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Knowledge about afiatoxins has developed during an era
of increasing avereness of the importance of natural as well
as man-made chemlioals ap environmental contaminants (SHabad
et al. 1976, Heathoote'a. Hilbert 1978, Reisns 1971, Higginson
1963, Chaelin 1979), Diacussing the role of geografical pa-
thology in environmental cancerogenesis, Higginson {1972)
points to the fact that approximately 80% of the tumore ocou~
rring in North America today are conditioned by out present
savironment, One of the faotors of this eavironment although
not the first, is aflatoxin. ‘

The faot that pome food-spolage fungi are oapable of
producing mycotoxine hae been recognised for a long time
{Cardeillak a. Nair 1974, Rees 1966, Alpert ot al. 1971,
Perrando a, N'Diaye 1979, Kleibsel 1977, Jemmali et al., 1969).
However, the importance of toxio mold metabolites as food
contaminanta, used to be evident principally t¢o veterinari-
ans, who fraquently encountered outbdreaks of poigoning of
farm animals.

Zhe story of aflatoxin pathology beging almost as &
fairy-tale. "Once upon a time®, in pa:ruéuhr 20 years ago,
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there ocourred the death of some 100,000 turkey poults in
England. This af the beginning, designated as "I" diaea;e,
was also found to affeot duclinge, pheasants and other farm
animals; involved liver necrosis, bileduct proliferation,
haemorrhage, and in fish was characterised by the develop-
ment of hepatomas (Sinhuber et al. 1976). Since then it was
postulated that in all animals polsoned by aflatoxin, the 1li-
ver was the primary, if not the only organ, speoifioally
affected.

The histologiocal changes varried from hepatic necrosies
to liver cell dysplasia and the development of tumors (Wogan
1973, Butler 1966, Deo et al. 1970, Boshnacova 1979). Cuth-
bertason, Lausen and Pratt (1967) fed 1.8 ppm toxic groundmat
meal to cynomolgus monkeys; the animals survived for 3 years.
Cirrhosis and liver dystrophy were induced, but ne tumors.

In khe wean time afletoxin has been found in many food-
gtuffs including peanuts, soya beams, cornm, rice, wheat,
barley, cotton seed and others, when stored under conditions
favourable for the growth of fungi, but Purchase (1967) was
unable to show & relationship between the incidence of hepa-
tio oarcinomas and average temperature ot humidity in South
Africa, On the other hand recent epidemiologica surveys in
3 climatioally different areas of the Muranga district of
Kenya showed an asescciation between aflatoxin levels in food-
stuffs and the incidence rate of liver tumors (Peers s. Lin-
sell 1973). It was established that there was significant
sorrelation between the oaloulated ingested daily dose and
adult mail inoidont;e of primary liver cancer in different



3517

-3

parts of Swaziland, Afrioa. Samplas of foodatuffs other than
the plate pamples reflected the same oorrelation (Peera et
al. 1976), which supports the hypothesis that aflatoxin inve-
stigation is & factor in the genesis of ﬁrimary liver cencer
in Africa,

Rensburg et al. {1974) reported that eflatoxin canpump-
tion by Africens living in the Inhambane distriot of Mozam-
blque was as uniguely high ap the incidence of liver cancer
in this area., There was also mostrly the same assoolation
between aflatoxin oontent of food and hepatoma frequency in
different tribes in Uganda (Albert et al. 1971). The highest
inoldence - 15 ceges per 100,000 per year was found in the
Keramojong tribe, where aflatoxin contaminated 44% of the
investigated food asamples.

Turning to Aasia, the ploture is a bilt different. In
Theiland 49% of peanut, 25% of corn and 11% of millet and
dried chill pepper samples were found to contain significant
amounts of aflatoxin B1, Comparing the data from three diffe-
rent parts of the country, there was a correlation dbetween
the amount of aflatoxin content in higheet valuea in the food
and the highest incldence of liver cell cancer (Shank Wogan,
Gibson 1972, Shapk, Bhamarspravati, Gordon and Wogan, 1972,
Shank, Bourgeois, Keschemras and Chadawal 1972).

Data from China phow also high incidence of liver oancex
(Wellmann, Gerstmann 1979)., At the end one should point alsec
some review data amccording to which liver tumor prevalence
shows a remerkably variable incidence in different parts of
the world, acoounting for 0.5% of all post mortems in Burope

I-2
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and as much As T4 some aress of Africa eand Asia. Among the
main ethiological factors, s high contamination grade with
aflatoxins ig underlined (Bretholz, 1979).

In addition to their importance ap publioc heaith hszards,
the aflatoxine are useful for investigation in experimental
chemical cercinogenesis, as they are highly substituted
coumarins, Aflatoxins are produced by only & few atrains of
Aspergilius parasitious fungi, whose spores are widely dia-
tributed, especially in scil. When they owour as food con-
taminants, aflatoxin from the "G" serie ias not 8o froquent
but the absence of "B1" is elmost impossible. As & matter of
fact the mold oan produce aflatoxins on virtuslly any food
that will support growing, but in this caese many other fac-
tors have alao to be taken into acoount.

Before going to the morpholegy, some aspects concerning

canoerogenicity and bilology in general should also be men-

tioned, although in brief, Firatly we have to remember that
notcompletely refractor apecles to acute or subacute aflatoxin
poisoning is known. In domeatioc animals, symptoms of poimson-
ing are produced by aflatoxin levels in the food of 10-100 mg
per ig (ppm}, or less. As regarde lethal potency to experimen-
fnl animala, the oral or parenteral LD50 values are generally
in the range 515 mg/ly body weight for afl, B1 (aflatoxin B1),
the main target orgen being the liver (Butler, Barnes 1968,
Cameron et al, 1976). Adminiaetration of the toxin to rates is
quiokly followed by pronounced Inhibition of INA and RNA po-
lymerases in liver; similar responses have been observed in

human and animel cell cultures. Protein synthesis ia also
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impared, particularly under conditlions where synthemis 18
strongly influenced by alterstions in messenger RNA synthesis.
It seems that polymerase inhibition is an indirect conseguemnce
of impared template aoctivity of chromatiﬁ. due to toxin-ohro-
matin interaction. Consequently, interaction between afl., or
some of it derivatives, with RNA or ancther component of ghro-
matin i view ap the initiating event in the obmerved meries
of reactionas.

Apnother line of evidenoe ocomes from the effect of afl,
on the E.R. {endoplasmic retioulum) and thereby alter polyso~
mal binding to the ergastoplasmic membranes. May be in this
connection one can discuss elso the next problem - aflatoxio’

cancerogenesis and nutrition.

Becnuse of the posslbility that exposure to aflatoxina
could ocour in humasn populations suffering from malmutrition,

thie problem has been investigated not only in human but also

in experimental pathology (Wogan 1975, Krustev 1972, Galikov

1969, Bobrov 1976, Shabad et al. 1976).

The effect of dietary protein has been evaluated i Adif-
ferent studles, but with some what contradioiory results.
Madhaven et al. (1365) end Gopalan et al. (1972} found that
rateafed a low (5%) protein diet were sensetized to the toxic
effects of atl., but developed liver tumors at a lower inoi-
dence than controls fed 20% protein ration. On the other hand
Newberne et al, {1966), Wogan, Newbernme (1967) found that ai-
ets conlaining 9% protein resulted in higher incidence of li-
ver tumors in a ghorter period of time than & dlet containing
22% protein when both groups of rates were intubated with the

I-3
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game gquantity of afl., B1 per animal.

Quite interesting also the changes in the ultrastructure
of liver cell caused by afl., included intc adequate rationa
containing 18 and 4.5% of protein reapecotively. In an acute
experiment on reta, Pokroveky et al. (1972) found that ths
toxic effeots of afl. were intenaified by protein deficiency.
The normal protein content in food however lowered thls toxis
effact and pimultaneously intensified the carcinogsnic effect
of afl,, although to certain extent, Electron microascopy re-
vealed preneoplastic changee in the hepathcytes at the early
period much the same ms those induced by other well-known
chemiocal hepatocarcinogens. A faw years earlier M¥adhaven,

Rao a&. Tulpule (1965), and Madharen at al. {1965} found that
high protein diet had preventive effeoct towards that of afl.
on the liver of mankeys, while Smith et al. (1971} came to the
sams ooncluslon ooncerning broiler chicken. Still more this
group pointa to the benefiocial effect of high 1lipid content

of the food intake.

Anothar aspect of the_problem conoerns the role of defi-
clencies of choline, methionine end other lipotrope factors.
Rogers and Newberne (1969) found that marginal lipotrope
ﬁafioienoy proteoted rats against doses of afl,B1 that were
lethal to 60-100% of rates on an adequate dlet. On the dther
hand, when treated with a carcinogenio regimen, snimals with
& lipotrope deficienoy developed liver tumors much earlier
and at a higher frequenocy than did control animals, One ocan
easily deduce that the meohanism respocible for this inter-

actions are hardly to be claimed as understandable, even now.
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%hen we came to the man, it ocould be stated that lesser
degree of protein and cother nutrient defiolencies, which are
common amongst sdults imn the troplos, have an enhanoing role
in carcinogenesis as they do in pome animﬁle. Kwaespchlorcor
alpo affects other organs in the body, notably the limphore-
tioular aystem; atrophy of the thymus and limph nodes, were
found in untreated cases at autcpsy (Mugerva, 1971}, This
would render apparently healthy adults more susceptid to
infection with oncogenic viruses and generally, less able to
withatand tumor genesis by any agent including aflatoxins,

The immunopathogenic effect of afl, is alsc well 1llue-

trated by the fact thet afl. reduoces the titres of the oom-
plement in guinen pige {Thurstin et al. 1972). Some papers
even postulate e new role for afl, in the production ot hepa-
tooellular carcinoma, Rather than ecting as a primary ocurolno-
gen, as 1t seems to do in animala, 1t is puggested that afl.
pupresses cellemediated immunity. This effect on the immune
system would allow the hepatitis-P virus, highly endemio in
certain populations, to maintain iteelf more easily in the
liver, to produce more chroniec infeotion end oirrhosis, and
in the long term to lead to e highex incidence of hepatocel-
1ulnr carcoinoms (Lutwick, 1979).

Several words concerning aflslorin metabolism. Experi-
ments with the 14-C~labelled toxin ilndicate that more than
90% of m single dose 1 exoreted within 24 h by rata. Feaces
rapresents the principasl exoretory route - 75% of the dose,
with urine - additionel 15-20%. Reteined ectivity is present
mainly in the liver {Cameron et al, 1976}, This pattern of

I-4
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tippua distribution and excretion 1s generally similar in
rodentga, nonke:;ra and other speclea given a single dose 1.
peritoneally or orally.

Hydroxylated derivatives of af1.B1 are formed through
peveral routes., Ring hydroxylation at the 4 position produc-
ing i appears to be a common pathway. Thie derivative has
been found in milk, tissue, urine of animale and pecple in-
gesting arfl.B1. Ring hydroxylation of the carbon atom B to
the carbonyl function of the cyoclopentenone ring to form
afl.Q1 was recently discovered in minkey liver preparationa
and repreasent the majJor in vitre conversion by human mioro-
momes. However this pathway paems to be of only minor imper-
tance in rodents, still more, rodent liver microsomes convert
the toxin to its reactive 2,3-oxide, which has been trapped
ag an RNA-adduct (Garmer 1980). One should no%t forget also
that soﬁa metabolites of afl,.B1, retaining the vinyl-ethasr
funotion, such as afl,Mt, afl. 1 or afletoxicol, could alse
be epoxidized and some of these epoxides might resct with
nuoleic acids, These other adducts may be minor in amount
(less than 10% of the total bound afl.B1), but may be extre-
mely pignificant biologloally,

It appears reaponable to speculate that the extreordina-
ry oarcinogenio potenocy of afletoxins may be due to its rela-
ted capacity to inflict multiple molecular results on target
oells (Mainigi, Sorof 1977); to the ohanges in the metabolism
of nuolear RMA and particularly to the diminution of the nu-
olear REA-polywerase aotivity es well, as to those in the
metabolism of RNA (lafarge, Praysinnet 1970, Friedman et al.
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1970, Pokrovsky 1372).
What are the pathohistological and histocemical findinge

due to aflatoxine? In an experiment carried by Kalsngayl and
Desmet (1975) male rats were treated by gastric intubation
with a single dose of afl.B1, lethal to 50% of animals (7.20
mg/ip) . An early peiportal liver cell necrcsis was asen, that
wes fully developed in rats examined at thirs and sixth days.
This necrosis pubsequently regressed and disappeared in 1i-
vers of rates killed from 11 te 32 daya and later, but many
large polyploid 1iver cells (megalocytes) were meen. A deple-
tion of glycogen and mArked deoreass of oyteplasmio RNA gocur-
red early in the periportal region and subsequently extended-
to the whole liver lobule. There was also fatty infiltratien.
Turing the period of periportal neorcsis, acld phospha-
tase eotlvity increesed in the pame area with the appearance
of typleal acid phesphatase tloh cytosomes. Exoopt‘tor the
acid nucleases, wpich wers practiocally unchanged all over
enzymes-ATR-ape, glucoso-6-phosphatase, glucoge~6-phogphatane
dehydrogenape and sucoinate dehydrogenase decreased or dis-
appeared Iln the periportal area; but alealine phosphatase
showed a striking inorease in the centrolobular area. When
parenhymal necrosis was subsiding, the enzyme sotivities
progressively returned to the normal state. However the mox-
phology of cansliculy still remeined strongly altered up to
6 monthe &s revealed by alcaline phospheatase. When periportal
necrogis was maximal - at 3 days, the biliary proliferation
wee still discrete, but et the 6th and 11th day extensive
bitisry proliferation with ductular differentiation was to

1-5
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be seen. On the 6th day there were alac some oclusiters of spmall
and bagophilic regeneration liver cells along the aress of
neorosis and billary proliferation, Well developed regenera-~
tive foci ocourred only from the 11th to the 32nd day, but
were almost abgent at the 3rd month. This regenerative focl
showed a variable content in glycogen and RNA and were charac-~
teristiocally enzyme deficient, which reflects the immaturity
of regenerating hepatooytes.

Mush the same were the resulte of Pokrovsky, Meshkov and
Kravchenko (1972) who studied the histological, histochemioml
and biochemical-enzymologic changes of the liver of rats ex-
posed to the acute action of a mixture of aflatoxin D and G.
Even on the 12th after the gastric intubation of afl., there
were some necrotio foci in the liver lobulea., Around the 24th,
' periportal micronecrose were formed whioh grew te zonal ne-
erosia with infiltration by neutrophilic leucccytes and mono-
cytes, On the T2nd hour, in the periphery of the nearotie
tool appeared more hystocytes and fibroblaatas; on the 96th -~
some oval cells emerged and on the Tth day the piocture was
dominated by the proliferation of bile ducts. As hould be
) axpeoted there was the drop in the glyoogen and RNA content
of the gepatooytea at the earlj periods, as well as to corre-
lation between the bilochemioal and morphological changes.
Progress 1in neorobiosis of the liver parenhyms was accompa-
nied by a considerable activation of the acid hydrolases.
Rise of the aotivity of lysosomal enzyme waa noted already
during the first hours following the administration of afl.,

and as a rule prooéded the deagtructive alterstions of the 1li-
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ver.

Kalengayl and Desmet (1975) carried alsoc some chronie
experiments. They treated by gastlo intubation male rats with
50 micrograms of afl.B1, twice weekly for & weoaks, and there -
after with 75 micrograms iwice Q week for the subsequent 10w.
The livers of the anlmals were inveastigated histologically
and hilstochemically aloang the above menticned parsmeters on
the 3, 5, 8, 15, 2%, 35, 44, 51, 81 and 86 w after the begin-
ning of treatment. The results showed that the livers of the
afl.Bl-intoxicated animals killed before 15w had no signifli~
cant changes. Many "neénlooytea' wore alweys noted from 44w
onward, FProm the 15w onward, multiple amall fool of liver
cell hyperplasia ecourred; these fool progressively inoreased
in number and aite and became moxre and more distinot and ocom -
pressed the adjecent parenohyma, thus corresponding to resl
microscopic nodules ranging from 2-5 mm in diameter. Three
morphclegical types of such areas oculd be distinguished:
focl and nodules ;ypa 1, ocowmpoged of small or large olear
veouoleted liver cells ahowing some pyonoilo nuclel; type II -
with small hyperbasophilic hepatooytes, sometimes with mitoses;
abd type III - comprising large eosinophilioc or pale liver
cells in which mitotlo figures and aoifophilic inclualons
oould be aeen.

The histochemical pattern of oytoplasmio RNA, glycogen
and fat in these hyperplastio areas was quite variable from
one type to another and even within the same area. However,
all 3 types of fool and nodules exhibited a marked bur varia-

ble deoreams of even complete losa of enzyme aotivitiea, but

-6
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oooamsional liver cells with enzywme motivity could be seen in
these laesoins, Some histochemical-histologlcal discrepancy
waa observed in different sacrifice periods. Even when liver
tumors were developing, hyperplastic and enzyme defioient
areas could still be geen in the nontumoral parenchyms,
although they became less numerous.

From 44 w onward, liver cell carcinoma ccourred. They
were multicentric, variable in size, and solid or oystic.
0f all the rats that were completely dosed, 69% developed
malignant hepatomas. Histologiocally the predominant type
(69.56%) was the pure, well-differentiated liver cell conrci-
noma; other types were heterogenecus or mixed, and they dis-
olosed areas of well-differentiated liver cell carcinome al-
ternating wth either less - differentlated or cholangloma-
teous areas, or both, Metastases were noted in the lungs and/
or messnteric nodes in 4 enimnls., They all showed histologi-
oel features of pure well-differentiated liver cell carcinoma.
REA, glycogen and fat content in the tumors were variable,
All the liver cell oarcinomas showed abaenoce or decrasse of
enryme eotlivitiasm as obeerved in the hyperplastic ereas,
exospt for glucose-6-phosphate dehydrogensse and alkaline
phosphatase, whioh sometimes showed aonial features,

In soms other sxperimenis feeding of maie Fisher rata
with a diet ocontaining 4-5 ppm of afl.B1 for 6 wm followed
by return to oontrol diet, results in 100% incidence of hepa-
tocaroinoma (Judah et al. 1977). During the first 3 w histo-
logloally there was an actually toxic responce with death of

s large proporiion of the hepateoytes and depressed nucleio
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aold aynthesis in the rat liver. It is interesting that in
the above mentioned sxperiments there was no underlying of
the famliliar for large part of the literature abbundance of
"ovael oells® on the 3-4 w of afl, intoxicatims {(Butler, Barnes
1963, Besl, Butier 1978). Theae cells are lmown not only 1in
connactions with afl., but with meny other toxic anéd oarcino=-
genio factors, inoluding DAB alse (Coldfarb 1973, Parber
1963, Bulcorez and Pintchuck 1976, Parber 1956). The role of
"oval oella" in neoplasia and the problems surrounding their
histogenesia can hardly be olaimed to be solved, As far as
hepatomas ere themselves concerned, even & single or several
injections of afl.B1, can produce it in newborn rats around
the 52nd week of age {Vesselinovitch et al. 1972)}. Data from
experiments with other animals - mice, guinea pigs, duoklings
and others, follow similar histological and histoahemical
pattern of liver changes, with minor differences, For example
in guinea-pige, the affect of afl., was charpoterized by the
development mainly of liver olrrhosis (Gedek, Hofmann 1970};
necrogle and fatty degeneration of the liver in duoks (Righer
ot al, 1964, Richer et al. 1969); multinuocleated gimnt owlls
and portal fibrosls in marmomets (Svoboda and Iin 1971).

Le far as the oonneotions between human pathology and
afl, are to be digsussed, exoept ocancer only cirrhomis of the
iiver has been until now incriminated {Psers, Linsell 1976,
Jadgiri et al. 1970). In faot afl, is supposed to play also
a role in the eotioclogy of reyess syndrom in humens end in
experimental animale, where among others fatty degeneration
is te be found (Olson et al, 1971, Bourgeois et al. 1971),

I-7
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Ultrastruetural changes due to afl. One of the moat of-

ten mentioned changes that affect the nuoleus conaiasts of re-
digtribution and quantiiteiive differences in its fibrilar
and granular components (Grundmsnn, Kirsten 1977, Higgingon,
Svoboda 1975, Pokrovaky et al. 1972, Edwards et al. 1971).

In faot the micro~ and masrosegregation of the nucleoli of
the hepatcoyte is common to most of the caroinogenic factors
of the liver - DEN, DMN, DAB, TAA as well as by hepatocarci-
noma in humens {Svoboda a, Higginmon 1968, Reddy et al, 1976).
In all of these cases, by rounding off of the granular and
fibrilar zones, the aeparation of nuoleclar components ba-
oomep more pronounced, and this can be oneof the first effeocts
of acute aingle afl. exposure (Bauer, Tulusan, Miiller 1972).
With the progressive separatiocn of nucleolar components, the
' granuiar elemente become markedly coarser while the oytoplasm
phows 1055 of denaity. The nucleolar zoning and segregation
is a obaracoteristic alteration produced by substanoces that
bind with DFA and interfere with its template activity in

DNA directed RNA saynthesis. It is interesting that nuoleclar
segregation has been deacribed in other cells ~ lymphooytes,
,leyding cells, in the aging human tests by prostats gland
oanoer, and in nuclei of human epidermis cells in precance~
rous dipeage {Yalkov 1375, Yapuzumi et al. 1975), In these
cases the coourrsnce of nuolear bodies is preceded by the
geporation of the amorphous protein component from other com~
ponenfa in the nuclecus. The nuclear bodies originating from
spuch & proto;n microsegregation of the nucleolus. Thia oocgurs~

red et the pecond wéek and persisted during treatment with

Cew
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afl., but reversed from 4-6w after withdrawal., Macrosegrega-
tien was not present {3voboda a. Reddy 1975). The RER was
with slight diglatation and detachment of ribosomes from its
membranes. It 1s olaimed that afl.B1 may mct direotly at the
sterold-~dependent ribosome binding sites of the ER membranes
{Williems et al. 1975). This is with the conclu-
slon of Garner, Wright (1973 and 1980), Apffel {1978) and
ethers, that aflBi may not be a direot ocaroinogen, but has to
be metabolired to an active metabolite which then binds to
DNA, protein and some polynucleotides, the bindings being mi-
oropome~-dependent., Confirmation of this point may be

in the changes of the smooth ER which is vory well expressed.
Among the other changes of the liver oell organelles are men-
tioned the following: marked elongation of some of the mito-
chondria, patchy losa of glyoogen in scattered foel of en-
larged vaouoleted oells, some fat dropplets and occasionally
dilated bille canmliouli.

Tumor cells in the liver, due to afl. have few small mi-
tochondria, moderate numbers of microbodiesa, and short dilated
Aegments of ER. Nucleoli were usually abnormal in their con-
figuration and showed mome degree of segregation of ponstitu-
ents, In contrast to the nonneoplastic liver, there were ex-
tenpive colleotions of interchromatin granuleg. In one of the
fow ocommunications about ulirastiructure of tumor cells induced
by afl,Bi in other organs, namely kidney, these cells pre-
served some characteristice conmistent with renal origin,
but there was a striking less of apiloal orisntation of brush
borders and a lack of any orientation of mitoohondria.
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The obmarvations are compatible with a tubular origin for
these renal carcinomsas,

Soms main pathomorphological and ultrastructural data

from the experiments carried in our laboratory. The firat se-

ries of cur expariments were concerned with the effast of =
single dose afl,B1. Male rats with body welght of 100 g each
were derived as following: Igr, on standard pellot food end
water ad libitum; IIgr, - the same food and single 1. periton,
inj. ¢f 0.5 ml of 1.2 propylenglycol; IIIgr. - a single 1.
periton, inj, of 6 mg afl.B1 in tﬁe above mentloned vehicle,
and IVgr - where the afl. was 10 mg of the afl., 38% wae
comprised of B1, and the other 2% - a mixture of B2, G1 and
G2, Pour hours after this treatment the rats were discapita-
ted. Liver tissue was processed agcording to the classical
histologioal teohniques, for transmission electron micromcopy,
and for evaluating the aoid phosphatase (after Gomory-Holt)
activity in the lysosomes of the liver oells (Krustev 1972a).

The morphological ploture [n the first two groups did
not deviate much from the known one in the normal rat, except
tor some fatty dropleta in the hepatooytes. In the IIIgr, the
u rastructure of the liver oell was charaoterised by segre-
gation of the granular and fibrilar oomponents of the nucleo-
lus (£ig. 1), oluming of getercchromatin at the periphery of
the nuoleus, eome deformities in the auclsar membrane, dila-
ted perinuclear space and lipid droplets in some of the nu-
olei (fig. 2).

The RER around the nucleus was less oftex to be seen,

there was degranulation of its ribogomes, well expressed SER,
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presented by its vesicles, in any of which trere were fine
1ipid droplets., Prom the othsr corganelles of particular ine
terest were the lysosomes, which were abundant not only in
the hepatooytes, but alsc in the Kupfer celis. Among them
were primary forms but also autophagolysosomes and oiltolyso-
gomes with marked acid phospliatase activity, sometimes with
membrane defsats (fig. 3). The IVth and last group didn't
appaar to be much different from the third ome, but the ohan-
ges in the fine struocture affeocted greater number of the he=
patooytes. The ooncluslon belng, that there was no differen~
pes between our data and those in the literature, with one
exoeption, It is the morphological and cftochemical proof of
the effect of afl, on the struoture and funotion (ecid phasce
activity) on liver cell llsoscmes.

The asecond sxpariment was performed on the same strain
of rate, acoording to the above mentionsd, aex, weight, etao.
The animals ware divided in the followlng groupas: Igr. -
water and standard pellet food ad libitum; Ilgr, - same food, .
but also 10 miorogramms of mfl. in propylenglycol injected 1.
peritoneally 5 times weekly; IIigr. ~ with only 20% of the
standard pellet food of the rate in I and Ilgr; IVgr. - the
same 20% of the food that received the controls (Igr.) but
treated with 5 i, periton. inj. of 10 microgramms afl.B1}
Vgr., « focd and water ad libitum and 5 timee weekly 1. peri-
ton, in). with propylenglycol. Every group conasisted of 10
animnls, The experiment continued for 8 w. Methods used were

the same ap those performed in the mocute experiment.
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The results of these sxperiment in summary are as fol-
lows: Gr.I (controls), and that treated with propylenglyocol
{Gr.V}, did not show any particular changes in tha morphology
or ultrasiruotures of the liver, In gr.2 (afl.,B1 -~ for Bw),
althoagh the livar tissue was generally pregerved, thers was
marked polymorphism of the nuclel (some in mitosin}, with ex-
presped degenerative changes in the parechimal cells; micro-
granulomas formed by lymphold mononuclear and lsucooytio
oalls, and portal inflamation with the pame cellular charao-
teristics (fig. 4). In group III -~ undernutrition with only
20% of the food of controls, the most importent were the signs
of atrophy in the liver (fig. 5) with dileted sinunoides,
thiner liver ocell platea, lipofusoin pigment and so on; Most
affeoted were the animale in group IV - the same undernutri-
tion as in group III, but also treatment with afl.B1. In fsaot,
bhere the type of lealon wap the same as in the group on sole
afl,, but the changes were more expressed. lnstead of mainly
vaouolar and lipid, there was acidophilic degeneration in the
hepatooytes, with forming even of Councillman type bodies,
ballooning of the liver oells eto, However in neither of the
groups ware oirrhosis or tumors to be found.

S0 we come to our last experiment whioh has the same pa-
rameters as those 0f the groups from the previocus one, exoept
for the pariod of treatment ~ 7 monthes and the perocertage of
tood intake in groups 3 and 4, where the food was half, 50%
of that given to the oontrola. The methods of investigations
woere the same in all experiments.

What were the fesults? In gr.1 - controls ~ the only ai-
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gnificant change waes accumulation of fat dropleta in the 1li-
ver oells, Quite different was the ploture in gr.II - normal
food intake and 1400 miorogremms of afl.,Bt i, peritoneally.
Here, of 10 animals one died of bronchoneumonia in the oourse
of the treatment of the 9 laft, when decapitated on the 28
waek, 3 were with tumora in the right abdominal region (fig.
6). Hintologlcally the tumors were identified as leyomiosar-
oomap, fibrosarcoma and the highly undifferentiated mesen-
chymoms {f1g. 7.8.). In the liver the leglons were exempli-
fied by vacuolar, lipid and to a lesser extent acidophiile
degeneration, with miner inflemmatory snd veacular changes,
but with not signs of cirrhosis or cancer.

Blectron miorescoplcally in thie gr;up the signs of mi-
crosegregation of nucleolus could atill be revealed, the
ohromatin was clumped around the nuclear membrane. Ths normal
pattern of RER wae distributed,wbut in different locations
of ths liver cell it formed stacks of cysterns. The ER in ge-
noral was vacoolised and hypertrophied (fig. 9). Mitochondria
were deformed, their cryetae diporganized, with the general
gwelling of the organelle (fig. 10}, The complex of Golgy
wap dilated, while the microbodies were in higher number than
in controls. Lysosomes were more often than usually located
all over the hepatocyte or Kupffer cell, and theae isg valid
for all of their representatives - primary ones, or autopha-
golysosonee, oytolysoasomes and residucl bodies (fig. 11).

Acid P-mse was genérally well expressed throughout the
matrix, often in conneoction with the membrane, but with the

loouses of the organelle without any activity. Glycogen was
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sosn in 1ts usual ropette-forming patternm, ;hile lipid drop-
lets wore mainly in the SER region or among mitochondria.

The rates belonging to gr,III - 50% underfed for 2 and 7
month were with histological slgns of atrophy and degenera-
tion of the parenchimal cells. El.microscoplcally on the 7th
month, the nuclsi were with polymorphism, the perinuclear
spaoe wap dilated, but the nucleus was without substantial
ohanges., The quantity of the RER was diminished; there were
signe of degranulation end disorganigation of its structures
(fig. 12). Diminution affected alsc the elements of SER and
miochondrim and Golgi complex wus moderately dilated; miocro-
bodles were not ohanged, while moat of the lysosomes were of
the autophagolysoscmal type, with the usual soid P-ané reag=—
tion,

The IV group ~ undernutrition and afl.B1 - was comprised
¢f 5 rats, The other five dled in the oouree of ireatment due
to intracurrent infeotion. Of the five that were left one
" died with tumor in the right part of the abdomen. Hiatologi-
oally the ploture was the sesme as that in the tumor of the
rate treatad sollely with afl,B1 - leyomyo~ esnd fibrossrcoma,
However thie time the large bowel was mlso affected (fig.13).
Whert we oame to the liver, this was the only case with the
metastase Irom the sarcoma. It also of interest that this
same liver showed tendency towards cirrhosls in the region
around the metastase.

Ultraptructurelly in thia enimal there was polymorphism
of the nuoleous (fig. 14), the usual ploture of segregation

and even capping of the nucleous of the hepatocytes, diminu-~
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tion, degranulation end disorganisation of the ER, marked
changes in the mitochondria {fig. 15), incre .sed number of
difforent lysoscmes (fig. 16} with high acid P-ase activity
(fig. 17). In the other 4 rats of this group, no tumors were
to be found., However the histology and ultrastruoture of their
livers did not differ dignificantly from the pleture of the
nontumorous part of the liver in the sarcomatous rat,

So at the end of out investigations we can conolude

firstly that afl, is not 80 much a hepatocarcinogenic agent,

but has & more general and powerful blastomogenic effgoti;

gecondly, that meana of applieation, tissue homecstasls and

may bes other, unlimown factors are of greater importance than

usually assesed; end third - effeat of afl, lends at the end

te a more malighant pattern of the tumor process,.

Many and different points concerning the aflatoxin B1 -
induced sarcomas oould be rased. Not smeller number are those
of nutritional origin; even the morphology and ultraatructure,
including the role of lymosomes, bare some dAifferenoce when
compared our date with that of the literature., 3o it peems
at the end that our knowledge about sflatoxio epathology and
morphology raises more questions, or at least some new ones,
without resolving alltthose that still exist.

Maybe this mokos problems purrounding aflatoxins and
mycotoxicoscs in generel so faseinating for biology esnd patho-
logy.
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TEXT OF FIGURES

Pig. 1. = Segregation of nucleclus in the hepatooyte.
Magn. x 20,000

Fig. 2, - Lipid droplet in the nuoleus of the hepato-
oyte. Magn. x 8,000

Pig. 3, =~ Well expressed activity of acid phosphatase
in the sutophagplysosome. Magn. X 50,000

Fig. 4. = Degenerative changes of the liver parenchyma
with inflammation of the tissue, Hematoxilin, eosin staining.
Magn. 10x10

Pig, 5. = Atrophic ohanges of the liver tissue. Hem,
eosin. Magn. 10x10

Pig, 6, - Tumor in a rat treated 7 months with AfI.BP?

Fig. 7. = Lelomyosarcoma in part of the tumors. Hem.
eogin, Magn. 10x10

Pig. 8. =~ "Mesenchinoma™ in part of the tumors, Hem,
eopin. Magn. 10x10

Pig., 9. = Vacuolisation of the RER in the hepatooyte.
Magn, x 20,000

Pig. 10. - Digorganisation of oristae mitochondriales in
the hepatooytes., Magn, x 19,500

Pig. 11. - Two autophagolyscsomes in the hepatooyte.
Magn, x 26,000

Fig. 12. - Disorganisation of the RER in the hepatoayte.
Magn., x 16,000 .

Pig. 13. - Leomyosarooms of the large intestine. Hom-
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sosin, Magn. 10x10

Pig. 4. - Deformities in the nuoleus of the hepatocyte.
Magn. x 18,000

Pt;; 15. = Ome of the mitoohondria is with a marked dis-
organisation of ita orista. Magn. x 24,000

Pig. 16. - Inoreaes in the number of the different types
of the lysosomes in the hepatooyte., Magn. x 18,000

Fig. 17. - Marked woid phoaphatase activity of the lyaso-
somes in the liver oells. Magn, x 3,000
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