w aen epa mined G aul'li'liml‘ﬂhhl,
(2) afiatoxin By gave intense blulsh

fluorea ‘L‘ir spot at Rf. 0.48¢

ORY P :



1 1
P

3

. -
1 Iy = = '.l'i- = 13§ e e T LU P ]
. 'Ja‘:?l r_. B; : a very faint bluish

e ==

(¢) an intense greoenish apot mt Rf. 0. 38
and a faint greenish spot at Rf. 0.34
corroopond to aflatoxins Gy, and

ﬂz respectively.

(41) Composition of Cza -Dox Medium

(Dox and Thom Modification, Morris 1960)

3Q g Sucrosne,
| 2g Sodium MNitrate,
1g Dipotassium Hydrogon Pnosphate,
0.5 g Magnosium Sulphate,
0.5 5 FPotansium Chloride,

|'—“!‘ _ﬂ_,{}‘l-; Ferrous Sulphate,

| 3 ._
""',"I:- dicasclved in tap water to make a litre. Tap =i
i -

e
1

de the necessary trace elements

:: ,':I;‘.;.m:_-:'ﬁ.r.. .

e = e |

(|} L N - r » 3 -
¥ 1 SfiFs
i .J.:..I':'1.1‘.'|:'. A,

I
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(i11) Fungal TIsolates.

The following fungal isolates were supplied
by Dr. 5.0. Alasoadura, Department of Botany,

University of Ibpdan.

Aspergilluas Ochraceus (39)

This waos isolated from lotal¥fruits. It belongs

to the Aspergillus Ochraoceus group, possessing

septate mycelium and white apores. The spore

diameter was approximately 0.25 to 0.3¥

Aspergillus Flavus (75)

This was isclnted from the soil in Ibadan. It ia

a member of the ﬁunrEillun flavus group, which is

commonly found in the mycroflora of stored products.
The mycolium was septate and the conidia were greon

in colour. The spore diametor was 0.%45 to 0.50W .

Aspergillus Flavus (81)
This was a strain of Aspergillus flavus Link ex

!ﬁ!l-. originally obtained from mouldy groundnute.

‘r AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



This fungus was presented to the Mycology Latoratories,

in the Department of Botany, University of Ibadan by
the Tropical Product Institute, London. The morpho-

logical characteristics are similar to those of
Aspergillus flavus (75) described above.

The numbers indicated in parenthesis were the

serial pumbers given to these cultures.

(iv) Composition of Experimental Diets for Rats.

The following ingridients were weighed and

mixed together in = vati=-
Cagein g Supplicd by B.D.H. Licited, England

| contained less than 5% moiature.

Fat Contained 10 g of Danish Butter

melted in 100 g groundnmut oil.

Salt : Mixture was prepared according
to Hubbell, Mendel and Wakeman

(1937).

ABIDEC : A multivitamin mixture manufactured
by Parke, Davis and Company, London

. AFWGIW REPOSITORY PROJECT
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Composition of Diets in

E_per kg.
B =
- Suc~|Cel=-]8alt |Vita-
Diet ein|Fat| rose |lul-|Mix=- |mins
(g) |(g)| (g) |ome |ture| (g)
(g) l{g)
(a) High-protein diet| 250| 80 | 610 30 20 10 [
(b) Low protein diet | 40 | 80 | 820 30 | 20 | 10
(e¢) Normnl diet 150180710 | 30 | 20 10
i

One killogram of e¢ach dict was prepared and

gstored at 49 until required.

Crude-protein 21.0%; Fibre %4.0%

Crude~-protein 20.0%, Fibre 3. 0%

(v) Commercial Dist for Laboratory Animals.
(a) Rat: Supplied by Livestock Feed Ltd.,
F.’_,‘_',lhind-
Ana) ysin:
.ﬂ.nd Dil 515%1
(b) Rsbbit: Supplied by Livestock Foed Ltd.,
England.
Analyois:
ﬂ.nd ffil 5I?f;i
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: A1l radioactive isotopes usod were purchased

l from the Radiochemical Centre, Amersham, England,

Sodium mcetate-1-C'*, specific activity 29 mc/mM.

Sodium ncntntn-ﬂ-«'c“, specific activity 27.4 mc/mM,

batch hgl

5 D-El\.lﬂﬂlﬂ"n"htu}i ﬁpﬂﬂifi'ﬂ ﬂ.ﬂti"itr 1?-3 ﬂf.‘fl"'
| batch 27.

Eunrn&a-ﬂ“"(ﬂ). specific activity 185 mc/mM,
batch 4.

Elrninn—c1ufﬂ}, specific activity 108 mc/mM,

batch 13.

Taurdine-5-35, specific activity 12.4 mc/mM, 83.42.

~ The '-'tqtll-lﬂﬂﬂtilllﬂﬂ choecked just before use.

. Except for Taurine-8-35, a stock solution of
_¢ach of the labelled matorials above was prepared.
00uec  per ri;r of solution.

r.l:‘_ |pl_'|_-_ ,1-_.—;
to glve
b - e

-




i
- J-"q_-'iﬂ‘—_' e L i . 3
- A standard solution of taurine-5-35 wae

| .
Ppropared and used immediately afterwards.

(?i:‘l.) Composition of Kru'gu-ﬁinnr Phosphate and
and Bicarbonate Solutions.

1. Nacl (0.154M)
| 2. KC1 (0.154M)
| .
| 3. CaCl, (0.11M)

b, KH,PO, (0.154M)
S. MgsSO,7H,0 (0.154M)

6 Hlﬂcﬁ3 (0.154M).

I{‘;‘l": above solutions were mixed in tho following
proportions -

| 100 parts of solution
plus 4 parts of sclution
-..ﬁ_l_.tl_q_- 3 parts of solution
plus 1 part of solution
part of selution
_parts of molution

o WM FowoN
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w

solutions after mixing was gassed with air

for ten minutes.

(vii4) ILiquid Scintillation Phosphors.

k ' 2, 5, diphenyl oxazole, Packard
|

. Instruments Ltd. (scintillation

Erldﬂ} .

Sg was dissolved in a litre of

scintillation grade toluene.

N.E. 220 1iquid scintillator for use
with mqueous solutions - Nuclear

Enterprises Ltd.



CHAPTER THREE

METHOD S,

Culture Tochniques.

The growth of Aspergillus flavus on 65 diffo~-

rent eubstrotes as carbon sources was compared with

that on sucrose (Visscer, 1967a). The mycelial dry

| wolght increases with increane in sucrose concen=
tration, but this wae not parallelled by the amounts
of aflatoxin produced (Davic, Diener and Eldridge,

| 1966). It was thoreforo nocessary to carry out

preliminoary cxperiments to determine the conditions
for the growth of Aspergillus flavus and production
'-i:_'t. Allatosin in cultures. uging synthetic medin
previounly described by Osiyemi, Bababunmi and
llllir {19_5-77)_'-' A modifiention of Czapek-Dox

dium was found puitable for the subsequent
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experiments, described in this section on the growth

and production of aflatoxin by Aspergillus flavus.

(1) Preparation of Inoculum,

Fungal spores were scraped loose from cultures
on agar slant with a platinum loop and transferred
into 10 m1 of sterile distilled water. A drop of
teepol was added and then mixed thoroughly to glve
a uniform distribution of epores. 1In order to frlll
the suspension from picces of mycelium, the prepara-
tion was filtered through sterile absorbent cotton
wool. Counting of the conidia present in the
f4iltrote was carried out with the aid of a haemo-
cytometer. The size of inoculum was then adjusted

Eg;;?:r106_uqnidin per 1.0 ml, by adding atorile

distilled water to the suspension.

DIGITAL HEALTH REPOSITORY PROJECT
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~poured into each flask and autoclaved at

'Hyﬁiului. for one hour. On cooling to room
temperature the solution was inoculatsd with

1.0 ml. of spore inoculum containing approximately
2 x 106 fungal spores. The flask was left to rest
in a lllhting position, in order to provide a wide
area for the surface culture. The incubation pericd

was seven days at room temperature (approximately
27°c).

(1ii) Orowth of Aspergillus Species on

Czapek-Dax Medium,

Different procedures have been used for in

¥itro culture of Aspergillus species on natural and
synthetic media (Tropical Product Institute Report

r fiﬁa.ﬁ, 1964). Toxin-producing fungl were reported
o rrow on peanut mesls (Codner, Sargeant and Yeo, :
 1963); Crushed whent (Chang, Abdel-Kadir, Wick



fungal i{soiates under the

saze condition in cultury flasks containing

100 =1 Czapek-Dox sedium, The surface
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complex substrates, synthetic media contain pure
compounds of Known composition and concentration.
These were found suitable in blogenetic studies by
Adye and Mateles (1964). Addition of corn-steep
liquor (Shroeder, 1965) or two per cent yeast
extract (Davis, Diener and Fldridge, 1968) was
found to increase the rate of growth of fungi and
the production of aflatoxin. 1In the experimonta
described in this thosis, three fungi of the
Aspergillus group, commonly found 4in Nigerian moils
wore selected for study. These were classified as
described previously on page 54 . Fungal spores
were grown ¢i‘hier on surfaco culture or in

serated culture medium.

Surface Culture.

1 m1 of spore inoculum was ndded to 100 ml
Crapek-Dox solution (100 ml) autoclaved and later
¢soculated with fungal sporesm as described in the
fermentation procedurs on page 61 . At the end
#*ﬁoﬂmm“ period, the content of the flask
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was filtered into a Buchner-funnel, using vacuum

filtration. The mycelium was washed twice with

distilled water on the funnel, and then transferred
into a weighed porcelain crucible. This preparation
wns left to dry in a forced draft oven, at 1057C, to
n constant weight. The dry-weight of mycelium was
recorded. The growth rates of Acpergillus

ochraceus (39), Aspergillus flavis (75) and

Aspergillus flavus (81) on surface cultures are

recarded in Fig. <.

Aerated Culture.

Sterile air was passed into the foermentation
flnak at =z consptant rate of three bubbles per second,
The procodure uned was a modification of the method
of Arnstein and Crent (1954). The CO, present in
emorgent gao atreas was passced vin a gas trap into
thres seto of paturated Barius hydroxide solutions,
The dry weight of the mycelium from the culturos

of Aspergillud pchraceus (39), Aspergillus flavue (75)

torained am
neA 552555;5555 flavus (B1) were de
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Thin-layer chromatopram showing

the production of allotoxin by

Aspergillus flnyus (75)

Ochraceus nns An

on

Czapek-Dox medium, Asporeilluys

lergillus flavug (81)

did not produes aflatoxin under the

sane condition,
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described above and they are recorded in Fig. D
Analysis of the filtrate and mycelium from these
cultures, carried out according to the procedure
described in Tropical Product Institute Report

No. G6 (1964), revealed that Aspergillus ochraceus

(39) and Aspergillus flaovus (81) produce blue

fluorescent materinls which remained at the origin

during chromatography. Aflatoxin was not detected

in these cultures under the experimental condition,

Aspergillus flavus (75) produced good yield of

aflatoxins B, and G4 (soe Fig. 4). This

observation is in agreement with the findinga of

Delner ot al (1963); Codner ot al (1963), that the

production of aflatoxin by different strains of

Aspergilluas species variea considerably. Wildman,
Stoloff and Jacobs (1967) recorded in a Burvey on
Asperzillue flavus that '‘out of three-hundred-and -

sixty-three strains of Aspergillus flavus reported

in the literature, only one-hundred-and-one were

toxin-producing".
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In order to develop a suitable method for

the production of large amounts of aflatoxin, the

following procedure was adopted, Aspergillus flavus

(75) was cultured on Czapek-Dox medium as described

previously on page £5 . The culture was harvested

daily and the amount of aflatoxin produced was

assayed by a modification of the method described
by lee (1965).

This 16 a 'wet extraction' procedure,
followed by thin-layer chromatography of the

chloroform extract.

The production of aflatoxin under two
difforent expericontal conditions was investigated,

In table 2, iy recorded the amount of toxino

produced in surface or soratad cultures. In the

surface culture, aflatoxin was detectable in the

medium on the third day, whilst the toxin was found

in the nmerated culture twenty-four houra later.
The production of aflatoxin progressed with incroane

in lncubation time, after an initial latent perdod.
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TABLE &:

PRODUCTION OF AFLATOXIN BY ASPER

-11.L.08 FLAVUS (75)

Ipcubation
Period in Days

AFLATOXIN PRCDUCED (ug/L)

gurface Cultures

hAernted Cultures

B4 Gy | Total By Gq Total
: ! \ = = - -
3 9 15 cly ~ 0 .
L 25 52 77 3 b 7
5 150 167 217 10 14 2k
& 200 218 L8 32 35 67
7 224 255 k76 71 98 169
- 225 216 451 135 152 287
9 216 22k k30 147 182 329
10 181 172 353 155 193 148
11 180 170 350 162 200 362
12 180 171 351 167 208 375
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~ %uto buckner funnel, rinsed twice with distilled water _

e i
fﬁﬁﬁi;_fﬁug;fﬁrﬁfinn.df’Idntngin into Cultures

of Aspergillus Flavus (75) and (81)

Growing on Czapek-Dox Medium.

In the next experiment, biogenesis of aflatoxin
{rom ncltntnE-C1q]ard aﬂuttu[a-t.m] wos investigated.
It was desirable to develop a suitable procedure for
the synthesia of C1*-labelled aflatoxin, with high

specific pctivity, which can be used in metabolic

studiegs.

The bioeynthetic procedure adopted wns o

modification of that described by Hunter and
Hechenhull (1955) for the incorporation of ¢1Y-
labelled compounds into streptoaycin. A sterile

solution of I‘l-ﬂﬂ’—] ancetate or [E-G"""’] ncetate .

(50 uM) in distilled water was added nseptically into

8 culturs of Aspergillus flavus (75). The surface

culture was incubsted at room temporature for meven
'ﬁ!rgp At the end of this period, the mycelisl growth,
Sovering the surface of the culture was transferred

~ AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



r
hﬂhﬁuw to a constant weight in a forced draft

m ?‘il at 1ﬂ59¢- The radioactivity in the dry mycelium

e e—

- = was determined by counting portions of it on weighed
] N planfchet®s in an end-window Geiger Muller counter
at infinite thickness.

The washing from the mycellium was added to
the filtrate in a standard flaask (100 ml) and made

up to mark with distilled water. Randioactive content
of aliquots of this solution was estimated by the
liquid ecintillation technique. The aflatoxin content
was determined by the method of null-fluorescence
technique (Osiyemi, Babubunmi and Bassir, 1967).
Specific activities of the E“'-lnhnl.‘l.nd aflatoaxineg
wore dotermined and expressed in mu C per mM.
Sufficient counts to give n standard error of *+2

per cont wure made 4in all determinations.

Wien -E'-C“" ]nﬁitltu was ndded to the

~ ouiture medium, 4 per cenmt of the radiomctivity was
present in the mycelfium snd 10 per cent in the

41 A higher proportion of the radioactivity
[E-n‘“f] acetato wam used.




=TI

The specific activity of the aflatoxin produced by

Aspergillus flavus (75) was less than half the value

reported by Adye and Mateles (1964) using a resting
cell method. It wan suggested that a considerable
portion of the isoctope was oxidiged or used largely
for the syntheoles of mycelium instend of being
accumulated for aflatoxin production. The distribution

of labelled isotopes in the fungal cultures iz shown
in table 3,

In the next experiment the utilization of label-

led isotope by the fungal cultures was invastigated.

1.0 m1 of spor¢ inoculum was added to 100 ml of

sterile Czapek-Dox solution. To tho mixture was added

1.0 ml of a stock solution of labelled isotope. The
culture was thon distributed ecqually inte 3% graduatod
centrifuged tubes (10 ml), plugged with cotton woel,
under mscptic conditiona. Tho preparation was loft in

a elanting position at room tomperature and harvested

poricidically nftorwards as follows :-

-

The conteéent of each tube wae centrifuged at
1,000g for 30 minutes. The superfatant was docanted

nud the residue, washed with aterile distilled water,
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1xcorrorATION OF [1-c1% |AcETATE mn,;-c"“hnm,aﬂ INTO AFLATOXIN

TABLE 3

BY ASPERGILLUS FLAVUS (75) AND ASPERGILLUS FLAVUS (81)

|

A. flavus (75)

A. flavus (81)

J

T:"'-; 14 J [E-_C"illl ] [1*E1q g;._l_c11|' ]
Acetate | Acetate Acetate cetate
|
Reight of fungus (=g) 365 412 373 450
count Rate por mg. of fungus (Counts per
Ot i sax ne) 634 1517 518 1134
Total counts in mycelium (Counts per 100 secs) 231,500 | 624,900 2%3%,000 423,000
Total counta in filtrate (Counts per 100 secao) 627,500 | 851,250 655,830 909,150 l
Specific pctivities in muC per emM:
Aflatoxin B4 (221 L E) 3.0 5.4 - =
Aflatoxin Gq (255 ug) k.3 5.9 -

NOTE:

approximately 6 x 106 counts per 100 sces.
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‘The washing was added tc the supernatant ard then
L

 made up to 10 al 4n a standard flask. Aliquots of this

~ solution was counted in the liquid scintillation counter.
| The residue was transferred into a mortar and ground into
2 paste. A portion of this was then collected into a
woighed plontchett and dried on a hot plate to constant
weight. The dry-weight of myceljium on the pllnfchltt
nas doatermined by difference. The radioactivity in the
mycelium was eptimated by counting at ‘infinite thickness'
in n Geiger-Muller counter. The amounta of radiocmctivity’
remaining in the medium were recorded as shown in Fig. 5.

The figure also ghows the quantities of aflatoxin(s)

produced in the cultures during the same period.

Very little activity was found in the aflatoxin
| ﬁrnﬂu#nd.hy the nbove me*hod in which labelled mcetate was

added to *he culture medium before incubation coamensed.

‘A 'replacement culture' procedure andopted by Adye and

‘Matslens (1964) nlso gave a low yield of labelled aflatoxin
- starting from El'._-ﬂ-".'ﬂ: ]_- acetate as pregursor.

REPOSITORY PROJEC




:‘  1§“ihq=nitt~q:pur1linti a surface culture
?i%&g!ﬁﬁih on o non-radioactive medium. At a given
time interval after the beginning of incubation a
sterile solution of the radiocactive isotope was

added to the culture medium asmeptically.

On the seventh day, just before sporulation
| started, the culture was transferred into a separating

funnel nnd shaken with equal volume of chleoroform.
The solvent, in the lower layer, was drained off.

A fresh chloroform was added to the mixture and this

T

extraction procedure was repeanted three times. The
chloroform extracts were pooled together and filtered
through a layer of nnhydrous sodium sulphate. The
dry chloroforn extract was concentrated to a small
volume (spproximately 10 =1) and chromatographed on
¢#hﬂg-1g;!r of nilicn-gel G. The opecific activities

‘of aflatoxin produced was recorded in table 4, In
‘mubpequent cultures, addition of radioactive isotope
e I

i

:-ﬁfﬁiulliinlwun:-ipii?idbfﬁrfﬂﬂ hours.



TABLE 5

CHANGES IN SPECIFIC ACTIVITY OF AFLATOXIN WITH TIME OF ADMINISTRATION OF

[2-c1% JACETATE TO CULTURES OF ASPERGILLUS FIAVUS (75) ON CZAPEK-DOX MEDIUM

AFZATOXIN B,

AFIATOXIN G4

Time after start of
culture (hours) Specific activity 27 i Specific activity
'L_ [nuﬂfn}!} = = y {l: u{:fﬂ'ﬂ} Hl 1- l:
0 5.4 0.02: 5.9 iy
2l 11.5 0.036 18.7 0.059
36 ! -
17.0 0.053 19.0 0.060 L
LA 28.0 .
T U. 08l 22.4 0.070
60 30.0
- 0.0
6.0 0.081
4.0 0.075
ga 21":1 E'-DEFJ 18‘
i-D 0.056

activity of aflatoxin to the ape
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Section 1II:

- 79 -

Methods for the Estimation of Aflatoxin.

The Phyeico-chemical test for aflatoxin described

in the report of Tropical Product Institute, London,

No. G6, (1964) was adopted. The teat is based on visual

agpsespment of flucrescence of aflatoxin when compared

with that of standard solution of the same spubastance

under preacribed conditions. This is called the

'visunl assay technique'. An improvement on this

method, which doeos not depend on the application of a
standard referenco subatance was described by Coonmes,
Crowther, Francis and Stevena (1965) for routine

apsessment of toxicity due to aflatoxin B4 1in groundnut

and groundnut materials. This is called the 'Null-fluo-

resconce tochnique'. A modification of this procedure,

which 18 suiteble for the determination of aflatoxins

B ard G has beon reported by Osciyemi, Bababunmi and

Basgsir (1967). This method which 4s simple and

reproducible has now been extended for quantitative

ansays of aflatoxins By, B2, Gy and Gp.
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Aflatoxin levels were determined by a dilution

technique and the quantity of aflatoxin present in
test sazple was expressed as yug per litre of
culture medium used.

(a) Visual Assay Technique.

10 ml of dry chloroform extract of teat

sample was applied onto a chromatoplate of kicsel-

gel O. An equal volume of each of a se¢et of standard

solutions containing aflatoxins B,, B5; G4 or G,

was spotted en the same plate. The chromatogram was

run in a tank containing two per cent methanol in

chloroform and then viewed in o dark room illuminated
by ultraviolet lamp situated 30 em from the plate. A
photographic record of the plate was producoed by using
n Lelca Comora, fitted with a 2A (yellow) rilter,
After development of the plate, the intensity of

fluorescance was usod for the assessment of the

concentration of the aflatoxinm present in the teat

sasple, A comparison of the intensities of

fluoresconce of the teat and that of the standard

eolutions was madae at each dotermination.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT






(=

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 82 -

(b) Null-Fluorescence Technigue.

A Bet of dilutions of tent sample extracts
in chloroform was prepared, such that the dilution
factor ranged from & to 219, 0.2 ml portions
of these polutions were tranaferred onto Kiesel-gel
G thin-layer plates. The diameter of each spot
being less than 1 cm. The chromatogram was runm
in 2 por cent methanol in chloroform and viewed in

the ultraviolet light under the conditions described

above. The dilution factor of the solution with Jjust

visible fluorescence was noted. The smallest welght
of aflatoxin B, and G4 observable were 0,004 ug
and 0.003 yg respectively (Coomen, Crowther,
Francis and Stevens, 1965). By adopting a similar
experisental procedure the minimum quantities of
aflatorins By and G2 cbpervable were determined.
The vieual limits for the detection of aflatoxin By
and G, were found to be 0.000 wug and 0.003 ug
respectively. A photo-record of the fluorescent

spots on chromatoplates is shown in Fig. 6.
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~ The concentration of aflatoxin present in

tract was calculated as follows = =

, i
4 = visual 1imit for detection of

aflatoxin dn W g,

L = dilution factor,

-
k = volume applied to plate (0.2 ml),
v = volume of test sample extract (10 ml),
¥ W = Dry woight of material extracted {':}.

C = concentration of aflatoxin in wug

per litre,




T8k =

(c) Densitometric Measurement of the Aflatoxins.

A developed chromatogram containing fluores-

cent spots was copled on an Ilford HP3 photograpihic

plate ne follows :-

A Leica camera was fitted with a <A (yellow)
photographic gel filter, which tranamits only wave-
lengths longer thanm 410 my and eliminates stray

14ght and ultravioclet rays. The plate was placed at

a fixed distance from the U.V, source and the

exposure was timed. A copy of the developed photo-

graph ig shown in Fig. 7.

Densitometric measurement was recorded on the
Chromoscan (Joyce Loebls Co. Ltd.). A linear relation-
ship was found between recorder reading and the quanties
of aflatoxir. This method was however less sensitive

than the null {lucrescence technique.

(4) Spsctrophotometry

"itraviolet spectra were determined with the
Parkin-Elmer (137 UV) spectrophotometer. Chloroform was

e ? sy solvent.

iInfra-red spectra were recorded on the Perkin-
Elser (infra-cord) spectrophotometer. Sodium chloride-
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Fig, 7

Chlorofora extract of Culture of
Aspergilius {lavus containing
aflatoxinse B and g was
chromatographed on thin-layer plate,
The plate was Photographed under

Ultraviolet light, The Picture was

then scanned on a denaitome ter

{Ehrnmnnuun-Jujtu-Laﬁbla Co. Ltd)
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Section III: Techniques Used For Measurement
of Radioactivity.

(a) Liquid Scintillation Counting of Soft
B Radiations.

A scintillation counter type 6012, supplied by
the Isotope Development limited, Berkshire, England
was used. This equipment is capable of measuring low=
energy beta active liquid sasples of millimicrocurie
quantities, when suspended in a suitable scintillator
medium. It has two photomultiplier tubes connected

to a two channel ayctenm.

The following precautions were cbserved during

use:

(1) +the nlectronic equipment was switched on
st least 30 minutes before commencing

operationa;

1il) the performance of the instrument was

shecked, before and after each set of
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measurements, using a reference source

and a background sample as controls;

(1i1) the choice of the best working condition
was made after preliminary experiments in
which the reference source was counted at
varying voltage imput and differing
discriminating bias. An efficiency of
64.5 per cent was achieved at a voltage

imput of 940 volts, in a single channel

counting.

Use of End-Window Geiger Muller Counter.

The scaler (EKCO Type N530P) was turned on for

10 minutes before use.

A stacdard source of " g was placed in the
counting ehamber, which had a 2n goometry. The ecount
rals of the sample at varylng operating potential was
rocorded. The plateau of the curve obtained indicated

A region where the counting rate was relatively
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insensitive to voltage change. The voltage was set

at 1250 volts, corresponding to the midpoint of the

plateau.

The background count rate at this setting was

recorded, for each operation. The time necessary

to obtain 10,000 counte was recorded. An efficiency

of 3¢ per cent was achieved, under the operating

conditionsa.

Section 1V: Operations on Experimental Animals.

(a) Animal Husbandryv.

(1) Rats.

Rats were kept in a battery of metal cages of
standard size 10" x 10" x B" for ecach rat. Each cage waa
provided with a water bottle and a beaker containing
the cxpeorimental diet. A wire mesh placed under the
cag® wan used am a device for collecting faecces,
whilat urine flowed on to a perspex tray which
drained into a collecting beaker.
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Rats kept under the above conditions developed

norsally on adequate diets. There was apparently no

Badin in weight 4in rats fed on & per cent casein diet,
as shown in Fig. 8. A uub-‘lii‘nl dose (5 y g aflatoxin

Bq) in saline was injected intra-peritoroally inte
test rates twice weekly. The controls received saline

aloneé. At this dosage the growth of rats on adequate

diets was olightly impaired by sdainistration of the

toxin. Rats on low protein diets were similarly

ﬂfrﬂﬂtud-

(44) Rabbits.

A larger cage, but of similar design as for

rate wns provided for the rabbite.

Two rabbits) given 50mg per kg of L-hydroxy
coumarin suspended in water by stosmach tube, were
supplivd with water ad libitum. Urine was cocllected
during the following 48 hours from these animals.
The Fther oxtract of the urino contained h=hydroxy-

couaarin glucuronido whesh was m and purified

according to the procedure of Mead, Saith and
"lliams (1958).

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




= O

(b) Administration of Aflatoxis.

Aflatoxin B‘I was dissolved iz norsul

saline (0.9% HaCl) at a concentration of 10 LS per

ml. Each rat was weighed and a single dose of

50 u g aflatoxin By por kg was adsinistered

intra-peritoneally. An equal volu=e of normal saline

was given to the control rats. Rabbits were given

intravenous injection in a single dose of SO LE

of aflatoxin B4 per kg.

(¢) Cannulation of the Bile Duct of the Experimental

Animal Under Ansesthesia and Collection of Bile.

(1) Rats.

A rat weighing approximately 200 g was kept under
light cther ananesthesia. A nolit was made in the wall
of the bile duct 1 em from the Jjunction with the
duodsnum, and a thin polythene catheter 20 ca long
was inserted surgionlly according to the procedures
of Boyland, Ramsay and 5im (1961), and Pryor and

Slater (1967). A glass-saddle, designed by Van-2yl
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(b)

Mainistration of Aflatoxin.

Aflatoxin B, was dissolved in noreul

saline (0.9% NaCl) at a concentration of 10 ug per

ml. Each rat was weighed and = single dose of

50 y g aflatoxn B4 per Kg wan adzinirtered

intra-peritoneally. An equal volume of normal saline

was given to the control rats. Rabbits were given

intravenous injection in a single dose of 50 ug

of aflatoxin B4 per kg.

(¢) Cannulation of the Bile Duct of the Experimental

Animal Under Ansesthesia and Collection of Bile.

{1} Fﬂtl- .

A rat weighing approximately 200 g was kept under
light cther annesthesia. A slit was made in the wall
of the bile duct 1 cm from the junction with the
duodepun, and a thin polythene catheter 20 ca long
was inserted surglcally according to the procedures
of Boyland, Ramsay and 5ia (1961), and Pryor anmd

Slater (1967). A glass-saddle, dosigned by Van-Zyl
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(1958) was made from a pyrex tube (5 c= diameter)

and atrapped to the back of the rat, The open ond

of the biliary fistula was taken subdermally through
the base connective tissue and passed out through

the skin at the back of the neck into one of the

chambeérs of the glass-container. Bile samples were

withdrawn for analysis from this chamber periodically.
After the operation, the animal was maintained on an
experimental diet, and 0.85 per cent saline was given

ad 1ibitum instead of water. A preparation containing

10,000 41,u., penicillin was injected subcutaneously

daily during the experimental period, which lasted

two to threeo days.

(44) Pabhitao.

A rabbit, welghing 1.2 to 1.5 kg, wac anace-
theticed by intravenous injection of urethane
(1.25 ¢ /¢g) and pentobarbitono sodium (12.5 mg/kg).
To sollect bile a glaes cannula (with a narrow bore)
was inserted through the fundum of the gall bladder

ard was placed as close ns possible to the opening
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of the cystic duct. The common bile duct was tied

off. Bile samples were collected serially at regular

intervals of time in glass test tubes.

(d) sStimulation of Diuresis in Mammals

Under Ansesthesia.

(1) Rats.

A modification of the method of Child and Dodds
(1966) was used.

Male rat approximately 200g wao anaesthetised
by intra-peritoncal injection of urethane solutien

(20 gm/kg). A cannula was inserted surgically into

the trachea. The left external jugular vein was

prepared for cannulation. A short midline incigien

was made in the lower abdomen and two urethral
eatheters were inserted for urine collection. A
thin polythone cannula, connected to a reservoir
contalning 5 per cent (w/v) mannitol in saline (0.9
per cont, w/v, NaCl) waos tied into the external
Jugular voin with an atraumatic suture. Thus an

infusion of this solution was passed through the
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vein at 0.2 ml per minute throughout the experiment

to ensure moderate diuresis. Urine samples werec

collected at regular intervals.

(14) Rabbits,

Rabbits, woighing 1.5 kg to 2 kg, were
anaesthetized by intravenous injection of urethane
(1.25g/kg) and pentobarbitone sodiua (12.5zg/kg).
The procedure used was similar to that outlined for

the rats, but a higher rate of saline infusion, i.o.

0.75 ml per minute, was used.

Section V: Isolation of Metabolites of

Aflatoxins Bq-

(a) Analysis of Bile Samples.

Bile pamples obtmined from experimental animals,
after prior injection of labelled aflatoxin B4, were

analysed as follows :-
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A known volume of the bile sample was
transferred into a large excess of chloroform (at

least five timeg the volume of the bile). The

preparation was kept in this condition at 4°C until

required for use.

The chloroform layer was carefully removed with
& paptour pipette and the aqueous layer was extracted

twice with fresh chloroform sclution. The chloroform

Oxtracts were pulled together and concentrated to a
small volume (0.5 ml) on the vacuum rotary evaporator.
This oxtract was transferred quantitatively unto a

spot on an 'activated' chromatoplate of Merck's

oilica gel G. A hot air drier was coployed during

this procesas such that the diametor of cach spot was

not mora than 1 ¢o. The prepared plate was chromato-

graphed, using 2 per cent methaneol in chloreform as
polvont se described by de Iongh, Vliea and Pelt (1964)

and medifiod by Butler and Clifford (1965).

The aqueous layer was dried in a desidtator, in
vacuo, over caleium chloride. The residue was agitated

with 0.5 m]l methanol at room temperature. The methanolie
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A known volume of the bile sanple was

transferred into a large excess of chloroform (at

least five times the volume of the bile). The

preparation was kept in this condition at 4°C until

required for use.

The chloroform layer was carefully removed with
a paptour pipette and the aqueous layer was extracted

twice with fresh chlorofors solution. The chlorofors

oxtracts were pulled together anmd concentrated to a
small volumoe (0.5 ml) on the vacuum rotary evaporator,
Thie oxtract was transferred quantitatively unto a

apot on an 'activated' chromatoplate of Merck's

eilica gel 0. A hot air drier was omployed during

thip procoass such that the diameter of cach spot was

not more than 71 c¢m. Tho prepared plate was chromato-

Eroaphed, using 2 per cent methanol in chloroform as
solvent as described by deo Iongh, Vlies and Pelt (1964)

and medifiod by Butlor and Clifford L1965) .

The aqueous layer was dried in a desidator, in
Yacuo, over calcium chloride. The residue was agitated

with 0.5 m]l meothanol at rooa temperature. The methanolie
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Fig. 9: Thin-layer chromatogranm of rat

bile namplea collected at
10 minutes intervals, on

sllica-gel Q.
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solution was chromatographed on Merck's silica.gel G

thin layer plate using butanol, acetic acid, water

(10 : 1: 1 v/v) a=s solvent.

This system wag essentially
the same as that used by Frosch and Wagener (1967) for

the quantitative deternination of bile acids in serus.

For the identification of aflatoxin B4 and its

metabolites, the doveloped plates were viewed under

ultraviolet light. The flucrescent spots on chromato~

gramg which were coincident with radioactive poaks were
romoved from the plate with a 'zono extractor' (Osiyemi,

1964) prepared from u glass sinterod tube, and eluted

with mothanol. The eluates were then chromatographed

nlongaide standard solutions of aflatoxin By, My, and
4-hydroxy-coumarin glucuronide. The separation of
metacolites of aflatoxin B4 on the thin layer

chromatogrom is illustrated in Fig. 9.

The conjugated motabolites romained at the erigin
in Lthe nystems described above. In order to raosolve
this fraction from other minor fluoroscent compononta,

extracts from those fractions were analysed by

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 95 .

descending Chromatographie technique on Whatman g,

paper (20cz x 20cm). The chromatogram was run ura;night

(13 houras) using hﬂtannl; acetic acid; water (10

1 v/v) as solvent.

L s
After drying briefly 4in air, the

chromatogram was sprayed with naphthorescorecinol

reagent for glucuronides as described by ’ﬂiuimrm-f“m‘
e

(1944) and modified by Elliot, Robertson and Willians
(1966).

Colour developed on heating the chrosatogran

in an ovon at 11U“C for 10 minutes.

(b) Analysis of Urino Samploes.,

Urine samples (4 ml to 5 ml) were colleeted into
gElnss toat tubea. Tho volume of cach sample was
reduced to 0.5 ml on the vacuum rotary evaporatar.

The concentrnte was placed in a desiPator, and the
lanst trace of water, reomoved. The rosidue was taken
up in methanol (0.2 ml) and analysed by thin-layer

chrosatographic techniquen.

(c) Mothylation of De-Methyl Aflatoxin B,.

A blue fluorescent spot (Rf. 0.60) was isolated
close to that of mflatoxin By (Rf. 0.65) on thin-layer

AFRICAN DIGITAL HEALTH OSITORY PROJECT



=\09¢

chromatogram of bile run in accordance with the zmethod

of Frosch and Wagener (1967). This metabolite was

then separated from aflatoxin H1 on a chromatogram,

using thih:yntam described by Allcroft, Rogers and
&¥est '

Lewis y(1966); scraped off with silica gel G froa the

plate and eluted with methanol. The mathanol extract

was evaporated to dryness under reduced preéssure, and

diethyl ether was added to the residue.

A nitrosoderivative of p-toluene-N-methyl
d
Bulphonamide was Jxﬂi;§+rd with ethanolic potassium

hydroxide on a water bath. Diazomethane, genorated

from this reaction, was passed into the ethereal
oolution. After two hours, the solvent was evaporated

f and the residusl solid was then dissolved in dry

.‘thﬂr .

A portion of the methylated product obtained
above wan chromatographed on thin layers of kiesel gel G,
uging 2 per cent methanol in ehloroform as solvent,
Standurd solutions of aflatoxin By and aflatoxin M,

wore run on the same plate,
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The Rf. value of the methylated product

corresponded with that of aflatoxin Bqy giving a

blue-violet fluorescence,

The ultraviolet and the infrared upectra

of aflatoxin B, and that of the metabolites nere

recorded on the infracord (Perkin-Elmer, Limited,
“rSihijl

(d) Hydrolysis of Aflatoxin My Glucuronide

(1)  Enzyme Hydrolysis.

After the initial extraction of bile or urine
samples with chleroform, the aqueocus layer was taken to
dryness under reduced precoure. The dry residue was
dissolved in » known volume of water and the sample was
adjusted to pA 4.5 with 2N acetic acid. The enzymic-

hﬂdrnlyti: procedure wan similar to that used by Taylor
and Seratcherd (1961) except that P-glucuronidase
(2,000, Fisbman Units per mg) nupplied by Koch-Light
Lahoratory Ltd. was employed instend of an extract from
limpet viscera. 0.5 ml of acetate buffer pH 4.5
containing the enzyme wao added to the mixture followed

by the mddition of 0.1 ml of 0.2M KH2PO4. The mixture
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was then incubated at 37°C for 8 hours. At the end

of the period 5 ml of ¢hloroform was added. The

extraction was repeated twice. The chloroform extract

was reduced to 0,5 ml on the vacuum rotary evaporator
and chromatographed on thin-layer of Merck's silica-
B°l G wusing 2 per cent methanol as solvent,

(11) Hot-Acid Hydrolysed Metabolitos.

Bile or urine samples were acifidied and made
ey by adding a fow drops of ION H2504. The tube
was then heatod in » boiling water bath for 30
minutes, cooled and extracted with ether. Ether
WAS romoved by playing a stream of hot air over the
surface of the liquid. The residue was taken up in
chlorofors and chromatographed on thin-layersof

Morck's milica-gel G, using 2 por cont methanol

b8 molvent.,
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CEAPTER FOUR

h

EXPERIMENTS AND RESULAS.

Efpuriment I: Distribution of Aflatexin Bqy

nnd_Itu Metabolites in Rat Tisaves After
a Singlc Dose.

The aim of tho experiments described in this

thesis was to provide additional information on the

metaboliem of aflatoxin. This toxin had been reported

to show toxicity to animals at very low concentrations.
Hence sublethal dosages in the range of 10 to 50 ug per
Kg. wt. of the sxperimental animals were used. Tho
AVallability of labelled aflatoxins facilitated

detection of a fraction of a microgram of the

metabnlitan,

In one of the proeliminary experiments, the
distribution of labelled aflatoxin in rat tissuca after

8 #ingle dose was investigated.
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A male rat (200g) was given an intraperitonsal

injection of [F1€Lnflatntin B,

saline (0.9 per cent NaCl)

(10 ug) in normal
in a single dose. The

rat was cacrifised six hours later. The heart
L]

intestine plus intestinal contents, Kidoneys; liver,

Buscle and stoamach were removed and rinsed in saline.

The tissues were minged separately in a waring-

blendor and analysed according to the scthod of

Butler and Clifford (1965). 1In this procedure,

the tissuce was extracted exhaustively in hot methanol.

The oxtract was thon partitioned between chloroform

and aqueous methanol loyers.
in

The radioactivity presaent

tochnique,

Result,

The result in table 6 shows that the bulk of the
adminintared dos¢ was found in the intestine plus
f&ecal contents. Tho radioactive counts present in
Al ver, kidney, heart and muscle were also recorded.
™e hign radioactivity in the intestinal content was
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Table 6

Distribution of Aflntoxin apd Its

Metabolites in Rat.

Counts/Sec.

s18sus Chloroform| Methfnol Total
Extract Extract % of dose
Hoart U 13 0.2
Intestinal 31 1691 31.5
contents

Kidnoy 208 he 3.7
Liver 11¢ 240 5.

Muscle 0 47 0.7

Total dose is oquivalent to

6500 counta/sec.
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of the toxin, and very little was présent in the heart

and suscle. The significance of this pattern of

distribution was appreciated by Wogan (1966) when
he puggeated that the aflatoxin was probably secreted

via the bile into the intestine. This inference was

verificd in our next expoeriment on the excretion of

aflatoxin in the rats. It wone also observed that a

Ereater proportion of the radicactivity from rat
tisoues was present in the methanol layer except in
the kidney which rotained more of the chloroform
extractable material. Earlier investigators

(de Tongh, Vles and Pelt 1964; Butlor and Clifford
1965t Allcroft, Rogers and Lewis 136€) reported only
on the chloroform extract. Further investigations
on the more polar aqueous methanolic extract was

thoreforas contemplated.

Exporimont I1: Exeretion of Aflatoxin B
and Its Metabolites in the Rat.

The ai=m of this exporiment wae to otudy the mode
of exeretion of aflatoxin in the rat. [l."-“ ]-nﬂ.l.tuﬂu
By (10u g) was hﬁ&iﬂtlﬂ iotraperitoneally into a
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43 Hlt!nf ‘excretlon of aflatoxin in the

'hilt of o rq;t: after a eingle dose of
i[_fﬂlﬂltﬂiﬂ By (Bassir and
" IM- ..__. !j:l 195?):
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biliary cannulated rat (200g)., The excretion of

aflatoxin in the bile of the rat was lavestigated

by the method of Hanahan, Daskalakis, BEdward and
Dauben (Jr.) (1953). This mothod had also been
¢mployed by Fischer, Millburn, Saith and Williama
(1966) 4in their investigations on the nature of the

biliary metabolites of [11‘ ]-—ntilxheuterﬂl in the

rat,

(a) Bile

The rate of biliary excretion of aflatoxin
is rocorded in Fig.10. Following intraducdonal
infusion of [““c ]-nflntnxin B4 into the experimental
animal, the portal blood samples were found to contain
aflatorin B, and its metabolites. These saxzples

were analysed by thin-layer and paper chromatographic

techniques, as described in chapter three, section via).

The rate of excretion of aflatoxin B4 after a

singlo dose in the rat has been roported by Bassir

and Cgiyemi (1967). This experiment confirmed an

enrlier observation by Falk, Thompson and Kotin (1965)

that aflatoxin wao rapidly excroted in the bile.
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The prescnce of [ﬂ'“‘]-nfhtn:in 84 and its cotabolites

in the portal blood obteined from rat given intraduodenal

infusion of [C‘”"]-uflntn:in By in saline, indicated

that aflatoxin B4 or its metabolite was reabsorbed

into the entero-hepatic circulatien,

Analyeis of the bile and faecal samples revealed
that aflatoxin Mq and its conjugates were the major
métabolites in the bile. The faeces in the biliary
cannulated rat was devoid of radioactivity. This
obsorvation is consistunt with the view that metabolic
products of aflutoxin might be excreted via the bile

into the intestine, (Wogan, 1966).

(b) Urine

In order to svaluate the urinary excretion of

aflatoxin in the rat, yréthral catethers wera

implanted into a rat. Diurcels wac stimulated by an

t mannitol in anline into the

10.“ K gf[f}“#}lflﬁtnlin 31
1ly into the rat.

infuoion of 5 per con

external jugular vein.
in saline was injected intraperitonen

Urine sasples ware annlysed by thim-layer and paper
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Cumulative excrotion pf[§1€}nf1-tntin

in the urine of the rat. The percentage

of dpaﬂ éxcrated after a given interval

of time (1) in.linuti- was plotted

againgt log T.
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The result in Fig. 11 ghows the cumulstive
excretion of aflatoxin in the urire of the rat.
This pattern of excretion represents ''the combined
effect of the passage of a substanc: into (and out
of ) the intestitial fluid and the glomerular
filtration" (Hough, Barpard and Bassir, 1955)
after a single dose. The graphical representation
shown in Flg. 11, suggesting that the excretion of

aflatoxin was ecxponential, conforms to the equation

of Stern (1955).

Exporiment III Excretion of Aflatoxin B,

and Its Metabolites in the Rabbit.

An ndult male rabbit (1.5 kg) was given a
singlo 50.u§ done of E1q}nf1utnxin By, din paline by
intravernous injection. Another male rabbit (1.5 kg}

was given the oame dose of [G“*]-aflntn:in B4
intraperitononlly. The effuct of the route of

adainistration on the oxeretion of labelled aflatoxin

wan thus {nveotigated.
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Each rabbit was anaesthetized as described in
chapter 3 and then given an intravenous infusion of
9 per cent mannitol in saline through the external
Jugular voin at tho rato of 0.75 ml per minute.

3 to 4 ml of urine was collected in 5 minutes

through implanted urethral catheters.

Bile was collected perlodically from each
animsl via glass cannula inserted through the gall
bladder into the cystic duct by the method of Child
and Dodds (196®) which followed coocntinlly the
procedure of Hanehaun, Daskalakis, Edwards and

Daubon,Jr (1953).

Rooult
e E——

Tt can be seen from tables 7 and 8 that after

“1 toxin B
intravenoua injection, ﬂflﬂ‘““i“[F , nfla 1

and for its metabolitos appeared in the urine and

bile at an earlier period of time than when the toxin

that
was injected intrnpuritnn#nllr. It also appoears

the main path of releasd of radicactivity from tho
e

1abolled aflatoxin B4 in the bedy was the bile.
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TABLE 7: EXCRETION OF AFLATOXIN B4 IN THE URINE OF RABBIT.
F
Intraperitoneal Injection intravenous Injection
Time 1
in Counts | Cumulative | Percen- Counts | Cunulative T Percen-
Minutes per counts per tage per counts per tage
Eecs sec. dose sec. sec. doae
0 0 0 0 0 0 0
Y 0 B 0 98 98 1.4
<0 25 25 0.4 33 131 1.9
2 52 7 1.1 27 158 2.3
0 78 153 2.4 18 126 2.6
z 53 206 3.4 14 150 2.8
70 & &3 3.8 10 200 3.0
b o2 g g 208 3,2
80 1 270 4,2 6
% ' 13 3.3
| -t 4.3 217 3.3
- L _L
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TABLE 8: EXCRETION CF AFLATOXIN B, IN THE BILE OF RABEIT
Intraperitoneal Injection Tntravenous Injection
Tt:ﬂ Counts | Cumulative Per:_en- f,'t::tﬂ Ezﬁzizt;f_ Pu:'ﬁ;:*
— ﬁzz. ﬂﬂu:;l:.!“-‘f :12::; :Jnc. sec. I dooe

0 0 0 0 0 Q 0
10 0 0 0 0 0 0
= P 0 c 97 97 1.4
2 10 10 0.16 133 230 |. 3,4
40 55 65 1.0 189 519 6.2
£0 178 2h3 3.7 229 648 9.6
&0 433 67¢€ 10.4 122 770 1.4
70 276 952 1%.6 &7 836 12.3
80 104 1056 16,2 35 872 12.9
90 87 1143 17.6 23 395 T
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13.1 per cent of the dose adeinistered and 17.6 per
cent of the amount given intraporitonerlly were

recovered in the bile within SO minmutecs. In none

of these experiments was more than 5 per cent of

the radioactivity found in the urine. On the basis

of these rosults, it is apparcnt that the biliary
eéxcretion represcnts an important metabolic pathway

of tho motabolism of aflatoxin Ba.

It is known that a large proportion of a
drug administerod intraperitoneanlly is absorbed
directly into portal blood which then flows through
the liver hefore it roaches the systemiec circulation
(Garattinl and Shore, 1966). Accordingly, if
aflatoxin is metabolioed in the liver as suggested
by the oxperiments of Butler and Clifford (1966) and
is rapidly excroted in the bile as demonotrated hj.
Basair and Osiyomi (1967), little of the administered
dose will be found in the aystonic circulation. 1I=n
contrast, the toxin injected intravenously enters the
systomic circulation directly and is distributed inte

both the intra- and extra-cellular fluidas.
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Experiment IV: Effects of Aflatoxin Bq on the Liver
of Rats on Low or High-Proteir Diets

The liver is the largest organ in the animal body,
It contains a system of oenzymes which are concerned with
the metabolism of foreign compounds. Williams (1967)
has described those enzymes involved in the metabolism
of natural substrates as 'Pura-motabolic', whilst
'Yeno-metabolic' enzymes refer to the group of microsomal
énzymoes involved in the metabolism of foreign compounds.
The influonce of diet an the activities of these enzymos
has been indicated by many investigators I'~’|'l.1.111.11.l:|l, 1938

Melean and Witschi, 1966; Mclean and Mclean, 1966).

There is a widely held belief that animals fed on
o diet deficient in protein are especislly susceptible
to polcons that affect the liver (Newbern, Wogan and Hall
1966; Williams 1963). In this exporiment the metabolimm
af acetante was investigated using liver tissues obtained
fvom (a) rats poisonod by aflatoxin, (b) normally-fed
Lealthy rats. 7 litters of weanling albtino rats (males

and femnles) were used. Each litter conecisted of 6 rate,
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making a total of 42 rats. These were divided into
8ix groups as follows :- One rat from each litter,
woighing about 50g, was transferred into a battery of

cagee such that each group contained 7 rats of about the

same weight.

Two groups, composed of 14 rats were fed on a
low-protein diet (4 per cent casein diet) and another
pair on high-protein diet (25 per cemt casein diet).
The last two groups were fed on 15 per cent casein

diet ne m control.

A single dose of 5 ¢ g aflatoxin B4 4in 1 ml of
saline (0.9 por cent NaCl) was administered intraperitoneally
to half of the rats on each experimental dist. The other
half was glven equal volume of saline alone. This

operation was repeatod twice weekly for three weeka.

it the end of this period the rata were sacrifised.
The liver was romoved immediantely amfterwards and liver
alices were prepared by o 'hond cutting' method described
by Usbrait, Burris and Staufner (1964). These slices :
(weighing 57 to 70 mg weteweight) were distributed into
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Warburg flasks, containing Krebs-Ringer bicarbonote
solutione (2 =1) and a solution of 10uC h—f“]‘
“ acetate (0.5m1) in the side arm. The solutions were

mixed and then incubated in n water bath at 3‘?“6 for I

‘ 90 minutes.

The G1hﬂ3 evolved in the process was absorbed
into alkali (0.2ml of 5 per cent KOH) placed in the
centre well. The amount of radicactivity incorporated
into the acetone extractable, liver fat wos assessod by
a procedure similar to that used by Barnes and Boothroyd
(1961). The contents of the centre well were tranaferred
quantitatively into excena BaCly in a centrifuge tube.
The Bacu} precipitated was counted at 'infinite thickness'

in an epd-window Geiger~-Muller counter.

Reoult

The result in table 9a shows the relationship between
the effects of Aflatoxin By and diet on the incorporation
nf[1-u1‘|']:nutntn {nto rat-liver fat. Using the students 't!
tent, nt o probability of 0,05, the value of 't' for I.‘l.‘l‘

sanples is 2.45. The result indicated that the effect of
aflatoxin on rat on low-protein diet was eignificant
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THE RELATIONSHIP BETWEEN THE EFFECTS OF AFLA

TABLE Ya

TOXIN AND DIET

O TIE INCORFORATION OF [1- c“hfﬂmv INTO RAD LIVER-FAT

—-1
Ceaparisop of Treatments Ho. of (Mean) Variagee | 't' | Probability
Given to Exporisental Rats Sample | Count/Sec./
Bg Fat
+ Aflatoxin - 112 ecyf < 0405
Tow-Proteln — = 1Y
- AMlatoxin b 105 B Significant |
¢ AMlatoxin 6 104 5l * >D.ﬂ5
™Mga-Frotein | —q 2,2
- Aflatoxin - Not Sigmificant
¢ Aflatoxin : 10( | 67 N 0.0
Control 0.0
- Aflatoxdn b 10 20,7 Not Significant
Low=Proteds - AMflstoxin 9.3 £ 0,05
Vs — 2.5
High=-Proteln = Aflatoxin b 10 11,2 Significant
Lon-Protein = Mlatoxin b 105 9.3 ¢ 0,05
Vs 2.b
:ﬂl’tﬂl - AMlatoxin 100 20,7 EiETlirlﬂllﬂt
3i(h-Protein - Aflatexin b 100 11.2 } 0.05
Ta -
L-' - '-, ;= . fic I
J lﬂl Qﬂ E .1-.. "."L
M‘ . '*fht-ﬁm 6 R .
:-_Wﬁutih ; ':.Atﬂﬂ: 6 22.1
L T' - e #IB
Cantrol + AMlatoxin £ 100 6.7 ﬂmghi?ut |
Iiﬂ;:mtlin + Mlatoxin b 19(, €,2 ) 0.05
._ a3 | Mot
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THE RELATIONSHIP EETWEEN THE EFFECTS OF AFLATOXIN AND DIET

TAILE S

o TEE FRODUCTION OF COp BY RAT LIVER SLICES.

s —

Comperison of Treatzests Fo. of | (Meax) Variasce | 't* | Probability
Given to Experimental Rats Saple | Count/Sec./
Bg Liver wWt,
 Aflators 6 15 547 Rl
Low~lzoteln ¢ - ighly
- ifatoris b 12 26,7 Significant
Ir ¢ Aflatoxiz ? 4 23,7 PR
digh-Proteir 0.7 Not
- kKllatexin 7 45 2.0 Slpnificant
+ Mlatoxin 7 3 11.9 )ﬂ.Dﬁ
Control - 1.8 Not
- = Aflatoxin 7 49 14.0 adgnificant
L:-:-;:mu &= Aflstoxin 6 . 26,7 " ¢ 0,01
_Ii;h-.l’rutlin = Aflatoxin 7 Ly 22 lenifionnt
[ew=Protein = Aflatoxin € 32 26,7 ( 0,09 |
Vo - :
: b
Control = At | 4
=l | latexdin l b} 14,0 ﬂimifiqlnt
Bigh-Protein = Aflatoxin 7 .
5 : 22,0 ) 0.08
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(t = 2.7), at 95 per cent confidence lovel. Tha 't
values for rats on high-protein and control diets are

lower than this limit and are therefore not eignificant.

The influence of diet alone on the oxperimental
rats was evaluated by comparing the 't! values obtained ]
for the threoe difforent treatments either with aflatoxin
or without. The results are recorded in table Sa. The
effect of a low-protein diet wae significant when
compared with the controls or rats on a high-protein
diet. There was howover no significance in the
differences between the controls and the rats on the
high-protein diet.

| The production of E1hﬂa by liver slices depends

on the rate of oxidation uf[’l-—ﬂm]auntnta. The result
presented in table 9b shows that this rate mas depressed
in rats on the low-protein diet by the administration of

aflatoxin Bq but not significantly affected in rate on

the adsquate diets.
“he effect of diet, per se , on the rate of

Froduction of ﬂ1hug wao nignificantly different in

the rate on low-protein diet when compared with thoss

on eontrol or high-protein diet. On the admi phinnnn..

!fklrlgtggil Ji.i.rj influence was more lltlll*ﬁhl

Mor the distary protein ot
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Experiment V: Investigations on the Metabolism of
aflatoxin Bq h;r Iiver Tiosues fl_:ﬂll Rats on Low-

or !ﬁﬁ!]—ﬁﬂtain Diets.

In this experiment, the same numboer of experimental
rats were fed on diets an described in experiment IV, but
Were not treated with aflatoxinas. Within 15 minutes after
sacrifice, liver tissues from cach rat was homogenised in
Irubu-phunphnte buffer and thon distributed among three
Warburg flaska, containing 2 ml of medium. 100mg (wet
weight ) of tissue were placed in each flask. 10 ug [F1€}
aflatoxin 31 dissolved in the buffer (0.5=2l1) was put in
the side arm. After nixing the contents of the flask, the
Preparation was placed in a water bath at 37°C and incubated
for 2,5 hours with constant agitation as doscribed by Craig

| {19k3}.

l At the end of this period chloroform (5ml) was added

to Lhe mixture and then filtered through cotton. The residue

a0 washsd with chloroform. The combined chloroform extract -
of the filtrate and liver tissues, was concentrated to 0.5el

9% & rotary evaporator and chromatographed on thin-layera -

i
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We. of liver E1h-lnhullcd Amount remaining ,‘!’;[ﬂ“‘ Aflatoxin
it tissue used Aflatoxin Bq in medium after resaining in
b (mg) added to incubaticn ( 4 g) | medium after metaboll-
medium (yg ) incubation sed
— e T e _F_

Matr on Low-Protein 100 10 7.6'% 0.5 76 24

Diet
£=ta an High-lc-otelin 100 10 0.8 X 0.3 B G2

Diat
Coptrol Rats. 100 10 10503 11 89

each figure represents the average of nine determinations.
b8
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of silica gel G. The amount uf{?1i}|flntnxin B4 f
remaining in the extract was estimated and recorded

in table 10.

Result,

The result showed that about 90 per cent of the
[F1%}nflntu:in was metabolised by tissues from rats on
control and high-protein diets. Leas than one-third
of this amount wac metabolised by liver tissucs from
rats on low-protein diet. This represented a fall of
65 to 68 per cent in the ability of liver tissues from
these rats to meéetabolise aflatoxin B4 when compared

with the controls and rats on high-protein diots

Féppectively.

McLean and Mclecan (1966) reported a fall of 80
per cont in theo activities of liver encymes that

demethylute pyramidon and hydroxylate benzopyrene in

rats fed on a 3 per cent camein diet. A 50 per cent

decrocse was found in rats fed on 6 per cent casein dist,
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The significance of our observation is that the
toxicity of aflatoxin may be pronounced in the animal
on inadequate diets. Slater {19‘.1. however, has
warned that results from in vitro experiments may not
reflect the situation in the whole animal. For this
reanson, subsequent experiments were performed on

blliary cannulated rats.

Experiment VI: The Effect of Dietary Protein on
the Excretion of Aflatoxio B9 and its

Motabolites in the Bile of Rat,

There are refercnces in the literature showing

that molocular woight, polarity and metabolism of foreign
compounds are factors which determine the excretion of

fﬂl‘ﬂign compounds in the ramnala. Millburn, Saith and

Williams 0967a), (1967b); Abou-El-Makarem, Millburn,

S8aith and Williams (1967a); (1967b).

The significance of the proportions of aflatoxin

or 1ts metabolites excreted through the bile in relation
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to other routes of éxcretion has, however, net been
evaluated. In the next experiment, the excretion of
aflatoxin B4 and/or its metabolites in the bile and
" urine of rats fod on high or low-protein diets was

investigated.

The bile duct of a rat on an experimental diet was
€annulated, and bile was collected in a glass naddle as
described by van Zyl (1958). A biliary cannulated rat
under light cther anaesthesin is shown in Fig., 12. The
rat was given an injection of 10 ug nf[F1€}uflntn:1n D4
in 1 ml saline intraperitoneally. The collected bile

samples were withdrawn from the glass container at

roegular intervals. Urine and faccal materials wore

collected at the same time. The amount of radioactivity

Present in the samples werc deterained as described in
chapter 3, Urine and faccos wore analysed by the method

of de Yongh (1964) and bile, chrosatographed as described

by Frosch and Wagener (1967). The ultraviolet and infrared

Bpcotra of motabolites of aflatoxin Bq were recorded as

deseribed in chapter 3.
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TABLE 11: EXCRETION OF

AFLATCXIN B4 AND ITS METABOLITES IN RATS

Ti=e after
pdidnistre-
tion of

aflatozin

25% Casein Diet
(High-Protein)

4% Casein Diet

(Low Protein)

15%

Casein Diet

(Controls)

Counts per sece

tounts por sace

Counta per sec

Bile |Urine | Faccos Bile Urine Facces Bile Urine l Faeces '
0= b Hours 2330 | 236 - 40O 258 - 2431 215 -
€-12 Jours 170 | 18 - 300 | 133 - 120 11 -

12 =18 doure 57 12 - 21 21 - L8 5 -
18 - 24 Houre 11 5 58 33 5 78 15 3 63
# ] - +
Total Counts 2538 | 271 ce 1854 1417 78 2614 234 62
Percoentage
BT T 57«51 4.1 0.8 28.5 6,2 1k Lo, 2 25 0.9
NOTE:

Each figure in the table represonts the mean of three determinations.
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TABLE 12:

METABOLITES OF AFLATOXIN B4 PRESENT IN RAT BILE AND URINE SAMPLES

Aflatoxin B4

High-Protein Diet

Low=Protein Diet

Contreol

— =g

Percentage of

L Fercentage of Percentage of -]
3
Dose Excreted Dose Excreted Dose Excreted '
¥etabplitee
Bile Urine Bile Urine Bile _) Urine |}
Aflatuxin B4 - 0.3 S.6 3.1 - 0.2
Lflataxin M4 7.5 1.8 1".4 1.6 11.5 3.0
Do-methyl Aflntoxin M4 5.6 - T4 - 7.1
Glucuronide ° 4.1 2.0 10.1 1.5 21,6 2.1 i
= ——
Each figure representz the average for five doterminations.
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Result

Fig. 10 shows the rate of excretion of

aflatoxin in biliary cannulated rats.

The results in table 11 show that aflatoxin

By &and its metabolites are excroted rapidly through

the bile and that urine and facces are minor routes

for the disposal of the toxin. In the intact animal,

the bile duct joins the pancreatic duct and empties

into the duodenum. This may account for some of the

toxin or its metabolites found in the gastroin-
testinal content by Shank and Wogan (1965). It waas,

hu-avur, demongtrated in experiment II that some of

the aflatoxir By excroted vin the bile waas reabsorbed

into the entero-hepatic system. Results of the

Analynis of the bile and urine for motabolic products

are recorded in table 12. The

of aflstoxin Bq
Ultraviclet nnd infrared spectra of aflatoxin B4

130, 13, 14

and ity metabolites are recorded in Figs.

and 15,
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There were significant differences in the

pattern of excretion of aflatoxin and its metabolites
in the rat fed on low- and high-protein diets.
Aflatoxin B4 was absent from the bile of rat on
high-protein diet, the major metabolite being

& glucuronide conjugate of the toxin. Aflatoxin &,
was excreted in the bile and urine of rats on low-
Protein diet Aloo, aflatoxin M4y a toxlc
metabolite of aflatoxin Bq, was excreted in the bile
of nll the experimontanl animals. Recirculation of
these potent toxins in the entero-hepatic aystem would
expose the liver of a rat on an inadequate diet to
greater damage. This could be of importance in

the pathology of aflatoxin poisoning in the mammal,

The relationskip of molecular weight of
aflatoxin B4 and its motabolites to the pattern of
exereticn of these compounds in the bile is discussed

later.
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DISCUSSION.

There are several reasons for studying the
metabolism of aflatoxin in mammals. Firetly, the
toxin has been found in human food as well as in
animal feeds. Secondly, it is a potent carcinogen
to young birds and mammals and concern has been
aroused about the health hazard involved in the
consumption of toxic diets. A third reason arises
from the possibility that the transference of the
hepatotoxic agent or its metabolites froa the
parent to the offspring, during intrauterine
development or through the mother's milk may result

in teratogenic effects on tlie embryo or grose

Belformation in the infant.

The possibility that the effect of marginally

toxic feeds containing aflatoxin may be increased

by retions not well balanced in Onergy and aminoacid

Ban not been investigated. Recent reviewa on the

{imary hepatoms {ndicate

Asticlogy of infantile pr
oxins in foodn

that diet as well ae the presence of t
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may contribute to the high incidence of liver

cancer in the underdeveloped parts of the world

{%. 1983). This view is strengthened by

the observation that kwashiorkor, a diseacs of
children due to protein deficiency, im widenpread
in the tropics and in certain areas of the world

where chronic malnutrition abounds.

: Robinson (1967) evaluated the {ncidence of

infantile cirrhosis of the liver in India and

attespted to correlate the consumption of peanut

by mothers with the presence of liver cirrhosis in

their infants. He found peanut-toffoe in the

possession of some of the mothers included in hils

survey, after they had denied cating it | He

therefore postulated that ""since aflatoxin 1s
excreted in the milk of cows and cirrhosis 18 due

4
to this toxin, therefore if the {nfants are no

t
8xposad to this toxin from any other source, i

milk of those mothers

hac to be present in the
1inicnl signa of 1iver cir

rhosis™.
shosy infanta show ¢
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It is however possible that aflatoxin may be
found on proprietary foed stuffe (Bassir, 1564).
Recently, an infant food, (ARLAC) made fros ground-
nut and milk powder was introduced into the market
in Northern Nigeria. Adequate control must be
exorcised to pravent the growth of fungl and the

produstion of toxins in these foods.

The work presented in thios thesis is an
attenpt to explain some of the pathological effects

of aflatoxin on the mammal. The toxin is known to

be hepatotoxic, and may cause metabolic injury by
altoring the close relationships between the multi-
#nzyme syetems in liver slices, homogenates and
28icrosozes to which many authors have referred
‘litlrlu- 1959, Williams 1963; Mclean and McLean

1966 y Mlliams 1967).

Mlucuronide formation has been found to be a

Rafor route for the excretion of aflatoxin in the

84Ut rat and rabbit. The amount of glucuronide

Lorned 1p the rato fed on low protein diets wan
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lower than that found in animals fed on adequnte
diets. Williams (1963) has explained that any
defect in the production of uridine diphocsphate
glucuronic acid (UDFGA) or in the activity of

glucuronyl transferase could result in defective

glucuronide synthosis.

The glucurconic acid utilized in glucuronide

synthesis is derived from carbechydrates by a series

of enzymically-controlled reactions. The level of

glycogen in the liver of rats on low-protein diet

is very low, and there is an accumulation of

ketone bodies and liver fat. In these conditlons,

there is apparently n lowered capacity to conjugate

drugs which are normally excreted as glucuronides.

In patients with congenital non-haemolytic

Jaundice, there iz a fall in conjugation of

bilirubin with glucuronic acid. It is believed

that ths defect i the result of reduced function

glucuronide synthesis

young anisals and in the

¢f giucuronyl transferase.

i= also at s low level in
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embryo, and here it appears that glucuronyl transferase
and UDFGA are at a low level (Williams 1963). The

decreasc in toxicity of aflatoxin with age may,
thorefore, be a consequence of the development of this

detoxication mechanism with age.

Waterlow (1959), has ¢xplained that there is

a derangement of enzyme systeme in animals on

inadequate diet and that this lowors the resistance

of these animals to toxic substances. He pointed

out that a protein-deficient diet causes metabolic

injury by anltering the cloae relationships between

the multi-enzyme systema. This derangezent lowers

the resistance of the cell to external stimuldl,
The induction of hepatoma and cancer in this

eircusgtance is, therefore, o combination of blo-

chemical and nutritional effects.

The composition of diet, and hence the state

of the liver, may influence the metabolisa of foreign

compounds (Williams, 1938).

emerged from observations th
snissls) glucuronic seid for detoxication processeas
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could be derived from proteins, or synthesized from
carbohydrates or aminoacids. Evidence 1s accumula-
ting from recent studics that the activity of drug-
motabolizing enzymes is depressed in animals on

inadequate diets.

Seawright and Mclean (1966) showed that young
Bale rats fed on protein-free diot for one week are
Fosistant to the lethal and hopatotoxic effects of
carbon tetrachloride. These animals can be made
Bénsitive again by injoction of phenobarbitone in

doges that induce synthesis of microsomal hydroxy-

lating enzymea. This is in support of the hypothesis

that carbon-tetrachloride is converted in the liver

by the action of drug metabolizing enzymes into a

Solecule that is hepatotoxic to rats.

Madhavan snd Gopalan (1965) demonstrated
that rats fed on 4 per cent casein diet plus SOug
Of aflitoxin daily for two to three weoks develop
the triad legions of fatty liver, necrosis and

.iliﬂrr fibrosis, whilst the normal rat showed
Ro defects, These authors therefore concluded
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that aflatoxin does not oxert its effoct by
inhibition of fibroblastic growth or fibrinogenesis,

but by direct nction on the liver cell.

becth
Dickens and Jones (1963), Diﬁkﬂnnfgﬂﬂﬁﬂ

had shown that a number of lactones and somo other
compounds containing a related chemical structure
fact as alkylating agents in reactions with cystein
at ordinary temperatures and in noutral sclutions.
The striking exception in this series was aflatoxin,

which reoacts only slowly with the sulph-hydryl group

of cystein. In other lactones, such as coumarin and

hydroxycoumarin derivatives, opening of the lactone

ring by hydrolysis resulted in loss of toxicity.

In our studies on the motabolisa of aflatoxin

in the marmal, the chemical astructure of the compound
and itg metabolic fate were taken into consideration.

In 1964, whon wo embarked on this investigation, the

chemicsl structures of aflatoxin By and Oy had

Just beopn olucidated by Asao gt al (1963). The

Sotebolic pathways for the conversion of the toxin

to nopn-toxic metabolites was not known. A toxic

motabolite nawed milk toxin was found im milk of
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cows (de Iongh, Vles and Pelt, 1964). The structurs

of this substance was at this time an open question,

Our first endeavour was to develop a method
for the production of large amounts of labelled
| aflatoxin that could be used in metabolic studies.

h This toxin was produced by Aspergillus flavus a

common mould in Migerinn soils. A culture of this
fungus in Ibadan produced large amounts of aflatoxin
on Czapek-Dox medium. This mould had also been found
growing luxurianntly on Nigerian stable diets (Bassir,
1964) and its prosence in some of the traditional
Nigorian foods such as ogi (fermonted maize) and gard
(a farinaceous graln made from cassava) had been
regarded asz a "problem of human nutrition in Nigeria™,
(Bansir, 1964). This fungus, as well as two other
strains of Aspergillus, present in the microflora of

local dicts were investigated for the production of

fflstoxin un synthetic media under varying experizental

ecnditions used.

A better yiold of aflatoxin was achieved in

Ourface culture in contrast to the aerated culture.
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under such conditiong éncouraged the Accumulation of
metabolic products by the fungus growing on Czapek-
Dox medium. 1p these cultures, production of aflatoxin
was encouraged during the growth phase. At the onset
of sporulation ih surface cultures, growth was einimal
and there was a fall in the concentration of aflatoxin
in the broth (see table 2). For these reasons, the

Cultures were harvested on the seventh day.

On addition of labelled isotope to a culture medium

the labelled materials is channeled into a number of motabo-

e pathways. The utilization of isotopes such as [j—cThI-

-

Acetate and [}—C1h:]-acntutﬂ for the biogenesis of
aflatoxin has been suggeated by Adye and Mateles (1964).
However, nddition of 50 uyC of [j-ﬁ1h ]-n:utltn to the
Culture medium before starting incubation did not result
in a high yield of labelled aflatoxin (Table 5). It was
Fouliged that half of the radiocactivity was left in the

Bsd1vs on the third-day of incubation and, before the
9nset of the rapid growth phase of the fungus Aspergillue

flavus, when [.z-c"“]--nt-t- was used, and addition
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The reduced redoxpotential of the medium (Visser,i967¢)
under such conditionn encouraged the accumulation of
metabolic products by the fungus growing on Czapek-

Dox medium. In these cultures, production of aflatoxin
Wa8 encouraged during the growth phase. At the onset
of sporulation in surface cultures, growth was einimal
and there was a fall in the concentration of aflatoxin
in the broth (see table 2). For these reasons, the

Cultures were harvested on the seventh day.

On addition of labelled isotope to a culturo medium

the labelled materials is channeled into a number of motabo-

e Pathwaya. The utilization of isotopes such as [j-c1*1,

Acetate anpd [?-ﬁ1k:]-ue:tntu for the blogenesis of
aflatoxin has been suggested by Adye and Mateles (1964),
Hﬂ:nrur, addition of 50 uC of 1-C1u ]nn:ntnta to the
Cfulture medium before starting incubation did not result
in & high yield of labelled aflatoxin (Table 5). It was
Feoldned that half of the radioactivity was left in the

%odiun on the third-day of incubation and, before the
Onset of the rapid growth phase of the fungus Aspergillus

&'ﬂ- When [E-l:'"*]--ut-tl wae used, and nddition

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



npucific activity was obtaiped. A similiar procedure
has been described for the incorporation of ¢14.
labelled glucose into streptomycin (Hunter and
Hockenhull (1955). It was observed that the
incorporation of isotope waes increased five times on
delaying the addition of radiosctive material until
growth had proceeded for 60 hours. Thic suggested
that in the first 48 hours of growth, the subetrate
WA8 used largely for synthesis of mycoelium and as a
Bource of energy instead of being accumulated for

aflatoxin synthesis.

The availability of E1h—]nbn11nd aflatoxin 8,
of high specific activity facilitated the identifica-
tion and quantitative estimation of metabolic products

of aflatoxin sdministered in a single dose to the rat.

The use of isotopic derivatives in ptudies involving

tho ldeatification of trace amounts of metabolic

Eroductes has boen employed by many inveatigators

{'ulh- and Parke, 1953% villinms, Elliot and Parke,

1959; Piduson and Geller, 1963).
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Shank and Wogan (1965) studiod the distribution
14 | |
of C' "-labelled aflatoxin in the rat. Wogan (1966)

reported that from 14 to 69.8 per cent of the radio-
activity may be found in the intestinal content
f twenty-four hours after the adminietration of

| aflatoxin,

In our study of the effects of aflatoxin B4 on
the liver of rats (table 6) cne-third of the dose wap
@xcreted via this route, six hours after administration
of the C1u-lnbn11td aflatoxin E1 into a rat. When the
bile duct of the experimental rat was cannulated, and
the bile flow into the duodenus via the bile duct was

thus prevented, 37.5 to 43.6 por cont of the administored

dose was found in the bile content (table 11),

Willin=8(1963) suggested that an active drug is

metaboliased in the body by oxidation reduction, or

bydrolysis. Drug activity is, therefore, terminated

partly by the excretion of the mctive or inactive

tabolite and partly by a second metabolic reaction.

Ancng the cousmarins ard related compounds, hydroxylation

i & ceommon reaction. The hydroxylated product is then
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conjugated with gluruconic acid. This reaction often
leads to a considerable reduction in activity of the
parent drug or its metabolites, which aay be excreted in
urine and/or bile. The excrotory path way for
aflatoxin might be similar to that enunciated above.

the results on table 11 sugpest that aflatoxin Bq
and/or its metabolites wero oxcroted via the bile duct
into the intestine. The results in table 12 also
ehow that 4 to 6 por cent of the doso was excreted
in the urine. The sigmnificance of the mode of
excretion of aflatoxin in relation to aflatoxin poisoning

in rat on low-protein diet is discussod below.

Afilntoxin is a potent hepato-toxin. Metabolites
of aflatoxin have been detected in the liver, half an
hour after and=inistration of the drug (Butler and
Clifford, 1965). De Iongh et al (1963) reported the
pregence of metabolites of aflatoxin in milk. The

'milk taxin' (Mastri et al, 1967) was later found in
Uurine by Holzapfol et al (1966), Evidence is presented

in this thesis to show that the liver is a najor site
for the metaboliss of aflatoxin in the rat. Table 10

ahows the result of a comparative study on the
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metaboli
8m of aflatoxin by liver tissues obtained

from
rate on low-protein or on adequate diatg In

thig éxXperiment, it

ex
Periments cannot be a asubstitute for evidence frosm

the intact organism.

Lo

It was, therefore, considered necessary to
) Campar
| Pare the modes of excretion of aflatoxin in rats

fo
| d on low and high protein diets. Falk, Thompson

a
nd Kotin (1965) raported the appearance of fluorescent

Betabolites of aflatoxin in bile, after administration
of the toxin to rat. The rate of excretion of aflatoxin
H1 in the bile after a single intra-peritoneal dose to
%2ls' albino rats was measured and reported by Bassir
8nd Daliyeni (1967) (see Fig.1%) nn "there seemed to be

2 pudlished data on the quantitative pattern of

L2 8 E P excretion of the toxin and the nature and
Fortition of its metabolites in bile” These
- *%Periments have boen exterded to include a study of
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the rate of excretion of the aflatoxin in the bile
of rats under two different nutritional conditions.
In table 19, 4t is shown that 37:5 per cont of the
administered dose was excreted in & twenty-four-hour
Period by the rats on an adequate diet as compared
with 28.5 per cent by those on low-protein diets.
Analyois of the bile samples obtained from these
rats (table 12) revealed that the rat on a high-
protein diet excrete mainly conjugation products, but
no free aflatoxin, and that the reverse was the case
for the animals on low-protein diet. The activity
of the drug metabolising enzymes is depressed in
aninals on inadoquate diets (Mclean and Nclean, 1968).

It {5 evident that the detoxication of aflatoxin was

depressed inp the rat on low-protein diet. Furthersore,

since the rat has no gall bladder, the potent toxinm

excroted in the bile is passed into the duodenusm and

=ay bo reabsorbed into the entorohepatic pysten. In

rueh eircumstance, the liver tiasue is continuously

exposed to tho carcinogen. Thip may explain the

observation by Madhavan and Gopalan (1965) that rats on

low-protein diet are more susceptible to aflatoxin-
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poisoning than those on adequate diets.

The following metabolites of aflatoxin By

have been identified:

(a) Aflatoxin M, 4s an oxidation product of
aflatoxin B, (Holzapfel ot al, 1966).
This compound had been described as
'Milk-toxin' by De Iongh et al (1962).
Variable amounts of this toxin were also
found in the bile of rats on low-protein

diet (17.4% of dose) and high protein diet

fglﬂ of dﬂ‘“ﬂ'} .

(b) Aflatoxin My glucuronide is a conjugate
of aflatoxin M; and glucuronic acid.
This conjugate is acid labile, whioch

suggests that it is an ether glucuronide.

(c) De-methyl aflatoxin M, wao {solated from

rat bile.

1k
Shank and Wogan (1965) fed mothyl-C" =

labelled aflatoxin to rats and recorded & higher
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ﬂ“ub {n the reapired ailr than shen ring-labelind

aflatoxin was used. The isolation of demethyl

aflatoxin B4 from bile of rate is therefore a further

evidence that demethylation of aflatoxin By probably

takea place in the liver.

A proposed pathway for the metabolism of

aflatoxin i3 illustrated in Fig. 16.

5 Atocu-El-Makarens, Millburm, Snith and Williame

(1967a) reported on the petabolisn of some arosmatic

» compourds of molecular welght less than 300 in the

K rat. The extent of billary excretion of these

0-10 per cent of the dose
that simple bentens

campourds was low, being

in 24 Sours. It was concluded

desivativey of moleculsr selight less than 300 are

ﬂﬂdhtllﬂlﬂh. Millburs, S=ith
asd ¥111iems (1967a) bowever, feund that abeve this L

e o st sebosar vbite 58 135 P
B 'I. ‘ - - -.-‘ . = i l_q ‘ I-l -

B
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respectively (calculated on forsula basis). It 1o
suggested that if the necessary molescular welpght
and polar groups can bs moquired by metaboliom,
the biliary excretion of aflatoxin Fy and ita
metabolites will be facilitated (Zse table 12).
T™his may explain the difference in the rate of
exoretion of metabolites of [:"‘]-.rmmu By

By rats on sdequate diet compared with those om low- -y

protein dieta. The rate of biliary excretion of
ﬁ [::“]tlhtuin By, 4in rats on 25 per cent, and
19 per cemt protein diet was significantly higher

' than that ins rate of 4 per cent casein diet.

[ A clesr species differerce in the extest of
Bilisry sxcretion was found between the rat, and rabbit,
KSou-T1-Makares, Millburz, S=ith and Willisss (1967%) |
fescritod the rat ss » "good excretor® of

fareigs compounds, asd the raddit a "peer exereter®,
(oen tasles § amt 11). The reassus for this species
€iTsrenees in tie exeretios of -ﬂﬁmumw s

| : g the ressces

T -y
e e e, - 4

e ﬁvj .

T
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There are sany well-known methods of
Anterpreting data on the urinary exéretion of

druge and their metabolites. Stern (19%%); w
and Relas (1950) found that the cusulative exeretion

of a drug 1s linearly related to the logariths of
the time. Hough, Barnard and Basair (19%%)
explained that a discontinuity which occurs in
the linear relationship in the case of inulinm,

] (asd similar substances) is the combined effect of |
the passage of inulin into (and out of) the

intestitial fluid and gloserular filtration. For

| the low dosage of aflatoxin used in this
R investigation, the quantity of aflatoxin excreted
Showsd an exponential growth curve with time; and
the cumulative ezcretion of the drug is lipearly
Telated to the logariths of tise as indicated in |
Pig. 11, If this curve is defimd by the equatica I




~ then a atraight line equation ia obtaimed by
Putting the equation in it logarithaie fors, i,e,

Log U i Lo
L1 - — u
1- N’ 5 ‘ o

This graphical representation shows that
the excretion of aflatoxin can be expressed by
the Haigh and Beiss's equation.




A.

(1) Aspergillus flavug (7%) was found to glve
g°0d yleld of aflatoxins on Ceapok=Dox medius,

(1) Incorporation of labelled isotopes into
aflatoxin was enhanced by delaying the addition
of labelled material for &0 hours after

iscubation at 27°C had communced,

(151) e bighest specific activity of 1% -
labelled aflatoxin By nchieved, when [2-#1Q'

Acetate was used as substrate, was ¥omyu o/aM.

_l.
After sd=isistration of a single dose of
e abelled afistoxis By to experisestal amisals

iummﬁﬂ“
I=

-'..-:_:l_g 1_- |_.._—--I.-.-._i




(2)

(3)
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of the drug passed through the bile fluid
in 6 hours. The large amounts of radio-
activity found in the gootro intestinsl

tract was probably derived from the oxcrotion

of the toxin vin the bile into the intestine.

The rate of biliary excretion of aflatoxin
By in the rat was deternined. In the rat
given aflatoxin B4y in n single intraperi-
toneanl dose the peak level, was attained

approximately 75 minutes after administration,

Chromatograms of bile samplos from experimental
rats on thin-layer plates of silica gel G showed
four flucrescent spots which corresponded to
radicsctive peaks on a scan of representative
radic~-chromatograns,

The following metabolites were identified:

(a) Aflatoxin M
(b) De-methyl aflatoxin By

r:.. - 5 [T . ilf ..._I_'r.l . ":j
conjugate of aflatoxin M,
&= ¥ e -




At 2 dose of Sou-m; woeight for rat, on

| o normal diect, free aflatoxin B, was |

absent from bile samples. Bile samplon |
obtained from rats on a low=proteinu diet,
however, contained free aflatoxin. About

15% of the dose was excreted in this fornm,

(&) Analysis of urine sasple gave two

. blue fluorescent metatolites. Those were
aflntoxin M, and a glucuronide conjugate.
Free aflatoxin was present in urine samples
obtained from rats on luw-protein diets.
Only traces or none of free aflatoxin B,

'|
| wan found in urine from rats on high-

protein diet and the rabbit.

| (5) Relative diptribution of aflatoxin

an! its metabolites in different organs
after n sningle dose (50 pé:m;]' was glven

Antraperitoneally to albino rat wis
icmm The toxin wae presont in the
noy and ﬂﬁm contenta,

_..II

—--_-'ll "'|. | g
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Liver elicos or homogénatcs mere
prepared from rats fed on experimental |
diets and used to determine the rate of
dotoxication of aflatoxin in vitro.
Liver samples from rats fed on high-
protein diects wore found to metabolise
the drug faster than sazples from animals

on low-protein diet by a factor of three.
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A now procedure for tﬁnfinuq;puriﬁiqﬁ
of [E'-E:ql']-n_dqtitn into aflatoxin 4s
described. The specific uctivity of the
c'-1abelled aflatoxin produced was
XmuC per oM

Evidence is presented to show that the
rate of detoxication of aflatoxin was

doprogsed in the rat fed on a low-protein

diet; and that the circulation of the toxin
in the entero-hepatic aystezm might be an

inportant factor in aflatoxin puh'uhig--

A pathway for the metabelisn of aflatoxin

in the mammal is proposed.

2
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By 1s excreted in the bile of the rat

while feeding on a low=protein diet. Only

conjugatos of aflatoxin wore found in the

bile of rats fed on high-proteis diets.
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