Foref -

Pt
>0

FAO/UNEP/USSR
International Training Course

«TRAINING ACTIVITIES ON FOOD CONTAMINATION CONTROL
AND MONITORING WITH SPECIAL REFERENCE TO MYCOTOXINS»

L. V. KRAVCHENKO

AFLATOXINS
AND THEIR BIOLOGICAL
ACTIVITY

Centre of International Projects, GKNT

Moscow, 1984



12%0

APLATOXINS AND THEIR BIOLOGICAL ACTIVITY
L.Y.KRAVCHENKO

The group of aflatoxine (secondary metabolite. of micro~
scopio fungl'of the Aspergillus genus)includea more than 10
compounds of similar cheaical structure and biological action.
It ia mostly aflatoxine B‘. By, 01, end 05 that are found in
natural condittons as contaminants of food products end feeds.
Out of fbur main representatives of aflatoxins, B1 is most to-
xic and, as s rule, ti 1s aynthesized in the largest amounts.

The results of studying aflatoxine over 20 years since
their discovery have shown that most mammals {inoluding pri-
mates), birdms, some species of fish, insects, end microorga-
nisns sre susceptibles, in various degrees, to the toxic action

of aflatoxins.

Netaboliem of aflatoxins

The elimentary pathway is the main form of entry of afla~
toxins in the organism, the principal and, in most of cases,
the only damaged orgen being the liver.

Aflatoxin B1 1s found in the liver of rata as early as
30 atnutes after being administered, and its concentration in
l1tver reaches the saximum level withip two hours. After single
intraperitoneal adainistration, approximately 20% of labelled
toxin is retainsd in the organism of rats within 24 hours; the
highest concentration of the toxin is found in the liver. Si-
silar re ults were obtained in experiments on aice, hamsters,
sheep, pigs.'and poultry.

Experi-ents with labelled aflatoxin B, have shown that
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the main pathway of withdrawal of the toxin (in an unaltered

form or s a netesbolite) is its excretion with bile and urine,
end only a small anount is isolated with the exhaled air in
the form of 002. Moot of investigators, studying the rate of
metapgolization of aflatoxins in different species of animals,
have found that the half-life of allatoxin By in the organisam
is 12-15 hours.

Experiments conducted in recent years, both in vitro, and
in_vivo, have shown that aflatoxins are metabolized by the sa-
me enzymotic eyetems as other xenobiotice. Aflatoxin B1 may
be ‘subject to hydroxylation by mircopomal oxidasee with a mi-
xed function o give lesa toxic metabdlites -- aflatoxine M,,
01. and P1. Aflatoxin H1. in many species of animals, is one
of the main metasolitaS‘which are found in milk and urine.Thus,
it has been detected in milk.of cows, sheep, and goats which
had conoumed feed contaminated with aflatoxin B1.

The second possible pathway of detoxication of aflatoxin
B1 in the organism ie the reduction of cyclopentenone to afla-
toxicol with the participation of soluble cytosol dehydrogena=-
ses. This renotion is reversable and therefore meny authors
consider aflatoxicol as & "reserve" form of aflatoxin B1 in
the cell.

Finally, aflatoxin B1, with the engagement of the same
enzymatic syotem of the liver aicrosomes, can bg "activated"”
i.8., 1t can be turned 1nt9 compounds with a more pronounced
toxicit}.AIt is supposed that one of such active forms of afla~
toxin B1 is ite hemiacetal-aflatoxin BZa' the other form besing
ito 2,3)-epoxide. It is also believed that :epoxidation affects
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the double bond of the terminal furane ring of the moleculea
of the moet toxic representatives of the sflatoxin family-~
aflatoxins 31. 01, and H1, whereas aflatoxing B2 and 62 whose
molecules do not have that double bond, possess a ~ich lower
biological activity. It should be emphasized that acute toxic
effect (aflatoxin 823) and carcinogenic activity (2,3-epoxide
of aflatoxin B1) of aflatoxins are primarily associated with
these "ctive*metabolites of aflatoxin B,.

The 2,3-dihydrodiol of aflatoxin B, which is formed from
the epoxide, just as other derivatives of aflatoxin 81, may
produce in liver cella conjugates with glutathione, cysteine,
gluouronic and sulphuric acids and in this form be excreted

from the organiem with bile or urine.

Blological activity of aflatoxinsg

Acute aflatoxicosis

Acute alimentary toxicoses associated with the ingestion
of contaminated feeds have been described in 1960 almost con-
currently for turkey-poults, ducklinge, pigs, and calves. The
moat susceptible among farm animals are 3-12 weeks old piglete,
pregnant saws, and 1-6 monthe 0ld calves. As for poultry, high
susceptibility to aflatoxine is found in turkey-poults and
ducklings; less susceptible are young pheasants while chicken
are characterized by a relative resistance.

The leading clinical symptoms of acute intoxication with
aflatoxins is the absence of appetite, loss of body msas, and

8 reduction in welght gain. It is necessary to emphasize a
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rapid development of aymptoma of intoxication and a high death
rate among enimals., Aflatoxicoses in birds are distinguished
by symptoms of the damage to the nervous syetem, in calves by
the disruption of the funotion of the gastro~intestinal tract,
.in pige and dogs by the development of jaundice. Characteristio
symptoms of acute intoxication are multiple haemorrhages and
oldemas.

Aflatoxine are hepatotropic toxinas, the target organ in
all species of animale being the liver. Aflatoxins cause 4if~
ferently expressed and differently localized necroses of the
liver parenchyma and also adipoge and albuminous degeneration
of hepatocytes. A characteristio featurs of the actlon of afla-
toxine is rapid proliferation of the epithelium ef biliary
ducts. '

Table 1 sums up some data on the action of aflatoxin-
contaminated feed on farm animals and poul try.

Changes in the liver, similar to those observed in fara
animals, are found in experimental conditions in most of test
animals. Tho-LDSO values for scme species are shown in Table 2.
Depending on the susceptibility 8o aflatoxin 31, the animgls
may be sorted into three groups: 1) very susceptible for which
LDy < 1 mg/kg; 2) susceptible for which LDg, is 1-10 ag/key
and 3) resistant for which LD50> 10 mg/kg.

It should be noted that aflotoxin 51 is most active among
aflatoxine. The relation between the toxicitige of individual
representatives of this gfoup may be demonstrated on an example
of LDSO values for one-day old dicklings, which are 0.36; 1.70,
0.78, and 2.83 mg/kg, for aflatoxins 81. B,, G, and G,, respec-
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tively. LD5O of aflat>xin B, for rats of the Fiecher line is

1.16 mg/kg,and thet of aflatoxin G, 1is 1.5-2.0 mg/kg; aflato-
xine B, and G, are weakly toxic at doses in excess of 200 mg/ks

Information on the toxic action of aflatoxins upon prima-
tew is of definite interest. It has been demonstrated in expe~
riments on rhesus @nkoy. snd crabeaters that aflatoxin B,
in doses ranging froa 62 ,g/tg of the body mass to 5 mz/kg
induces changes in the liver which ere characterietic of afla-
toxicosis and rapid (at high doses) -duth of animals. A ppe-
1;1.1 syndrome hae been described in young llacaca fascicularis
feasles ofter the internsl sdsinistration of aflatoxia B,
in & dose of 0.5 or 1.5 ag/kg. The characteristic clinical
sysptoas were oaughing, voailiing, diarrhea, and coma. The
ohanges 1n liver included centrilobular neoroeis, moderate
proliferation of biliery duots, and najstn adipose degensra-
tion which was also obeerved in ths heart and kidneys. Osdens
of the brain and the degensrative changes of nerve cells were
aleo obgerved. Some of these changes were similar to symptoms
noted in childzem who suffered froa Reye's ayndrome which will
be desoribed later on. Thus, the eensitivity of monkeys to
acute action of aflatoxins is indubitable.

As seen from Table ' and 2, there are considerable intsr-
epecific differences in susosptibility to aflatixine. Ths rea-
son, ascording to sany investigators, is dua to the differences
in ths rates of aflatoxin metebolization between the specles;
other authors believe it to be associated with different path-
waye of motabolisa.

It is noteworthy that there are differences in suscepti-
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Table 1

Toxio action of feede contaminated with aflatoxins on
farm animalas and poultry

Animal Dose Effeot
Cattle
calves 0«08 mg/kg/day Drop in weight gain
0.2 kg/day Drop in weight gain,
coagulopathy
0.5 aflatoxin B / Coagulopathy, neoroses
kg/day of liver, death
bulls 0.7 mg/kg feed Drop in weight gzain

adult cows

Horses

Pigs
mags 6.5 kg

mass 20 kg
mass 22 kg

Poultry
ohioken

broilers

laying hens

1.0 mg/kg feed

2.0 ng/kg feed
16.0-46.0 mg/kg

0.6-0.9 mg/day/oow

0.07%5 aflatoxin B
kg/day

SRS o e

0.26 mg/kg feed

2 -~ 4 mg/kg feed

0.25 mg/kg feed
1.0 mg/kg feed

025 mg/kg feed
0.6 mg/xg feed
1.5 ng/kg feed
2.5 ng/kg feed

5 « 10 mg/kg feed
2 -8 mg/kg feed

20 mg/kg feed

Death (59 days)

Drop in milk yield
Deteotion of aflatoxin l
in milk

Deteotion of aflatoxin l

in milk

Disruption of liver func~
tion, Jaundice, death on
the 31th day

Ditto, death on 26th day
Ditto, death on 12-15th
day

Corresponds to LDSO
(internally)

Growth retardation
Suppreesaion of immuno-
genesls

Aoute toxicosis, death

Drop in weight gain
Necrosis of the liver,
death

Suppresaion of lumuno-
genesis

Drop in resistance
Drop in weight gain
Coagulopathy

Necroais of the liver,
death

Reduction in egg laying
capacity

Heduction in egg-laying
ocapacity, detection of
aflatoxin in eggs
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Table 2

Yalues of LDSQ of aflatoxin B‘ for some species of farm

and laboratory animals (single administration)

Animal I‘DSO' ng/kg of body maes
Duoklings 0.34~0.56
Rabbits 0.3 -0.5
Rainbow trout 0,5
Cate 0.55
Mink 0.5 0.6
Pigse 0.62
Doge 1.0
Guinea pise 1.4 -2.0
Sheep 2,0
Monkeys 2,2
Rate:s

newborn 0.56
weanlinge 5.5
adult malea 7.2
sdult females 17.9
Chicken 6.5 -16.5
Mice 9.0
Hamsters 10.2
Chicken embryos 0.025 pg/}.q
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bility to aflatoxins even smong bresde of one and the same

epaciea. For inatance, the gtudy of 18 strains of chicken,
turkey-poulte and quril indicated that only one breed -- New
Hampshire-- is distingulehed by high susceptibility to aflato=
xin B1. A comparison of the sunceptibilitiems of the smbryos

of different breeds of hen to aflatoxin B‘ revealed thnt most
realétunt to this sflatoxin are Rhode Igland embryos end the
least susceptible are the embryos of the White Plymouthrock
breed.

In vitro studies of different eysteme have greatiy faci-
litated the elucidation of the biological activity of eflato-
xine. Thus, toxic propertiees of aflatoxinas have becen proved in
relation to cultu;oa of chick embryo liver, bnhj rut liwver,
lungae, and kldnéye. calf and monkey kidneys, human liver, etc.
In these aynteme, the activity of aflatoxin 81 wag demonstrat-
ed at a dose ranging from 0.07 to 10 pg/ml. Ita toxioity was
expressed in the changes in the morphology of cultivated cellas
and in the disruption of their functional activity: suppreseion
of the ayntheaia of nucleic acide and protein.

The information about high susceptibility of tissue ocells
of man --liver, lunge, blood cells, and skin fibroblaste -~to
aflatoxins ies of interest. Along with aflatoxin B1. toxic aection
on the cells of human embryo liver is exerted by aflatoxins
Byy G5, and'01.

Numerous observations .and experiments have indicated
that aflut&xina are strong immunodepressants, which moetly

affect cellular immunity. The T syatem of cellular immunity

1230
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l‘ and l,. Aflatoxine also influence the mechanisms 4f non-

specific resistance of the organisa — the synthesis of nome
fraotions of the ocomplement, the production of interferon,

etc,
Chronic aflatoxicosia

Chronic intoxication with aflatoxins entsils the develop-
sent of malignant tumsurs of the liver. A% present, aflatoxine,
primarily aflatoxin B,, are classed with the strongest chemical
eanln@ons. v

. WYhen adsinietered internally, aflatoxins induce hepstomae
in all thus far studied speciss of animals, specificelly in
rats of the Pischer, Wistar, and Porton straine, ducklings,
chicken, rainbow trout, i'.l-on. guppies, pole cats, dogs and
monkeys.

A 1linear dependence of the frequency of hepatocellular
carcinomss upon the dose of aflatoxin B, in the ration was ob-
served in rates of the Pischer strain: at aflatoxin concentra-
tion of 1 p/kg the frequency of tumours was 10%, at & concen-
tration of 100 rg/kg 1% wap 1008 (Table 3). The frequency indi-~
cen of cencer in the lifetime of rats, theoretically calculat-
ed by the Tesulte of various experimental studies, were ?.40/105
at a concentration of aflatoxin B, in the ration 0.1 ’g/u and
Hof)/‘l()s rats at a concentration of 0.3 F./kg‘of feed.

I-5
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Table 3
Dependence of carcinogenic activity of aflatoxin 31
in male rats of the Flacher straim upon its content

in the ration

Aflatoxin Duration of Prequency Earliest time
concentration, feeding, weeks of liver of the develop-
Fg/ks carcinoma ment of the

tumour, weeoks

) 74 - 109 0/18 -
1 78 - 105 2/22 104
5 65 - 93 1/22 93
15 69 - 96 /1 © 96
50 ' T - 97 20/25 82
100 54 - 88 28/28 54

8ingle intraperitoneal administration of aflatoxin B‘
in female ratF at a dose corresponding to LDSO also led to
the development of hepatomas in seven out of 13 rate within
60-128 weeks.

Carcinogenic action of aflatoxins may manifest iteelf
slso in the progeny: the dcvolopneht of cholangiocarcinomas
has been observed in bady rats subjected to prenatal (intrau-
terins) or'poat-natal (through mother's milk) exposurs %o afla-
toxin 81.'

Thers are reports about the development of tumours out-
side the llvar as a result of the administration of aflatoxin

B]x carcinomas of the stomach, adenocarcinoaas of the large
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intestine, kidnwys and lungs, tumours of the salivary glands,

tongue, and oesophagus, The cases of the development of sar-
comas in the place of subcutaneous edminietration of aflato-
xin sre also desoribed.

Carcinogenic proportlos of other aflatoxins --82. G4y
02. l1 sre less pronounced. When aflatoxin 01‘was administered
to rates with dringking water it induced not only tumours of the
liver but also tumours of the kidneys. Aflatoxin B2 in a tofal
Qolo of 150 mg per animal induced hepatocellular carcinomas in
three out of nine rats within of 57-59 weeks. In the esame se -
ries of experiments, aflatoxin B1 administered in & dose of
1.) mg per animal induced hepatomas in 9 out of 9 rate within
46 weeks. These results indicate that the sffsctive dose of
aflatoxin Bz is 115 times higher thﬁn the dose of aflatoxin B1
glving rise to hepatomas in rats.

Unlike rats, mice manifest well-~pronounced resistance to
the carcinogenic action of aflatoxina administered internsally.
Prolonged consumption of aflatoxin 81 by mios at a concentra-~
tion up to 1000 ’g/kg of the feed failed to induce any tumours.
At the same time when aflatoxin B1 was intraperitonezlly admi-
nistered to b;by mice in & dose of 1,25 fg/ks during the firs$
7 days of 1ife or in a dose of 6 pg/kg during three days, hepa-
tomas were found within 80 weeks (Table 4).

Rainbow trout is known for high susceptibility to aflato-
xins. The inclusion of aflatoxin B, into its feed at & rate of
0.1 pg/kg induces the development of hepatomas within 20 months.
Aflatoxinvl1 manifests itself as & weaker hepatocarcinogen in
experiments with trout (Taeble 5).

1-6
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Table S

Hepatocarcinogenecity of aflatoxin l1 in rainbow

trout as compared to aflatoxin B1

Aflatoxin . Liver tSumor fregquence

level 1in nales females

the ration,

pe/ke

M 4.0 4/28 (14%) 13/271 (48%)
N, 6.0 22/271 (81%) 11/14 (79%)
M, 32.0 24/25 (96%) 13/14 (93%)
M, 64.0 21/24 (88%) 9/10 (90%)
B,4.0 v 15/22 (60%) 18/23 (76%)

Por a long time (up to 1971) primates were believed to
be resistant to carcinogenic action of aflatoxins. It was
only in 1972 that Gopalan and collaborators published a report
about the development of hepatocellular carcinoma in a male
rhesus monkey which had been fed with partially purified afla-
toxins B‘ and G‘ for 5.5 yeare; the carcinoma was deteoted 8
yeoars after tLo commencement of the experiment. Purtheron,
thess results wers repoatedly confirmed by other authors. The

hepathocaroinogenic effect of aflatoxine B, and of a mixture

1
of aflatoxins B1 + Bz + 0, 4+ 02 has been demonstrated for
marmosets and tupaias of both sexea. It should be noted thst
attenpts at deteraining the dose dependence of the effsct have

not$ been undertaken for primates.
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Teratogenic and mutagenic action of aflatoxins

Teratogenic properties of aflatoxin 31 have been deter-
mined in experimental conditions for hamsters, rats, aice,
chicken, and Japanese smooth snake (Oryszius latipes).

Aflatoxin administered to hamsters on the 8th day of pre~
gnancy induced malformations in 29.4% of foetuses., The adei-
nigstration of aflatoxin B, at a concentration of only 1.0
’u/kg to female wistar rate every other day for the first 14
days of pregnancy entalled the death of 1% of embryos, resorp-
tion of 6.8% of embryos, while 3.5% of fetuses had various mal-
formations of development: microcephalia, hernias, bradidacty-
lias. . '

In 11.5% of mice embryos exposed to aflatoxin By, at the
8th day of intrauterine developaent varioﬁa malformations were
observed: brain hernias, anomalies of the gastrointestinal
tract. )

The adainistrction of aflatoxin 31 fo the yolk sack of hen
egrge at the 6£h day of incubation entailed the developmeat of
malformations in 65-90% (depending on the dose) of embryos.

Aflatoxin B, induces chromosomal aberrations and breakups
of the DNA in plant and animal cella. It has been likewise de-
monstrated that it produces mutations of genes in bacterial
tost-uyuton; (tﬁo Ames test) after metabolisation ("aectivation")
by nicrqaonal preparationa froam the rat or human liver.

Studl;s of recent years have demonstrated that autagenic
and toxigenic properties of the precursors of aflatoxin B1
(during its biosynthesis) increase a2s their structure becomes

more complex and reach their peak ln aflatoxin 31. The depend-~
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ence of mutagenio properties of aflatoxin B, upon the preeence

of the laotone ring in ite struoture has been demonstrated.

Factors. influenoing the biological activity
of aflatoxins

A large amount of data aocumulated till now demonstrates
the poesibility of modification of toxic, carcinogenio, and
other manifestations of the biological aotivity of aflatoxins
within broad 1limits by using different factors.

The‘toxio action of aflatoxing deends considerably upon
the age and sex of animales. The common feature for all epecies
is a decrease in thelr susceptibility &o aflatoxins with age.
As was seen in Table 2, LDg, for newborn rats is almost 1/10
of that for weaned rats and 1s 1/13 of that for the adult male
rats.

Rumerous studies have demonstrated that females are more
resistant both to the acute toxic and to the carcinogenis ac-
tion of aflatoxins compared to males, Table 2 also shows that
adult male rats are approximately 2.5 times more susceptible
to aflatoxin B, than females (LDg, 7.2 and 17.9 mg/kg of body
mase, respeotively). It im not without interest that when afla-
toxin B1 is inoluded in the rations of rats of both sexes, the
frequency of pre-cancer changes in the liver is practically
the same for males and females, but the period between the
appearance of these changes and the development of hepatic
carcinoma in females is much longer than in males. Table 6
glves the estimated figuree of the total amounts of aflatoxin
B, enter i the organism of animals (male and female rats) in

the period preceding the appearance of the liver tumours.
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Table 6

The dependence of carcinogenic activity of aflatoxin

B1 upon sex of rate

Concentration Total dose of afla~ Time of detection of the
of aflatoxin B1 toxin B&.lmg/kg liver tumours, days
mg/kg of the anicda

ration males females males females

1.0 2.9 5.9 245 448
0.015 0.09% 0.115 476 560

There are 8ll grounds to beliesve that the revealed sex
diatinoticns in the susceptibility of animala to aflatoxins
are determined by differences in the hormonal background. The
administration of diethylstilbestrol concurrently with afla-
toxin B, to male rats entails considerable lowering in the
frequency of liver tumoure (8 out of 40 as against 25 out of
35 in the control). The development of tumours in the liver
in male rate under the influence of allatoxin B‘ was prevented
by a prelimlnary hypophyasectomy and also by castration of the
animala. The administration of testosteron along with aflatoxin
B, to castrated rats entailed death of all experimental animala.
There ‘is special interest in the information about the
influence of the factore of nutrition upon the ﬁiologlcal ac-
tivity of aflatoxine. It has been demonstrated that under the
conditiona of protein insufficiency the frequency of tumours
of the liver under the action of aflatoxin B, is much higher
than agalnst the background of full-value nutrition and the'

tine of the development of tumdurs ie conaiderably less.
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Thue, in rats which were fed on rations containing 9% of pro-
tein, tumours of the liver developed in 11 out of 15 animele
after the passage of 8 months whereas in rats which consumad
rations with 22% of protein tumours developed in 7 out of 14
animals witﬁln 10 months . In the case of protein insufficlien-
cy, the acute toxic effect of aflatoxines is also more pronoun-
ced. At the same time thers is a different information indi-
cating a deorease in the oarcinogenic effeot of aflatoxines un=
der the conditione of protein deficienoy in the rations. It
was shown that not only protain insufficiency but alao‘tho de-
ficlency of certain amino acids (tryptophan, specifioally) may
aggravate aflatoxicosis.

Speaking of other alimentary faotors capable of modifying
the biolorgical activity of aflatoxines, we should single out
lipotropic agents, some vitamins, and mioroelements. The in-
sufficisncy of methionine and choline in the rations has a
protective action in relation to the acute toxic effect of
aflatoxin B,, but reliably intensifies ita carcindgenic acti~
vity in experiments on rats. At the sahe time , a more pronounc-
od deficlency of these lipotropic substances in the rations
rather decreases, than increases, the frequency of hepatocaroi-
nomas in rate which were given aflatoxin B,. It should be like-
wise streased that the effeot of lipotropic substances which
modify carcinogenic activity depends largely upon thes amount
and quality of fats in the ration of experimental animals.

The final biologlcal effect of aflatoxins 1s strongly
‘influenced by the availability of vitaulnst For instance, the
deficency of vitamins A and C produces inhibition of the meta-
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bolism of aflatoxin B,. Soms authors utfess that whenever the-
re is a deficiency of vitemin A, there is & greater frequency
of carcinomas of the large intestine in rats.

Pronounced protective action in relation to aflatoxins
has been demonetrated by selenium and copper added at defini-
te concentrations to the rations of rate.

Pinally, attention should be drawn to the activation of
microgomal oxidases with a mixed function under the influence
of ethanol which may intensify the formation of the “active®
form of aflatoxin B1 its 2,3)-epoxide-~ and increase thereby
the hepatocarcinogenioc activity of aflatoxin B1.

It seems that most of factors modifying the aflatoxin
toxicity act by changing the activity of enaymatic systeme
which metabolize aflatoxins. This supposition is confirmed by
the results of study of the influence of inductoras end inhibi-~
tors of microsomal oxidases with a mixed function upon the
biological activity of afletoxins. Thus, when test animals
sre given phenobarbital which induces the activity of oxidases,
the toxlc effect of aflatoxin B1 decreases which manifests it-
gelf in the reduction of the inhibiting action of the toxin on
the syntheasls of the protein, the prevention of the liver nec-
roses, the weakening of aflatoxin's carcinogenic properties.
At the pame tima, the administration of an inhibitor of microso-
mal oxldases (SKP525A) was accompanied by an intensification
of the damaging aoction of aflstoxin B, upon the liver.

Thua, the results of sudes of Atlatoxicoaou in farm anis
mals and the experimental findings enable us to class aflato-

xins with moat potent hepatotoxic and hepatocarcimogenic to-
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xins. It should be straseed that the extent of biological acti-

vity of these microtoxins depends sreatly upon the species

of animals, their age, sex, and the nature of nutrition.

, Action of aflatoxins on man

Clinicel observations

Since afletoxins were found to possess strong hepatotdxic
and hepatocarcinogenic properties, the relatively high froquoﬁ—
oy and level of the contamination of food products with afla-
toxine and the abundance of aflatoxin producer in natural con-
ditions make us to'olaes these ilcrotoxlna with blologlce} pol-
lutants of the environment which are potonflnlly dangerous for
man'e heslth.

Acute aflatoxicoses in humans are rare and are assoolated
with high concentrations of aflatoxins in food (ranging froa
0.2 to several amg/kg). All cases of polsonings occurred in
countries distinguished by a high levsl of contamination of
food products with aflatoxins (Table 7). The sicknese of child-
ren in Senegal was caussd by peanut flour containing aflatoxin
at a concentration of up to 1.0 mg/kg. In Indla, children in ‘
the are group from 1.5 to 5.0 years when trsatodlfor the ‘syn-
drome of protein insufficiency - kwashiorkor—wers glven pea~
nut flour which contained aflatoxin B, at a concentration of
0.3 mg/kg. The average daily dose of the toxin in this case
was 1.1 pg/kg of body mass. In one of described cases, the
liver of & 15 year-old boy which dled of acute hepatitis de-

monstrated changes which are characteristic of aflatoxicoals.
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The discase was caused by manioc containing aflatoxin B, at a
concentration of 1.7 mg/kg.

A convincing ilnatance of the asamociation of aflatoxine
with acute hepatitis in people was the outbreak of toxioc hepa-
titie in the North-Weet distriocts of Indla in 1974. The diasea-
se was characterized by a subacute commencement with a fever an
a subaequent rapid development of jaundice (98% of cases) and
ascitis. The patients demonstrated hepatosplenomengalia. Liver
pection obtalned by blopsy and mutopsy demonatrated a charac-
teristic proliferation of billary ducts. The death raty was
very high. The analysls of food products indiceted that the
cause of the disease was malze whioh contained aflatoxin Bi
at a concentration of up to 15.6 ’g/kg. Wwith thie level of
contamination, the daily ingestion of uflatoxin ranged from
2 to 6 mg/per person which corresponds to dally domes of up
to 1201|g/kg of body mass.

Special mention should be made of information about the
fnfluence of aflatoxin upon man ia industry. In one of the
instance, 7 people oug of 55 who were ingaged in the procesesa-
ing of peanuts and other eil-bearing crops, demonatrated the
development of ocancer of varying localization (the berlod‘of
observation was 11 years, the time of exposure was 2-3 years).
The concentration of aflatoxins in alr in this case could have

3

been in a range of 0.87 to 72 mg/m”. Two cases of pulmonary °
adenomatosis with a lethal outcome have been described in pe-
ople handling Brazilian poanuts; Changes characteristic of the
action of aflatoxin By were found in their jungs. Finally, a

report ie known about finding carcinoma of the large intestine
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in two ressarch workers who for & number of years were engaged

in the isolation and purification of aflatoxins.

The study of patients suffering of cirrhosis of the liver,
residing in the regions of Iran where this dicease is believed
tg be frequent, revealed the presence of aflatoxin I1 in the
urine of six out of 26 patients. Aflatoxin was never found in
the urine of patients with other diagnoses. The patients came
to the clinic from villages which were noted for a high con-
centration of aflatoxin M, in milk,

The posaible relation of Reye's syndroms with the contami-
niition of food by aflatoxins is still debatable. Out of four
countries where this relationship was studied (Thailand, New
Zealand, USA, and Czechoslovakia) and where aflatoxin B, had
been found in the liver of patients, only Thailand is situated
‘n an area with & high frequency of contamination of food with
aflatoxins. The three following reports are noteworthy.

In Thailand, the autopsy of 23 children deceased as a
result of Reye's syndrome revealed considerable amounts of
aflatoxin B, (up to 93 gz/kg) in the liver, in the content of
the stomach and the intestines (up to 127‘fg/kg). and in bile.
Traces of aflatoxin B, have been also detected in other tis-
sues-brain, kidneys- and in the urine.

Reports from Cgechoslovakia present results of clinical
obsefvation of 27 children in thr age group from 3} days to 8
yoars who also died of Reye'r gyndrome. The disease was cha-
racterized by an acute onset. In some cases, brain syaptoms
prevailed and the disease lasted from 2 to 3 months. In suba-
cute cases, periportal fibrosis and the oroliferation of the

bile ducts were observed in the llver: when tho diseage con-
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tinued for 4 sonthes, there were syaptome of oirrhosis. In all

caaes, aflatoxin B1 was found lp liver tissues at a concentra-
tion of from 20 to 2760 ’g/kg; in three cases aflatoxin M,
was aleso found.

In 1979 Rayan and collaborators publighed results of an
analyesis of aflatoxins in the liver of 8 children with Raye’s
syndrome. In six cases, the concentration of aflatoxin 81
ranged from 2.23 to 17.33F/kg of the tissue. In two children,
during the acute stage of the disease, the aflatoxin was found
alao in blood at a ooncentration of 11.93 and 31.3 mg/mk. There
are reports of othe? investigators about cases when aflatoxin
B, was found in blood perum of pﬁtienta suffering from Reye's
syndrome.

Thus, available information makes it poasible fo conclude
that aflatoxins may play a definite part in the development of
Reye's syndrome in humans in some argas. At the same time we
cannot exclude the possibility that the pathological changes
psoculiar to Reye's syndrome, may lead to the disruption of
metaboliem and elimination of aflatoxips, thereby restaining

thea in hhe organism.
Epidemiological atudies

The results of studying a possible correlation between
the level of contamination of food producte with aflatoxine
and the frequency of primary cancer of the liver in humans

~are of cohsldernblo interest.

Primary cancer of the liv;r in Buropean countries compri-
lsea 1.2 per centlot all cancer cases, in USA 2.5-2.8 per cent,

in African countries 14%. The highest frequency of this dlsease
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is observed in Bantu males in South Africa (Mosambique): up to

68-77% of all canc:r cases.

Epideniological studiss indicate & correlation between the
level of daily ingestion of aflatoxins and the freguency of pri-
mary concer of the liver in sows parte of Xenya, Moszambique,
Swaziland, and Thailand (Table 8).

Most interesting are the data about the age distridution
of the frequency of primary cancer of the liver among the po-
pulation of Mozambique. It is noteworthy thr:t in areas with
a high frequency of th!s disease the peak is found in the early
age period =- 20-29 years, whereas in areas with a low frequency
of primary oaicer of the liver, the mordidity increased with
age gradually. This pronounced "juvenation" of pri:iary cancer
3f the liver may be explained by a greater susceptibility of a
growing organism to the carcinogenic action of aflatoxins.

Some authors believe th:t the virus of hepatitia B which
is widely spread in countries with a high incidence of primary
cancer 0f the liver may aleoc act as a cofactor in the etiology
of this diseane.

In atudies undertaken in Indonesia on 71 patients suffer-
ing of primary cancer of the liver, aflatoxins were found in
bilopay sasmples of the liver in 57.7 cases. Anamnestic data in-
dicated the consumption of contaminated food products, includ-
ing a prolonged daily consumption of peanuts. Aflatoxin B, was
found in samples of food products at concentrations ranging
from 17 to 1190 me/kg while aflatoxin G, was found at concen—
trations ranging from 5 to 630 p/lg.

In the United States, we know of a case when aflatoxin B,
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at a concentration of 520.F8/K3 of wet weight was found in

tﬁo liver tissue of a patient suffering of carcinoma of the
rectum and liver.

Published epideniologiocal studies are limited in volume
and, besides, they evaluate but one of the possible etiologio-
el factors: the influence of aflatoxins. There are no doubtse
that other factors , such as malnutrision, viruses, other my-
cotoxine, plant alkaloids, helminthiesea, may aleso play an
etiological or a modifying part in the development of ocancer
of the liver.

Conclusion

Thus, the observations of alinentary aflatoxicomsee among
farn animals in many countries and the results of numerous
experimental studies demonstrated that alfatoxins are highly
toxic compounds which affect mainly the liver. Acute aflatoxi-
cosis 1s characseriged by the development of necroses of hepato-
cytes and the proliferation of the biliary ducts; ohroniec into-
xication may entall cirrhosis of the liver and the development
of hepatomas.

Aflatoxin B, induces chromosomal aberrations and ruptu-~
res of the DNA in plant and animal cells, and in some bacte-
rial test syetems -- gene mutations after activation with wio-
rosomal en&ymatlc systems. High concentrations of aflatoxins
have a teratogenic action upon some epecies.

The biological activity o~ aflatoxins is denendent on the
ege and sex of eninals. The nature of nutrition, and primarily

the amounts of protein, lipotropic subatances, and some vita~
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mins, may materially modify the course of aflatoxicoses.

A correlation haa been found between ths level of afla-
toxtin B1 arriving with food and the 4&ncidence of cencer of
the liver in man, in areas with high frequesncy and high level
of oontaminétion of food products with aflatoxins and high
frequency of the primary cancer of the liver,

At the same time, the number of trendm in the study of
biologi-al activity of aflatoxins call for further q°velop-
ment. It is necessary to have a more detailed information about
the absorption of anflatoxins in the gastrointeatinal tract and
about the rate of their withdrawal from tissues. We find it
importent to study the modifying role of alimentary factors
and of other biologically active submtances in the manifesta-
tion of the toxliolity of aflatoxins. This aspact should be ta-
ken into consideration also in epldemioléglcal studies related
to the connaction between primary cancer of the liver in man
and intoxication with low concentrations of aflatoxins.

The supposition about the casual relation batween the
consuaption of aflatoxins and primary cancer of the liver in
man and algo about the role of aflatoxins in the development

2f Reye's sundrome requires a further substantiation.
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