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CARCINOGENESIS CAUSED BY MYCOQTOXINS
M.N, Volgerev

Mycotoxine, including aflstoxins {st lesst some of them),
are charscterized not only by potent toxic, but also by
carcinogenie properties.

Likewlse all other known chemigsl carcinogens, cercino-
gehic mycotoxins possess two epecific properties: they are
toxiec and they induce & necrosogenic effect on sensitive cells.
Carcinogenic mycotoxins are iho products of lower microscopic
fungi, thus,the taxicogenic and c¢srcinogenic strasins of the
above fungl infeet and contasinate food produce as if in its
*netural* environment; in the field, during etorage, etc.
Common occurrence of these microscopic mold fungi in nature
creates & possibility of ths existence of a "natural”™ and
considearable contamination of the food rew meterial, food
products and animal foddsrs. Ail ihis ecan represent a pathwey
for the penetration of cer¢inogenic substeances -~ mycotoxines
into the orgenism of man (or livestock snimals).

The pethogenic strains of Aspergillus flavus are known

to produce aflatoxine, st preseht, four toxic metabolites of

Aspergiilus flevus - aflstoxins B‘, 32 and Gt' 02 have bsen
identified., Originslly, these aflatoxins were isolated from
pesnuts. Nowerdays, they sre isolsted from meny food end
fodder products. Another two uetabolitea,- aflatoxins H, end
M, have been isoleted from mammalian milk.

The detgiled information on the chemical structure, phy-
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~ aical, chemicel, microbiclogical and toxic proparties of
afletoxine, ine¢luding aflatoxin B‘, is given in other lectures.
of the course.

How can we define the carcinogenic amctivity of the
above mycotoxins? A group of Experts of the International
Agency for Research on Cancer in Lyon discribed the following
group of carcinogenic metabolites of the lower fungi (Table l)fx
: Afletoxins are moct odequately studied., Based on multiple
investigations, tha existing pesttern of cencerogenecity related
to aflatoxins caen be formulated in the following way: "Afls-
toxins are cercinogenic for mice, rats, fishes, ducks, scme
priﬁatas; penetrating the organism through vsrious routs,
afiatoxins induce the development of hepatic, renal and colon
tumors, Epidemioclogicel studiea ahofed a positive correlation
between the rate of aflstoxin content in feood diets of studied
human popdlationa and the incidence of primary liver cancer.
' The above {epidemiologicel) studies were specially organized
to confirm the assumed corrsletion betwaen aflatoxine consumed
with food and the development of primery liver csncer. No
observationa, howsver, proving the relationship between a
qighar risk of liver cancer and the congpumption of aflatoxins
with food, were recorded in individuals {IARC, '979).

A cheracteristic feature of aflatoxin B, 88 a blastomoge-

x/ IARC (1976) Monographse on the Evaluation of Carcinoge-

nic Hisk of Chemicals to Men, vol. 10.
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nic agent consista in the fact thet thie very potent hepato-
carcinogen is capable, however, of inducing only hepatocellu{er
carcinomaa. In other words, of many varicus tissues only the
epithelisl cells of hepatic cords, i.s. h;patoeytea, are the
;argat for the carcinogenic effect of eflatoxin B1. P. Newbarne
end colleagues experimentally showed that a sinsgle dose of
aflatoxin 31 adminiatered to young mice cen esuse, sfter

sgmore or less long-term latent period, the development of
malignant hepatomsa, The aensitivity‘of hepatie ret cells to

the carcinogenic effeet.of aflatoxin B, is so high that one

1
can hsrdly spesk about the minimel effective dose for these
animel species es, for example, the concentration of aflatoxin
in the amcunt of 1/ug/kg of diet was found to be sufficient

to induce hepatomss in two end precancerous hyperplesia in
seven rats out of 22 ( Wogun, Newberne et gl.). If the diet

of the experimental rata contsined eflatoxin B’ in the emount
of IOO/ug/kg, hepatic and renallnedplasma developed in 100%

of the animales {ibid.). While afistoxin B' represents a very
powerful hepstic carcinogen, not all warm-blooded snimals are
equally aenaitive to it. Mice, for example, display high
resmistance and do not develop sither hepatic or other tumors
after receiving this careinogen per os. Int;eperitonoally-
introducead arlatoxin‘BI is known to induce lung adenomas in

mice, This should be remembered as well ss the fmct that sdeno-

matous changes in the Iungb of mice =nd rats ¢on develop due

to infectious diseases. .
Differentisting emimsl species by the degree of their
sensitivity to the toxic effect of sflatoxin B, will not
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_ ¢thanga, on the whole, in relstion to the cercinogenic effect
of this aflatoxin. High sensitivity ie observed in ducklings,
young turkeys, young male rats, some fish species (especially
Selmonidae), piglets, primates; mice and sheep were found
to be resistaent.

And what is the human sensitivity to toxic and cereinoge-
nic effects of aflstoxins and of afletoxin Bl’ in perticular?

. It wes only natural that from the outset of their
aflstoxin studies the investigators were particulsrly concerned
with the problem of primetial sensitivity to acute, chronic
and cercinogenic effects of aflstoxina. The initial notiona
about the resistance of the primstes hss been gredusily changed,
and, at present, sufficiently typical clinical and pethosnato-
mical symptoms of acute end chronic intoxicetions csused by
wdhmhmhmmddhmﬂn%,MWb“nuundmmEnw
riments og primates demonsirsted that aflatoxins wore also

. powarful hepatotropic toxine for these animal species,capsble

of inducing mamssive neeroses in the parenchyma of the liver.

in cases of eublethal injury such necroses were accompsnied

by considerable proliferations of tiny billiary ducts, by

qholangiofibrosia, development of the nodea of the hepatiec

cellulsr hyperplasia, snd by repiecement fibrosis. Such
changes also appeer in the liver of the experimentsl animals

as & result of the sdministration of such well known hepato-

carcinogens as ethionine, ethyl-anelogue of me thionine, and

asocarcinogens, Nevertherless, the guestion of the possibili-
ty of inducing hepati'c cencer in primates by the edministration

of aflatoxi&s into the stomach, remsin:d for some time un-
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solved., By the present time, a number of acientific papers has
teen published showing that in ceace of sufficiently dursble
delivery of aflatoxin B, or mixtures of seversl afletoxins
into the orgenisms of experimentsl primates, hepstic snd

renal necplasms can develop in some of the enimals if the
duration of the experiment is long enough {5 and more ysars).
An ismportent factor should be noted: in a number of experimental
studies these single cases when hepatic eancof developed in
primstes receiving aflatoxine were “g¢sught* (i.e. not over-
looked) by the inveastigators several yeers later when the
animals were fed with normal diet void of aflstoxin effect. In
such ceses the latent period of hepatic csncer induction in '
primates reached 6 (1) years.

Thue, the exiating date indicete the sensitivity of
primates to the carcinogenic effect of aflatoxins, and that
1ike in other animeles, their psrenchymetous hepatic tissue end
the epithelisl cellas of hopatie.corda repreasnt the target
orgens for the carcinogenic effect of aflatoxins. Naturally,
this factor is of a special significance in the estimation of
the carcinogenic risk of aflstoxins to man, The above factor
is extremely important, however, is not the decisiva one.
Carcinogenic aflatoxine are not by far oqu,;ly damaging even
for enimels of related species. We have already noted a sharp
dissimilerity in seneitivity of rats snd mice, While hepatie
cancer csn be indueed in raets by aflotoxin BI in 100% of
ceses, it does not develop in mice. The fish cen be taken as
another exsmple. Trout ies highly sensitive, however, the

=
£
& sensitivity of other Selmonidae is twenty times weaker (and in
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other fish speciea still more wesker). Hence, even 1f thsa
expsrimental cercinology possesged the factusl date on
the epensitivity of the hepatic epithelium of the primates
to the carcinogenic effect induced by aflsetoxina, we could
not view the conclueion thst these aflatoxins are powerful
hepatocarcinogens for man as sbsolutely correct, Nevertheless,
experiments were carried out, the results of which permitted
to assuma that the carcinogenic response of human snd rat
organisms to the effect of eflatoxins can be charscterised
by similar comparative indices (Shank, 1977; Carlberg, 1979).
The aflatoxin concentration of 1/ug/kg in diet is known to
be characterized by a 10% hepstoma induetion frequency in
rata, If 8 rat weights 250 g and dayly consumes 15 g of the
4diet, the dayly carcinogen (i.e. aflatoxin) intake will
gonstitute 60ng/kg bodywsight., The ianvestigations carried
out in Thailend demonstrated that the level of aflatoxin in-
teke reached 50 ng/kg bodyweight in humans. The above level
of afletoxin intake with foodatuffs ensured the 6:10 000 rate
of registration of primary liver cancer aﬁong the exemined
population groups. Thus, it is extremely significant to
_pursue atudies aimed at the determination of the existance
and correlation pattern between'the preasence of aflatoxine
in human food, possible doses of aflatoxin intake and the
incidence of mslignant tumors observed in such human popu-
1atioq groups.

The studies conducted in a number of devéloping countries

of the tropical zone showed thet the content of efletoxins
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in scme agricultursl products was quite considerable. Most
often peanuts end corn, being the maid food scurces of mass
consumption, were contmainated. In Thailapd, for axample,
during some years, up to 49% -of all teated peasnut samples

and up to 35 of corn samples proved to be infected and con-
taminated. At the same time, the concentration of mycotoxins
in the contsminated peanut samples reeched 6,5 mg/kg. As
peanuts are consumed in large quantitiea, representing slso
an ingredient of bebyfood fdir the children suffering from
melnutrition (mainly from Kwashiorkor and Marasmus), the faot
that considerable amounts of aflatoxin - a powserful hepato-
carcinogen - enter the human organism with food, cen be eon-v
sidered as proved. It should be noted that the above reports
pregent mean datam on the volume of food consumption by the
population. The individusl amounte of food consumed and, thus,
the volumes (doses) of aflatoxin intake -can be considerably
higher than the average ones, The inveatigation results
related to the aflatoxin carcinogenic effect on experimental
animals confirm the risk of human liver cancer occurrence
{Linsell, 1982).

The attempts to compare the results of the epidemiolo-~
gical studies of the levels of mycotoxin contsmination of
food products and raw meterials with the data on the morbi-
dity structure, and in thia particuler case, with the deta
on the frequency of the malignant neoplssm retes - meest s
number of difficulties, including that of determining actual
cancer incidence. Thus, it is partioularly interesting to

have date on the disemses thet are, on the one hand, are

I-4
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rather frequently and precisely disgnosed snd sre considered
to be pre—cancerous diseases on the othar. Liver cirrhosess
is one of such precancerous diseases when the problem of

the aflatoxin contamination of food and the frequency of the
malignant discases connected with the consumption of myco-
toxins with the food products is studied. However, not in all
cases liver cancer is preceeded by cirrhosia, but all cases
of manifested cirrhosis should be considered as ceses of ob~-
ligetery hepatic pre-cancers, the tresnsformation of which
into carcinomas is mainly the question of time. As various
techniques of life-time morphological end microscopie inves-
tigations of the liver, i.,e. the use of biopsy for disgnosis
became & routine procedure due to the technological advances
of the biopsy technology, investigations confirming the de-
velopment of liver cirrhosis in individuals, consuming
aflatoxin-containing food, present a considerable interest.
T. Campbzll, a prominent researcher of Xwashiorkoer (which ia
ceaused by protein-deficient food without manifested celory
deficlency), has been for a long time investigating the con-
sequences of the changee that occur in the liver of children
puffering from Kwashiorkor (possible restitution, development
of cirrhoeis and cencer, effect of trestment, etec.). The
children with manifested clinical symptoms of Kwashiorkor
and Marasmus (which is caused by the protein and calory de-
ficient diets) were investigated and the liver biopsy per-
forméd. In the course of the treatment of these malnutrition-
induced dipeaseas tpg children received, as a source of pro-

tein, peaﬁut flour which contained aflatoxin 81 in the con-
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centration of 0,7 mg/kg. The above investigator established
that liver fat infiltretion and fibrosis that occured in the
presence of Kwashiorker.may be restituted in the course of
trsatment. In his work on the effect of aflatoxina on hepa-
tic rehabilitation processea Campbell snd his collesgues
dlecovered thet the consumption of aflatoxin-containing food
was accompanied net by the restitution of fatty 1iVe£ but
by itas growtih into cirrhosis when the level of the histopa-
thological changes depends 6n the duration of the above in-
teke, No negative clinjcsl or morphologicsl syﬁptoma wore
reported when the afiatoxin concentration in peanut flour
equelled 15/ug/kg.

These results are confirmed by other atudiea on the
correlation between the lesionas of the liver and other organs
in children and adults and the aflatoxin contamination in
food products favours the development of liver ¢irrhoais in
chilaren and adulis can be considered as proved. It means
that food-contaminaiing atlatoxina are the substances thet
incresse the potential danger of hepatic cancer in man.

The study of the nature of the correlation betwsen the

level of aflatoxin contemination of food and the hepatic can-

cer incidence in men still confirm the noxious role of myco-
toxine, ‘

_In one of his reporte Wogan collected and analysed the
date on the eflatoxin contemination of raw foods and food
products, on the consumptiovn rate of such products by we-
rious population groups, on the amount of the toxin consumed

with the diet, on the incidence of oncologlcel disesses, ana
I-6 |
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primery liver cancer. As & result, a direet dependance be-
tween the prevelence and the rate of priméry liver cancer
and the levels of aflstoxin content in food products and
daily food intakes, wes estsbliahed, These facts are related
to such countries as Ugsnds, Kenye, Mosembique and Thsiland,
Such products as raw fooda and foodatuffs made of pesnuts,
corn end manioc were found to be dontaminated more often than
others. Rice, an important food source for Middle-Eest and
South~Egat countries, is less liable to aflatoxin contami-
netion, however, even this product, under certain conditions,
is "pusceptible* to sflatoxin contsmination.

while the anelysis by Wogen sounds convincing, one more
additional factor should be kept in mind: the sbove mentioned
eountries represent the regions where primary liver cancer
occupies, according to ite incidence, & leading place in the
genefal'group of malignant neoplasms, It would be, howsver,
incorrect to associate a really high incidence of primary
1iver cancer only with aflatoxin intake by the population
of these regions. Some time ago, & no less strong relation-
ship was esteblished between the high incidence of primary
_ liver cencer registered in the same regions { including the
south—Epat Aesla) with the high'viral hepatitis frequency
especially combined with melnutrition. Pokrovsky A.A., Krav-
chenko L.¥. and Tutelyan V.A, claim thet ",.. one cannot
igno;e the faet that in the development of hepatomes a cer-
tain role is pleyed by other mycotoxine, plant alkaloids,

virel infectiong, helmithiases snd malnutrition",
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Should we limit ourselves to a more simple question of
existing motivetion of causal role of aflatoxine {aflatoxin

B, in particular, which.is the main subject of the presesnt

1
discusaion) in the development ¢f melignant neoplasms, parti-
cularly eof primary liver cencer in man, ths answer seems to
be clear: under certain conditiona the damage brought to the
liver by aflatoxins plays a considersble and somstimes the
mejor role. If primary hepatic cancer in man can be ceused

by only one reason - by the'epidemic.hep&titia virus - thea
it is ae well possible for liver cencer in man to develep

aa 8 result of aflatoxin effect., However, is it possible that
cne and the same disease (human liver cancer) can be caused ‘
by both the virus and ithe toxin?

Aflatoxine are active cercincgenie compounds in relation
to liver tissmes; their carcinogenic potency to induce, in
some cases, the zrowth of malignent neoplaama located else~
where, has been also observed. We heve reports about afla-
toxin-induced careinomas of the large intestins. At present,
a problem of the dependance of the aflatoxin carcinogenie

action on the putrition pattern end, as it is commonly men-

tioned, on the modifying sction of food. Thias subject will

be discussed later. Meenwhile it is necessary to touch upon
carcinogenic effects of some mycotoxina induecing maiignant
extrahepatic tumoura,

Soms rice-producing snd rice-consuming countries faced
a problem of the "yellow—¢plorad® rice, the eolouring of
whieh wes due to its contamination by the mioroscopie mold
fungus Penicilliuvm islandicum. It wes sstableshed in the

I-6
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sexperiments on rats fed on the "yellow-cclored" rice diet
thet in the course of long-term consumption of thia rice he-
petomaa csn develop. Luteoscorin snd ecyeleratin - the produétu
of the metabolism of this mold fungus - ere c¢ercinogenic for
mice (in cpntrast to aflatoxin B1) and esn induce various
tumpurs, including reticuloendotheliomas.

Sterygmatocystin which is produced by mycelie Aspergillus

verajicolor and Aspergillus nodulens is carcinogenie both for

mice and rats., When administered orally, thies mycotoxin in-
duces pulmonary adenomas and cdenocarcinomes in mice and 1i-
ver tumors in rats. Skin application of this mycotoxin results
in the development of papillomas end tumors of various loca-
lizations,.

Patulin which 1s produced by the culture Penicillium
claviforme contaminates epple juice and cider snd is proved
to be an‘activo carcinogen inducing sarcomes in experimental
animele when administered subcutaneously,

Ochratoxine (4 and B) which are produced by Aspergillus
gchraceus and alao by other Aspergillus strains are not carci-
nogenic for mice but are cercinogenic for rats, inducing ma-

lignant tumours of the connective tissues in the latter.
Ochratoxin A (and seildom ochrat;xin B) are found to be conta-
ainants of foodetuffs, to posseps mutagenic activity, ﬁovaver,
there ere no deta confirming their carcinogenicity for man,

Trichothecenes, Our knowledges involves multiple inves-
tigations on various manifestations of these mycotoxins'

. toxicity for animnip end men, Their carcinogenicity relsted

to humans, however, has not yet been documented,
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Thus, among active carcinogenic mycotoxine, there are
substances that induee malignant growth of ynrinuu epithelli-
al and mesenchymal tissuss in different enimal species, Some
of thewn are toxie, and are more likely to be carcinogenie
for man.

The discovery of one more group of active e;rcinogenic
substances (oncology deals with hundreds of various carcino-
gens}, naturally, represents a major event, The role of Byco~
and sfletoxins in the proceas of malignent neoplasms is de-
termined by the knowlsdge of these substances’ metaboliem, By
the dependence of their metabolic phenomena and chemical
transformationa on food metaboliem »rd, {inally, it is deter-
mined by the level of the knowledgs of the carcinogeniec myco-
toxin effect related to cellular devesion and csllular and
tissus differentiation procesaes.

A1l investigetors admit that toxic and carcinogenic
effscte of myco- and aflstoxins depend, to a great degree, on
the total sum of mstabolic transformations caused by the to-
xin and that occur in the system of microsomal multi-terget
oxidazes. This aystem detoxicates snd deconteminates various
xenobiotice and foreign chemicsl substences.

It is known thst the system of nonspecific mierosomsl
oxidazes that exists or is induced in different tissues of
man snd enimals enaures the metabolism of multiple foreign
substances, including c?emical carcinogens. Metabolic trane-
formestions of chemical ¢arcinogens sre associated in thia
case with varioue manifeatations of their biological activity,

Finally, it is known that various chemical subatances
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entering the inner medium of man and animsls stimalate (in-
duee) the synthesis of nonespecific microsomal oxidazes
ralsing the activity of the above snzymic system in tisaues.
Meny chelical substances that display a veriety of biolngicel.
adtions (drugs, pesticides, carcinogens, hormones, and othars)
ean act as auch *inductors".

It should bs noted and remembered that many investiga-
tors have sstabliehed that the intensification of metaboliam
of chemlcel carcinogens by the system of microsomal oxidazes
may bring out the following resultias:

1. More rapid deccmpesition »nd detoxication of a carci-
nogenie subatance,

2. The manifestation or the intensificstion of the toxie

atilon by a cercinogenic substance.

%, Thoe mznifestation or the intensification of the blaa-

tomogenic activity of a carcinogenic substance.

It has been established (aleo for mycotoxins) that the
capsbility of chemical substance ‘o induce microasomel oxlda-
ge8 1s not connected with their cercinogenice activity; en
attive carcinogen and a noncercinogenic compound may both sact
a® squally powerful inductors for the system of microsomal
oxldazes.

The ¢ercinologists do not consider the manifestations
of cytotoxic activity of verious chemical carcinogens apart
from their carcinogenic activity. Such changes of the cellular
structure end func¢tions as necroses, membrane injuries, dis-
turbances of cellular divieion, changes of enzymic spectra

« 811 these factors are now related to major masnifestations



-15

of the progressing malignant cellular process. Cercinogenic
mycotoxins fully peosasss thess cytotoxie pqoportioa.

One must remember that for sny, saven the most powerful
chemical carcinogen (snd this is totelly trues in respsct to
cercinogenic mycotoxinal), the complete cycle of carcinogene-
asis, i.,s. the formation of malignant tumour, presupposes
somes proportionelity of the detoxication sml deconteminetion
processes, on the one hand, and the development procesnes
of the toxic and carcinogenic metabolites, on tha other. A
rapid discomposition leads to the ramovel of carcinogenic de-
rivatives from the organism, void of the blastomogenic effest,
A considerable increase of toxie producte lesads to esrly ani-
mal death before the process of carcinogenesis is completed.
"The multi-target microsomsl oxidazes lack any specificity,
thus complicating the forecasat of the direction of biological
activity related to the developing metabolites. Besides, one
éannot eliminate the impact of various aide-factors such as
apecies and sex variations, the functionel ateate sf animals,
diet composition, ete*. (B.L. Rubenchik), '

The dependence of the final action of carcinogenic afla-
toxine on the "balance” of detoxicating end sctiveting (toxiw
city and carcinogenicity) mycotoxin metabolic processes
oceurring in the syatem of nonspecific microsomsl oxidazes
has been reflected in recent publieatione in the following
way. A.A, Pokrovsky in ?in book "Matabolic Aspscts of the
Phamacology end Toxicelogy of food® (1979) wrote (pags 124):
"Despite some controversial results, an impression is being

formed that in the process of aflatoxin trensformation the
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development of new compounds with leses pronounced toxie pro-
pertiss is taking pisce in the orgsnism... Thus, preinjection
of phenolbarbital to the experimental animals which induces
the activity of microsomsl oxidazes with the mixed function
conaiderably diminishes the aflatoxin toxiec effect which ia
displayed in the decressed inhibitory section of aflatexin 8,
on the RNA synthesis, ... in the prevention of the develop-
ment of hepatie necrosis and in the reduction of carcinogenic
properties of aflatoxin B; in cases of chronie intoxications..}
"At the sume time, the adminietration of en inhibitor of
picrosomal oxidezes SKF 525 A contributed to the development
of manifested morphological hepatic trensformations under
aflatoxin effect..., In young snimsls... in csses of radicel
reduction of the protein content in the diet and in cases
of A vitamin deficiency an incresse in the sensitivity to
the toxic sction of aflatoxin (mgainst the background of de-
creased activity of microsomel enzymic systems) was obaerved,
howaver, salongside with it, in some ceses the freaquency of
hepstoma development was reduced...

Recently, there has appesred more sltermative dets point-
ing at possible formation, st least in some ceses, of evan
more toxic metabelitea than aflatoxin By

Thus, the varisbility of the system nonspecific miero-
somel oxidases pr.d.tarniﬁ.-, to a great degres, the bi;losim
eal (and carcinogenic) mycetoxin effect,

‘However, the question of the metive carcinogenie fora
of aflatoxins that -appesr in the process of the toxin metabo-

1iam, deserves considerable attention,
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Here, the following should be noted.

In the apescislized literature it is mccepted to diffe-
rentiate chemical carcinogens into 'diraet“or " gsnuine”
earcinogens that can induce malignant growth without any addi-
tional transformations, and "secondary” or "procarcinogens”,
which are transformed into blsstomogeniec letaboliten resuli-
ing in blestomogeneseis. Many new carcinogenic metabolites
are being discovered, hence, the number of "direct" carcine-
gens 1s reduced while the number of "secondsry® carcinogens
increases., And finelly, the snalysis of the metabolism of
initial forms of "secondary"” carcinogens (i.s. the precarci-
nogens) led to the discovery of intermediate {proximal)} and
terminal carcinogens. It was found that interﬂedinto carcino-
gens possess in the first respect a more menifested blasomo-
genic smctivity (compared with their initiel chemical precur-
sors), snd, secondly, they displey a less pronounced tropisa
of action. "Terminal® carcinogens possesa these properties
even to a greater degres,

It is the letter, i.e. "terminal™ metabolites of chemi-
cal carcinogens that display the existence of a reactive
slectrophilie centre « the atom with @ missing elseetronas,
Thie electrophilie centre is involved in the resction of car-
cinogenic lesion with negatively charged moleculs particles
of nucleic acids or proteina,

Now let ua go back and consider the problem of the aoiivo
carcinogenic form of nfiatoxina emerging in the process of
their metabolism,

Some researchera think that, likewise other carcinogens,
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the active forms of afletoxine B,, G, and ¥_ can repressnt

1 1 1

their epoxides, Tt is believed that the double bond of the
terminal furen ring of the molecule of sflatoxins Bt' Gl and
M, whieh are most toxic in the aflatoxin group, can epoxids.

¥hile the molecules of aflatoxins B, _and G, possess no such

double bond, thus, according to theatheory, their biologlieal
activity is much lower.

Animal investigations and experiments on human and animal
cells showed that aflatexins, like ether hepatocareinogens,
inhibit the &ynthesls of DNA, RN end protein. It was found
that the actlive electrophilie netabol&}c of eflatoxin binds
nucleic acidas and poiynuoleotidol-

14+ was established in the laberatory headed by A.A, Pok-
rovaky that sflatoxins impair lysosome membranes; moreover,
this membrenotropic mction was observed only in rats (i.e.
animals sensitive to aflatoxin action) and was net found in
resistant enimals (mice, sheep), In this connection, A,A. Pok-
rovaky believes that afletoxin carcinogenicity 1s related to
two effects of their toxic aection; 1) with the impairment of
1ysosome wembrsnes accompanied by the reiease of hydrolazes
favouring the toxin penetration into the nucleus; and 2) with
the interaction of the toxin active metabolite with a DNA mo-
lecule,

It has baon~uentioned before that the presence of afle-
toxin B, in the dlet leads to the development of malignant
hepatomas in 100% of experimental enimaelas. In case of long~
term sdministretion of the sfletoxin and the consequent long-

tera latent period, the formation of rensl carcinomes was ob-
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served in rats. The tests were performed as follows: aflato-
xin B, was added into the diet which was fed to the animals
during 147 days. Then the animals were put back to their
ordinary feeding and reasined under observation till their
natural deaths. Renal carcinomes were reported in 57% of ca-
s2s in the rat group fed on the aflstoexin diet in the amount
of 1,0 mg/kg; in 28% in the group with the aflatoxin amount
of 0.5 mg/kg, and in 23% with 0.25 mg/kg of aflatoxin,

The morphogenesis of hepatomas caueed by the aflatoxin
is of the same character as in cases when tumours ars induced
by ethionine ( which can slso cause only hepsatocellular car-
cinomas): the formation of proliferation_foci of hepatic
epithelium: hyperplasis nodes - adenomas - hepatomas.

It should be noted that aflatoxin B, is characterized
by mutegenic propertisas csusing all manifeastationa of chro-
mosomal abberations in plent and animal cells, as well as gens
mutations in microbic test aystems. It ia significant that
the mutagenous affsct of this toxin is not menifested in mice
{ resistant to toxic and carcinogenic actions of aflatoxin
B,

Of considerable significance is the question of the mo-
difying effect of nutrition on mycotoxin-inducead carcinoga;
nesis, The following facts have been revealed.

The lipotropic-deficient diet of sxperimental animals
inhances the carcinogen%c effect of aflatoxins, The addition
of choline end methionine to the diet inhibited, howaver, diad

not prevent the induction of hepatomas and the very procesa
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of carcinogenesis.

The protein deficiency {5 of cssein) contributed to
the intensification of intoxication symptoms. The animel
death 1imited the period of tumours growtih., Under moderate
protein deficlency (9% of casein) the number of hepatomas in-
ereases compered with the group of animals receiving 20% of
protein,

The dats have been collected indicating that under the
conditions of protein-deficient food with a deficlent content
of some essential sminocacids, no hepatomas developad, but
in rats fed in aflstoxins, carcinomas of esophsgus snd the
pancrsas were dutectid.

Thus, the nutriticnal pattern considerebly influences me-
tabolic processes and carcinogeniec effects of aflatoxina.

In conclusion the following should be emphasized. Bioche-
mical and morphologiesl processes of carcinogenesis induoced
by mycotoxina have, according to the indicetions meaningful
for tumour development, a considerable similiarity with
earcinogenssis ceused by othar chemical carcinogens. Among
mycotoxine there sre some very potent carclnogens. The sva-
luation of the carcinogenic activity of these toxins eppears
10 be related, to a certain degree, with two specific mycoto-
xin properties. The first conaists in the demsging mycotoxin
action on cellular -anbr.n;o. The second reprsasents a depsn-
dence of the carcinogenic effect on that of alimentary fac-
t{ors. Thus, the model of mycotoxin cercinogeneais presents
an exeptionally high interest for the investigators engaged

in the field of cancer research,
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Addendun
Teble 1. Carcinogenic-active mycotoxins identified by
the JTARC Group of Experts

Ne. Texin Fungus Contemi- Animael species. Loe¢alise- Careino-
" producer nated Mode of smdmini- tion and geniecity
producte stration type of for snl-
tumour mals
1 2 3 4 5 6 T 8
t. Aflato- Aspergi- peanuts, wmice per os v} -
zin By lius beans, rats per o8  hspato- +
fiavas careals esllular
(less fre- . cencer
quently {seldom
rice) intestinal
and antral
tumours)
fish per os hepatomas +
) duck- per o# -" - +
lings
primates psr os - * - S
mice p, perit.lung sde- +
nomas
rats p. perit. hepatomas +

2. Aflato~ Aspergi- peanuts, rats per os hepatomas T
xin B, 1lus beane,
flavus cereale trout per os - - +
(lese fre-
quently
than with
aflatoxin

Bi)




Table 1. {Cont.)
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1 2 3 4 5 6 T 8
%« Aflato- pspergi- peanuts, rats per o8 rensl tu- +
xin G, 1lue beans, moura,
flavas cerenls hepatonss
(lese fre~ trout per o8 hepatomas +
quently
than with
aflatoxin
B,)
4, Luteo~ Penlcill- cersals, mlce per ¢os hepatomas +
scorin ium is-  especi-
landicum ally
rice
3. Cycle— Penieiil- - - mice per cs hepatomas +
chlora~ ium ias~ and reti-
tin landicum culoendo~
theliomas
&. Grlseo~ Penicill- soya besn =mice per os hepatomas +
fulvin ium gri- paste sub.cut.
seoful vum }
urticee,
Patulinum
and cthers
T. Ochra~ Aspergil. cereals, mice sub.out, 0 7
toxin A ochreceus beans, rats eub.cut. fibrosarcomas 7
and other peanuts, ’

Asperglll, malt,

and Peni-
eill,

beer




Table 1. (Cont.)

1 2 3 4 5 6 T 8
8, Patulin Penia. apple rats aub.cut. sarcomss 1
clavirorme juice,
expancum  cider
and others
9. Penicill- Penicill- cereals, mice sub,cut, sarcomas T
in scid¢ ium {ve~ beans rats sub.cut.
rious
species)
10. Sterigne- Aspergillus solami mice per os lung adeno- +
tocystin versicolor, sausa- mas and
nodulans ges, carcincmas
corn, rats par os hepatomes +
coffoe aub.cut. tumours of
various
localisations
per.cut. skin papi-
llomas
(appl.) hepatomas
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