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MYCOTOXINS —- HISTUHICAL BACKUROUND AND PRESENT-DAY NOTIOHS

V.A.Tutelyan
Introduction

MycotoxXing -~ secondary metebolites of microecopic fungi-
are clagped with the most dangerous contamlnants of food pro-
ducts and fodders which occwr in natural conditions. ¥ycoto-~
xins are distingulehad by high toxiclty end many of them pos-
pese mutagenic, tsratogenic, and oarcinogenic properties. At
ﬁrnaont we& know more than 250 speciss of variouas mleroscopie
(moﬁld) fungl which produce approximately 100 metabolites of
varying toxicity giving rise to alimentary toxicoses of man
and farm animals, The facte accumulated in recent decades lemd
thempelves %o & conclusion about universal mpread both of myco-~
toxin producerd and of toxins proper. There are all grounds to
belleve that the number of isolated mycotoxins will continue
to grow with further study of the role of toxin-forming micro-
scopie fungl in alimentary toxicoses of man and animale of
unestablished etiology.

The problem of mycotoxins, in recsnt years, has saen in-
creased attention from eolentinta and also from statesmnen and
international organizetions., Thie is due, firetly, to the fact
tha$ the real danger of mycotoxine for man's health has been
demonatrated; secondly, to the abundance of mycotoxin producsrs
in nature; and thlrdly, to the impresaive proportion of econo=-
mic damage caused by mycotoxina, Considerable progress has been
made at prepent in determining tha chericel structure, proper—
tiea, specific features of biogenesig, metabolism, and mechanien
of action of many mycotoxins, ia understanding their role in
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the stiology and pathogenesis of a renge of alimsntary toxico-
LT

In this lecture I will eddress myaelf to some atages in
the development of mycotoxlcology &and to tha analysis of pre~
ment-day notions of mycotoxins which are particularly dange-

rous for man's health.

3ome aspects of the history of mycotoxicology

Mycotoxicology as a sciance dates back mors than 10Q Years
With a degres of conditionality we may sasume that it originat-
ed at the middle of the last century when 1t was for the firsg ti~
e demonstrated that ergote of rye - Clavicepa purpurea - which
caume a grave disqase of man and enimals (argotism. "St.idntho-
ny's fira"), balong to fungi. Important milestones in the
history of amycotoxicology are studiea of a dlssase caused by
the consumption of grain affected with Pusarium graminearum
("drunken bread"}; diseases of horseas such es stachybotryoto-
xicosis and dendrodochiotoxicomls; mass disease of paople with
alimentary toxic aleukla; the disease of "yallow-stained” rice.
Present~day mycotoxicology, however, has been taking shupe only
in two rascent decadaa ~ since tha discovery of aflaetoxins which
cause acute end chronic leeione of liver in many apecles of

animals.

Srgotinm

Ergotlcm hae been known gince ancient tlmew. Masa outbre-~
aks of this dipease which in Western Europs ware of a nature of
voxidemicn, have teken tens of thousands of lives. Thus, in

varia wily in 1129 approxlinately 14,000 pecple dled of ergi-

Lhesm,
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This disemss has a grave clinical plcture; the main sym~
ptoms fnclude acute pains and burning in the extremitlse,con-
vruleions and contracture of extremities, the development of
gangrens, the detachment of sof$ tlmauss, and not ‘nfrequently
of extremitibm at places of Joinits. Very often the disease had
s lethal outcome.

Ergotism sets in when sclerotives of a fungus Claviceps
purpursea enter an orgsniem with food or fodder. It is preci-
sely in the sclerotium stage that this species of Lungus be-
comes highly toxic for man and aninaels. Cleviceps purpursa af-
rectﬁ many specliea of wild and cultivated graminecus plants:
Agropyroen, rye grass, foxtail, fescus, barley, oats, rye, wheat,
stc. {a total exceeding 170 spscien).

The toxlec element of ergots is a big group of alkalolds
(Table 1).

¥hen the caupe of ergotiem was undersiood (ingssetion of
carsals affected with ergots)and when highly effective methoda
of preventing the contamination of graincropas with ergots were
slaborated (presowing chemical trestment >f seed; clezning of
affectad pecd from claviceps purpurea sclerotiums, for instan-
ce by flotation; application of aspecific ferming practices,
etc.), thig dlsease practically disappearsd. However, under
certain conditions loocal outbreaks of ergotism ars still pos-
nlble as 1s mesn, for inetance, from a recent case of ergotism,
described by ue, in a couniry of Central Africa.

Notweorthy are the specific extremal conditions which fa-
cilitated the development of the describsd case: thers was a

gavers dronght for three years, crop fallure, and famlne. The
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Alkaloide of argot

- -

Tabis 1

Alkaloids of lymergic and

isolyeergic acida

Clavine alkalolds

Ergine
Erginin

Ergokornin
Brgokorninin
Ergochriatin
Ergochriatinin
,{,-,/}——Ergocr‘yptinea
A.-.)B ~Brgocryptinines

Brgometrine, Ergometrinin

Ergosekalin, Ergocekalinin
Ergozin, Ergozinin
Brgostin, Ergostinin

Ergotamlne, Ergotaminin

Lyserglc acld
Ieolysergic acid

Lysergid

Agroclavine
Secaclavine (Chanocla-
vine~1)
Chanoelavina=-II1
Costaclavins
Cyclociavine
Dehydrolysergol-~I

Elymoclavine

~Elymoclav1ne-0:/3-n-

fructoalde
Pestuclavine
Pumigaclavines A and
B

Isochanoclavine-I
Iaolysergol
Isopennyclavine, Pen-

nyclavine

Igosatoclavine

Lyeergen, Lygergin.
Lysergol
Setoclavine, Noreeto-

¢clavine
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examinatisn of the meagre stooka of food graln (mostly barley)
in meveral locallities which were mstruck by the natural calami-
ty (a mounteinous platesu approximately 3250 m ebove asa lavel,
deprived of vogatation..water and cut off from the maln terri-
tory of thae Eountry with a population exceeding 40,000} reva-
alad a typlcal ploture of total.contamination with argot scla-
tluma. Approximsately 150 cames of chronic poisoning with srgot
(mainly the gengrenous form) were found in the focti of the di-
ssage, The patients demonstretad various degreems of gangrenous
ohanges in the lower(at timae upper) sxtremlties; epontansous
smputation of lower extremities. The typlcal picture of conta-
mination with orgbta is supplamented by the obgarved murrain
{mostly of shesp)lwhich coincided in time with the commencement
of the dissass emong humans. It ahould pe emphasizad that the
contamination with ergot began with wild plenta and only later
on spread to cultivated graincrops.

One of the moet important waya to erodicate the focue of
contamimation with ergot is & complete replecemsnt of contami-
nated grain by healthy grain; destruction of the food and fora-
ge grain whicp was contaninuted; detection of patients at an
early stage of ths disecase and specialized masdical trentment

of tha patisnts,.

Stachybotryotoxicosins

Stachybotryotoxicosls ims n grave dlgease of horses which
oocure owing to feading horsea with coarse cellulcse contain~
lng fodder conteminated with toxigenic strains of Jtachybotrys
alternan., fquua and which is characterized by the developmant

of inflammatory changes and necroges of the digestive tract.
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The firat cases of this disense were described in 1931 in the
Ukraine,and only later on - in 1938 - it was understood that
the dlssase ia ceused by the contamination of fodder {first of

all, ptraw) with fungi of Stachyboirys alternnns.

Along with the necrotic lssions in the gastro-inteatinal
tract, stachybotryotoxicoals is characterized by the devalop~
ment of a hmemorrhagle syndrome, leukopenia, and agranuloecyto-
8is, ocuta cardiovascular insufficlency. In humans, contact
with contaminated fodder or commercilal raw material lasds to
the development of dermatitis or pneumoconiosea.

A number of mycotoxina (Toble 2) have been rscently iao-
lated froam the oulture 6f a toxigenic atrain of Sﬁacﬁxbotrza
alternans (Table 2}.

Table 2
Toxic metabolites lasoclated from the oculturs

of Btnchybotrys alsernans

Toxic metaboliteas Mclecular Molacular
(mycotoxina) formula nase
hid

ori{din B 02933803 514
Satratoxin C - 484
Satratoxin F - 542
Satratoxin G CZBH32011 544
Satratoxin H CZ9H36°9 - 528
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Dandrodochiotoxicosia

bDandrodochiotoxleosis le 8 dipesse of horaes which wae
for the first time recorded 1Iin 1937 In the Ukraine. It sets
in whan animals are given straw affected with mlcroscopic fun-

gl Dendrodochium toxicum. Thla mycotoxicosls featu.es a rapld

sgymptomatle course and suddenly terminates with a lsthal cuk-
come, The autopay reveals multiple hasemorrhages in the organs
of the thoracic cavity.

It has been recently demonstrated that this apecies of mio-
ropeopie fungi can syntheslze two mycotoxine of trichothecene

group: verrucarin A and rorldin A,

Alimentary toxic mleukia

Alimentary toxicalsukia (or septic angina) is a greve dig-
meame of man mand animals associated with the ingeamtion of grain

contaminated with Pusarium spnorotrichiella. It has bean shown

that this species of microamcopic fungi, as s rule, multiplies
in the graln wintered under show with the production of toxins
during anow thawing, Polsoning with the contaminated graln aets
in, usually, after the psssage of one to four weeks; 1t takea a
grave course and not infreguently terminates in death. Poleon-
ing caused hy'the ingestisn of grain crops which have winter-
ed in the field was for the first time noted in Kazakhsten and
in Siberia ip 1932-1933. A seriocus outbreak of thia disease took
place in northern Kazakhstan and the Orenburg region in 1944-
1945. The initial symptoms are characterized by the inflamma-
tion of the mucus membrane of mouth and larynx; they are fol-
lowed b7 a profound euppression of the function of the bons

parrow and the development of leukopenia, snmemia, and throm-

1-4



(-

bocytopenia. In the gravaast cases, againat the beckground of
a pronounced suppression of tha immunoreactivity of the orga-
nisn, the development of sepeis is observed. Recent{ atudles
have convincingly shown that microscople fungl Fuparium gpo-
rotrichiella produce & ranga of highly toxic mvycotoxina of the

trichothacene group.

The discovery of aflstoxins

Early in 1960's 8 wags murraln of turkey-poults in & gouth-
sagtern part of the UK was noted. It was caused by an
unknown dlseane characterized by the development of necrcaess
of the liver and the proliferation of tha biliery ducts. The
search of the atiologlical factor of tha po-called X-diseass of
turkey-poults has shown that the dlsease was not assoctataqd
with any pathogenic microorganisme or viruses or with the pre-
sance of some known poigon in the fodder. It was slso noted
thaot the epizootic was of a local neture {more than 80% of all
cagdp wers reglatered in a radius of abcut 100 miles around
London) end cgused by peanut flour added to the fodder of poul-
bry. The pesnut flour was imported from Brazil. The &nalysis

of this flour revealed micrvascoplc fungi Aspergilluas flavus

Link Pries.The use of the contaminated peanut flour as fod-
der produced the cutbreak of the disease among plgs and calvss.
Some time }ater, in 1961, expressed carcinogsnic properties of
toxic peanut flour were amlao demonstrated.

It wap shown in 1961 that partially cleened mathanol—~
chloroform sxtract of conteminated flour is capable of svoking
a chavecteristic proliferation of the biliary ducts in one-dey

0ld divklings. Toxic subatances were 1polated from the extruct
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and acquired a ganeral name of aflatoxing. By thin layer ohro-
matography aflatoxing were separated Lnto fourcomponents, da-
noted by the colour of fluorescance in ultravislet light am
aflatoxine 81. 32 (blus fluorescencs), 01. and G2 (graen fluo-~
reacence). In 1962 the empirical formulas of aflnotoxins wers

calouleted and in i965 thelr chemical structure was determlned.

Pressnt-day notions of mycotoxinas

Many mycoftoxinm are potentially dangerocues for man and
farm animals. lowever, aflatoxins, ochratoxins, zearalenon and
trichothecens mycotoxine are distinguished, emong all mycoto-
xinm, b; their toxic propertiss and by their abundence in na-

ture.
Aflatoxins

The family of aflatoxins includes at present , beaides tha
four main reprementatives {aflatoxins, Bys Boy G, and G,),
mores than 10 other compounds which are derivatives or metabo-

lites of the main group: aflatoxins l1. ¥, GM1. ) [+]

2a' “Zn'
Pl, Qy ‘3- aflatoxicol, aflatoxicol H,, sterigmatocystins,
appsrtoxin.,

In natural conditions on plant subtrates, Aspergillus

flavus and Aspergillug peraeiticus synthesize, in the main,

aflatoxins B\' 82’ 01. end 02; ap 8 matter of fact, aflatoxin
B1'ls produced 1n the largest quantitiss while aflataxin G2
in the loweet amounts. It hae been shown that thesa specisse
of microscopic fungl may elso sunthenize aflatoxins 32., 11,
aflat oxicol, sterigmatocystins, and aspertoxin.

The abaolute sfonfiguration of aflatoxin B, was determined
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in 1967, and then in 1969 thim etructurs was confirmed by a
laboratory aynthesis, The chemical name of aflatoxin 31, in
kesping with preeent-day nomenclature, is (6aR-cis)(2,3,6éa,
Qa)tetrahydro-4—methoxy-cyclopenta[o]furo[3'. 2‘:4.$]furo

{ 2,3-n) [t]benzopyran-1, II-dione.

Aflatoxins are poorly soltble in watsr (10-20 pg/al),
ingoluble 1in non-polar solvents but gre easily aoclubls in sole
vents uf medium polarity,such ae chloroform,methanol,dimethylsulp-
boxlde. They sre relatively unstsble in e chemically pure form
and senaltiva to alr and light.One should note that eflatoxine
are bractically not destroyed in conventional ocooking of con-
taminatsd food products. Aflatoxina are deetroysed only by
treatment with ammonia or sodium hypochlortte. v

Chemical teohniques of detectlon and ldentification of
individual s¥latoxins are founded upon their specific fluoras-
cance in ultraviolet light (approximataly 365 nm), diffsrent
mobilities in thin layer chreomatography, specifio absorption
spectra, and fluorescence. iho most common methods of aflato-
xin analysip 1Acluda thin layer chromatography and high-psrfor-
mance liquld chromatography with fluorescent detectors.

Particularly notsworthy are aflatoxins H1 and H2 (metabo-
lites of sflatoxin'B1) which are uesuelly found in milk of ani-
mals (cows specifically) and hence care quite dapgerous for the
health of maﬁ and first of sll, children.

Another metabolite of aflatoxin By == aflatoxiecl- ia
also very iﬁportant for toxicology. The reaction of t{he forma-
tion of afletoxicol from aflatoxin B1 ig reversible, owing to

which many suthors consider aflatoxicol as a reserve form of
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aflatoxin B, in an organism.

1 )
Aflatoxina P,, Qq. and H1 are products of detoxication

of aflatoxin B, in the membranes of endoplasmic raticulum of

3
thse liver with the partieipation of cytochromes P-450 of ths
hydroxylase mystem.

The family of aflatoxins includes aleo aterigmatocyetins
(nterigmatocystin, O-methylsterigmatocystin, S-metoxy-aterig-
matocyatin, and dimethyleterigmatocyatin) which are natural pro-
ducts of .the ectivity of aome stralng of fungl belonging to

the Agperzillua and Penicillium geners. Sterigmatocystlins

emlt a dull brick-red fluorescence in UV light., 3inilar to
aflatoxine, aterigmatocystin and dimethylaterigmatocyatin have
a pronounced carcinogenic activity.

Aflatoxins,without fail, are beat studlied amcng ell known
mycotoxins, Tremendous factual materiml accumulated by now helps
us to class these compounds with $the mirongest hepatotoxic mnd
hepatocarcinogenic mubstances, the danger of which for human
health may be considered as provan., Aflatoxine msre not only
particularly dangercus but extremely abundant contaminate of
food productm. Aflatoxing have hesn found practically in all
countries, all continznte 1n different grain and oll-bearing
produects, in nuts, beans, coffee, and cocos beana and in many

other producte of vegetable and animal origin.
Ochratoxins

Ochratoxine are a group of rélated metabolitems of mome

;g species of Aepergillus ochrnceus and Penlcilliuam viridicatum,

o~
*+ By thefr chemical structurs they are fgocoumarins linked by
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an anide bond to L-phenylalanine, Table ® sume up eome physico-
chemical properties of ochratoxins.

I Table 3

Some physiococchemlical properties of ochratoxins

Gchretoxin Molecular Molsculer Melting Abseorptlon in UV light,

formula Dass pBént, E, nm
A 0,0H,gC1NO 403 169 37800(213)
{(xylena)
85 -95
{benzens)
B 020H19R06 369 221 . 37200(218)6900
(318)
A 011H90105 256 229 3000{212)5600
(338)

As & role,only ochratoxin A and more rarely ochratoxin
8 are found as natursl contaminante of food products, other
ochratoxing (oohratoxin C, mathyl eater of ochratoxin A, mat-
hyl or ethyl esters of cohratoxin B) being isolated only in
the laboratory from cultures of toxigenic sirains of fungi.
Acid or enzymatlic hydrolyals of ochratoxin A gives rise to
ochratoxln -4 and L-phenylalaanine. Ochratoxins belong to ther-
mally atabla‘compounda, and food products contamipnated with
tham yialg with difficulty to detoxication.

Ochrnt#xin A 18 & widely spread c¢ontaninant of food pro-
ducts and fodder found in many countries, including Denmark,

Prunce, Poland, Yugoslavia, Bulgeria, Sweden, Canada, USA, in
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stich products as wheat, rye, barley, oats (10-27500 pg}kg),
maize (15-200 Pg/kg, coffee beens (20-360 ug/kg}, e te.

Unlike aflatoxins, ochratoxina are strongly tropic to
kidneys and affect proximal tubules. Accumulating in timgaues
of farm animale (pigs primarily) consuming fodder contaminat-
ed with ochratoxina, they may reach food of man.

It la believed that oohratoxine are the eticlogical fac-
tor of nephropathy of pigs end poultry. The lesions of kidneys
fdentical with nephropathy of plgs observed in natural condi-
tions have been produced experimantally by fseding plgs with
fodder contalning & crymstalline preparation of ochratoxin A,

Prolonzed apideitiologlical observatlons give ground to
suggeat that ochratoxing are the cause of a human 4iseame known

as the Balkan endemnic nephropathy.

lZsaralencne

Zearalenons (lactons of phenolrsaorcyllic acid) and its
numerous derivatives (dihydrozearalenol, zearalenol, dimethyl-
z2agrelen, O-methylzearalen, p-methylzearaler, zsaralans, eto.)
are products of metabolism of meny speciles of the fungl belong~

ing to the Pupariu=m genus. In natural conditions,zearslenons is

frequently found as a contaminent of warious fodder orops, pri-
marily of maize (0-1-10.0 mg/kg), in many couniries. Noteworthy
are cases of finding high concentrations of zemralenone
(0.3-53.0 mg/kg) in beer and moms national asour bsverages in

Swazinalnd and legotho,
Zearalenons haw & well pronounced emtrogsnic action. Con-

tanination of fodder with this mycotoxin ia the etlolosicel fac-
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tor of setrogenio syndroms in farm animals, primarily in piga
(fertillity reduction, vulvovaginites, sbortione, starility)
and aleo in cows, poultry, and rabbits. It has been demonatra-
ted that eatrogenic syndrome in piga, described in many coun-
tries, seta in when fodder is conteminated with gzearalencns et
concentrotions ranging from 0.1 to 6.8 mg/kg.

Thue far thare ie no relimble information about unfavou-
rabls action of zearalenonse on man, In this context we should
pay attention to information about high concentrations or sea-
ralanona in beser. We should bear in mind the possibility of
auéumulation of zearalenons and its derivatives in tissaves of
farm animale which ars used for man’s food. Pinally, it should
be emphasized that some derivatives of zearalenone have been
rscently used Qa growth stimulators of aplmnls and are being

widely produced commercially.

Trichothecensas

12, 1l)-epoxytrichothacenss sre a group conalsting of more
than forty compounds of similar structure produced by many
ppecies of Fusarium fungi., The origin of the name of these my-
cotoxine 18 associated with mirccscopio fungi Trichothecium
roaeum from whooe cul turs trilchothecln waa lsoclated, as meta-
bolite,

degides Fugsarium, thers are some other gpecles which al-

go produce trichothacenes: Myrothecioim, Cephaloéporlum, Tricho-

derma, Calopnectria, and Stachybotrys. It should bs emphasized
that under natural conditiong only four representatives of thise
group have baen determined as contaminants of food and fodder:

T=2 toxin, nivalenol, deoxynivalenol, dimcetoxycirpencl,
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Some of tha physical and chemical propsrtiss of tricho-
thecens mycotoxine are pummed up in Table 4.

By their chemical struotura, trichothecsnea may be divi-
ded into four groups. Group A covers T-2 toxin, HT~2 toxin,
neosalanfol,.T-2 tetracl, isonecwolani»sl, scirpsntiol, dia-
cetoxyscirpenol, monoacatoxysclrpenol, trichodermin, tricho-
dermol, stc.; group B: nlvalenol, deoxynivalenol (vomitoxin},
moncacetoxldeoxynivelenol, fusarcnon-X, nivalanol dlacetate,
trichothecalone, and trichothecin; group C: erotociny group
D1 verrucarin A, verrucarin B, diacetylverrucerol, roridine
A, D, E, H, satratoxine G and i, verrucarin J, etd. Aam conta-
minate of food producte and fodder, trichothacanss of group
A and B ere particularly dangercus.

All trichothensenes which belon~ to group A and B do not
revsal abgorption or flucrescsnce in the vislbls part of the
spectrum which inhibtts their detection in thin layer ohromnto-
graphy. At present, howsver, mspecial techniquen are alasborated
which make it poseibls to identify trichothacermss by TLC; the
TLC plates Bre treated with reapgants which form steined or filuo-
regcent deriveatives with trichothecenss. Thus, when TLC pletes
are treated with concentrated sulphurle acid, trichothecenas
of the group A form spots which smit blue fluorsscence in the
UV light. Trichothecenes may aleo be mtained with p-anisalde-
hyde forming pinkish-violet compounds wiih trichothecenss of the
group A and with yellow-brown compounds trichothacenes of the
group B. 4(p-Nitrobenzyl)pyridire form blus compounda with
trichothecenes of both groupas. Tha derivatives of trichathecen-

o8 of groups & and B with nicotineomide-2-acetylpyridine emit
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Table 4

Some physiocochamical proparties of trichothscenes

ToxIn Tolacular Welecular Neltlng TIC RY
formula mage
T-2 toxin c24H3409 466 150-151 0.40
-2 toxin 022”3208 424 0.09
Neosolaniol C19H2608 382 15G=-151 0.22
T2 tetraol U g5H,,0, 298 0.32%
Diacetoxyse-
clrpenol Cy9Hag 0q 366 162-164 0.36
Monoaceto—
xyacirpenol C,.H,, 00 324 173-173.5 0.21
Soirpentriol C,gH,,0; 282  189-191 - 0.35%
Nivalenol Ca5H2007 32 322-223 0,42%
' +
Fusarenon=-X C1THZ208 354 91~-92 0.77
Mivalenol .
diacetate 019H2409 396 135-136 0.90
bexynivale- +
ol (vomlto-'c15H2009 296 131-153 0.62
xin)
Monoacetoxy=- .
deox‘ynlvBla_ 017112207 338 1'35"186 0,80
nol
Nota: +}

in a chloroform methanol system (5 1 1);
in all other cases - in a ochlorofora methanol

system {98 1 2).
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blus fluorescence 1ln ultraviolet light.

Acute intoxication with trichothecenes affecta first of
all the haemopolatic and immunocompetens organs., Characterie-
tic 1s the development of a haemorrhagic ayndrome, rafusal
from fodder, vomitlng. Moet of farm and laboratory animals are
distinguishad by high susceptibllity to trichothacenes. L050
of the T-2 foxin administered in%ternally is 3.8-6.27 =g/kg.

Under natural conditions, trichothecenes have been found
in high concentrations (up to 1800 mg/kg) in a number of ca-
reals and in fesd maize. There are all grounds to suppose that
poms alimenlary toxicoses of farm animals are assiclated with
the effect of trichothecene mycotoxins. It sho:ld be likewisas
rememberad that the stlological fuctor of the mass dissuse of
people with alimentary-toxic aleukia which occurred in 1944-45

is the effect of mieroascopic fungi of the Fusarium sporotrichi-

s8lla especien which, aas Lt has been recently demonstrated, pro-
duce tha T-2 toxin and other trichothecenes.

There &re no doubts that new information on the abundance,
toxicity, and the mechanism of actlon of trichothecenes will
make 1t possible to svaluate the danger of this vast group

of mycotuxina for man's health.
Patulin

Patulin is a carcinogenic lactone which under naturul con-
ditions is found in apples, peara, and other etone fruit and
berries, ae well as in the producte of their proceasing— jui-
ces and pastes. The producer of patulin are many species of

microscoplc .ungt of the Penicillium and Asverglllus genera
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but the most frequent producer of patulin is Peniciilium eax—

pansum,

By ite chemical atructure, patulin 1s a 2,4-dihydroxy-
2H~pyrnn-3(6ﬂ),gzacetate-3.4-1actone with a molecular formula
of ‘C,Hg0,. Tts melting point is 111%; 1t is well moludble in
water and organic solvente with the exceptlion of pstrolaum ithor;
it ham one ebsorption peak fn ultraviolst light at 276 nm,
Initially 1t was isolated mss an antiblotic but oming to its
pronounced toxlc and carcinogenic propertiss, 1t did not find
any applicetion.

From the practical point of view it im important that pa-
tulin e found not only in the rotten part of fruit and vege~
tables but also in the normel partes. In tomatoes, for inatan-
e¢s, 1t 18 spreed evenly throughout the vegetable. Contemina-
tion of frult, vegetables, and berries with patulin, in natu-
ral condltionn, may reach a very high level, There are itnstan-
ces when patulin's concentration in a rotten apple was as high
a8 17.7 mg/apple and in the market-able mpecimena of apple jul-
ce 1.0 mg/t, There im & noteworthy instance of contamination
with patulin of sea buckthorn berries at a concentration exce-
eding 50.0 mg/kg. Patulln producing fungi frequently affect
bread and other bakery products but on this substrate patulin
is quickly inactivated, as it ls belisved, owing to the suba-
tances which incorporate sulphydryl groups.

Patulin belongs to highly toxlc subatances: its LBsofor

mice in cape of intraperitoneal administration is close

to 8.0 mg/kg, anrd for rats 4.6 ng/kg. In experiments with mice
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patulin demonstrated teratogenic propsrties.

Thare are no convincing data sbout the danger of patulln
for man's health, Soms suthora, howsver, belleve that the high
frequency of cancer of the cesophagus in Normandy is assoclat-
od with a high level of ocontamination of fruit, juices, and

clder with patulin,

Yellow rice toxing

{citreoviridin, eltrinin, luteoskyrin and cyclochlorotin)

By the middle of the 1950'g, casza of grave alimentéry
toxicoses were recorded in Yapan. They were denoted as "yellow
rice disespe”., The hacading of the cause of this disease hes
indicated that the etiolagicmel factor was the contamination
of rice with microscopic fungi of the Penicillum ganus.

Cltreoviridin is a ysllow pigment with pronoun-
ced neutrotoxic properties (Lt causes paralysis and disturban-
cea of the ceniral nervous system, of the respiratory and the

eardlovascular syatema) and it 1s produced by Panicillium cit-

reo-viride fungl.By ita chemnical siructurs, it is & carbocyc~
lic polyens with a molecular formula 023H300640330H; mel ting
point ta 107°-111?;absorptlon maxima are at 234, 286, 294, and
388 nm; it ip well goluble in ethanol, ether, benzene, chloro-
form, and acetone; it ism insolubles in water and n-hexane, The
toxicologlical plecture caused by oltreoviridin is very c¢lose to
the set of aymptoms of cardiao beri-beri. .

Citrinin 18 a metabolite of mieroscopic fungil Penicillium
citrinum and alao of eome other specles of Penicillium and

Appergillug, The eaplirieal fornula of e¢itrihin is ”1;”14“33



-
moleculdr rmausn is 2503 melting point 1a 175%; aboorption maxi-
ma in ultraviolst light are at 222, 253, and 319 nm; it is so-
luble in moet of organic molvents. Clirinin poasesses an sxpres-
dsd nephrotoxic action: at concentrations ranglng from 62.5 to
500 mg/kg of fodder 1t produced the snlargement of kidneys. and
degenerative changea of the epithelium of kidney tubules in
chicken. It is believad that along with ochratoxin A, oitrinin
ts the etiologicnl factor of nephropathy of pige. Under natural
conditions it is found in whest, barley, and rys. It la stras-
sed that under natural conditions citrinin was not isolated
from yellow rice.

The microfloras of ysllow rice includes Peniaillium ip-
landicum which producea more than 20 toxic comoounds the most
irportent among which are luteogkyrin, cyclochlorotin and eryth-
rogkyrin,

Luteogkyrin (8,8'-dihydroxyjrugulozin). Molecular formula
C3OH22012; molecular masa is 574} melting point is 287°; it is
inasoluble in water, well goluble in moat of organic solvants;
abgorption maxima in UV light are at 280.%; 436 and 357 nm.
Acutte and subecute intoxication with luteoskyrln leada to the
development of necroses and the fatty degeneration of liver,
chronic intoxication iwesults in clrrhosis of the liver and hepa-
tomasn.

tyclochlorotin 1s a chloripe-cintaining peptide with the
molaculer formula C25H36N508012(tb—pyrrol—carboxyl-L- o - amino-
butylll—L-sarylvg -aminophenylpropionyl-L-perineamide); molecu-
lar meag is 573; melting point is 2510; it is soluble in water
and in l-butanol. Cyclochlorotin fe a highly toxlc substance
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(ite LD50 for intravenous administration in mice s 0.3 aog/kg,
and for subcutanseous administration 0.5 mg/kg). Kuat ae luteos-
kyrin, cyclochlorotln acts primarily upon the liver producing

olrrhosea and fibroses; it also has carcinogenic activity.

Tremorgeniec mycotoxins

Tremorhenic mycotoxins comprise e group of mycotoxins pro-

duced by mleroscoplc fungl of the Penicillium and Aspergillus

genera. The name derives from the effect caused by thems myco-
toxins - body tremor, spastlc syndroma. By their chemical struc-
furs, tremorgens may be subdivided into four groups: 1) peni-
trems, 2) fumitremorgens~verruculogen, 3) paspalin ond 4)

triptoquivalin. Some data for tremorgenas are lipted in Tabla 5.

Tabla 5
Tremorgenic mycotoxina
Toxin Molecular Molecular Absorption in UV 1light,
formula magg & nm
Penitrem A CyqH, 4 HOGCL 633 31500(233) 16200(295)
Penltrem B 037H4SH05 583
Verruculogen 027H3N307 511
Paxil1in 027“35“04 435
Fumiltremorgen
C32H41N30¢ 579

Fumi tremorgen

B 027H33N305 479
Triptoguiva- '

1in 029H30N407 546

Yantitrea A 037H47N06 601
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Bewmldes thoas included in the Tabla, tremorgenic myco-
toxina includs triptoguivelon (026H24“406)' penitrem ¢, yanti-
trema B and C (037H47H05 and 037H47N04). territrema A and B
(02833009 and 029H3409), roquefortin (022H23H502), and paspa-
1in,

Tremorganic mycotoxine both 1n leboratory and farm animals
produce tramor, ataxis, muscular sti{ffnegs, and convulslons. It
is emrhaslzed that tremorgena are a relatively frequente cause
of alimentary toxicomes of farm animals: caitle, shesp, etoc.
Noteworthy ls m recently described camse of the polponing of
doge with moulded cheees. The clinical plcture of thim case
showed the preﬁomlnance of the spuatic syndrome {(generallzed
muscular tremer, hyperkinesia, intermitting eppilsthotonos, elo-
nlc convulsions)., The analysis of this cheeas revealed the pre-
agence of penitrem A, Thsre are all grounds to believe that so-
mwa alimentary polsonings of people with undetermined etiology,
in the clinical picture of which prevall %hs symptoms of the
lasions of the central nervous aystem are amssgociated with the
ingeation of food contaminated with the producers of tremorge-
ni¢ mycotoxina.

The tremorgenic affect on the laboratory animals {mice)

18 obperved at very low concsntrations of mycotoxins: 0.92 mg/kg
for verrucologen adminimtered intreperitonealily and o.19 ng/kg
tr penitrem A. It has been denonstrated that the action upon
subcortical centres pl§ys an important part in the mochanism

of the tremorgenic effect of these mycotoxins.

Rubratoxing

Two highly toxic metebolites - Rubratoxins A and B (Table
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6) - have been isclated from cultures of Penloillium rubrum

and Fenicillium purpurogenum which frequently affect cereals

and Bpesifically malze:-

Rubretoxins have a pronounced hepatotoxic and also mutage-
nic and teratogenic effact. Under natural conditions, these
mycotoxine are, most llkely, involved 1n the developmant of
alimantary toxicoases of cattle, nigs, and poultry. Many
leboratory animals ere aleo ausceptible to rubratoxina. LDSO
for mios in intraperitoneal administration im 6.6 mg/kg for
rubratoxin A, and 3.0 mg/kg for rubratoxin By an for rats it
ia spproximately 6,0 and 0.4 mg/kg, respectively. It ia empha«
sized that the toxicity index of rubratoxins is considerably
lower when it is amdministered internally (LD50 is 200-400 mg/kg
for differeni specles of animals).

Table é

8ome phyesicochemlcal properties of rubratoxines

Toxin Molecular Melacular Nelting Absorption in UV,
formula ) megs pgént, & nm

Rubratoxin A CpcH350,, 520 210-214 4430 (252)

Rubratoxin B 026H30011 518 168-170 9709 (251)

pR-toxin and othar amycotoxine

Ponicillium roqueforti

Racently information has been obtained indicating that
some fo the mioroscopic fungl which are used in tha food in-

duatry may also produce mycotoxing, It hns been demonstrated
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that Panlcillium rogqueforti which ia ﬁldaly zesd in the manu-

fecturing of some sorts of chesae 12 a producer of highly to-
xic metabolites: PH-toxin, rogu:fortin, and lsofumigaclavine.
In laboretory conditions, the amount of syntheslzed PR-toxin
may reach 30 mg/100 ml of the medium.By 1ts structure, 1t ims
a terpenold whoge activity 1s associmted with the aldahyde
group; 1its molecular formula is C‘7H2,06. Many farm animale
and mogt of laboratory animalms are sumcepiible %o the toxic
action of the PR-~toxin. LDgo for rodents in the case of intra-
peritonsal edministration ranges from 10 to 15 mg/kg. Acute
p>igoning with PR-toxln is characterired by ths disturbance
of locomotive coordination and paralyses. In mice the ocedema
of the lungs, braln, and kidneys has been observed as well as
degenarative changes of the liver and kidnsys.

Roquefortin (022H23N502) and lsofumigaclavine A ars alka-
loids by their chenical structure. They have been found in
cheegas in a number of European and Americean couniries: roque-
fortin at a concentratiosn of 0.06 to 6.8 ag/kg and imofumiga-
clavine A up to 4.7 mg/kg of the product. 1.950 for mice in the
cana of intrmperitoneal administretion is 15-20 mg/kg for Ro-
quefortin and 340 ng/kg for isofumligaclavins.

Specific methoda of analysis of these mycotoxins have been
elaborated making 1t pomsible to monitor their content in food

products,

Cituchaiaainum '
Cytochalasinea and codocytochelasines renresent a group

of highiy toxic metaboliten of very slmilar atructure and ori-

gln produced by fungi.



-25-

Cytochalagine R (028H33"07) was firat laclated from rics

infected with Aspergillus clavqtua which was the causs of fthe
death of a chlld ss a resuli of alimentary toxlcosis of uniden-
tified atiology. LD5
peritoneal administr.tion is 0.93 mg/kg; for adult rates it ie

0 for one~day old rats in the case of intra-

2.6 mg/kg. Acute intoxicatlon with cytochalisine E is distin-
guished by sexpreass:d cedsma, degensrative changes of the liver,
kidneys,aplesn, apd okther organs. Intoxication with oytochala-
sine B produces radical disturbances in the permsability of
ocapillaries.

Cytochalaainas.ﬁ, B, and G (029H37N05) are metabolites of

Helminthosporium dematicideum and oyiochalamelnea C and D &re

produced by Metarriiizius anisopliag, Cytochalasine 8 has the
highest ftoxicity {n this group. Cytochalasine D was firet lao-
lated from food grain. The dogs which ware administered cyto-
chalaaine in a doae of 1-2 mg/ky of body mase demonstrated aymn-
ptoms of +the injury of the central nervous system: diaturban-
oea of the locomotive activity, tremors,

Codacytochalasine-1 (CBOH}9N05) and cedacytochalasine-2
(028H27N04) have besn found as metabolites of a highly toxic
gtraln Phomopsis paspali which was isolated from mille t. Coda-

cytochalasine-1 in a dose of 2.0 mg/kg killed all test nmice
within 45 minutes after asdminiatretion, and within'20 minutea
if the doae wea 5.0 mg/kg.

The diecovery of cytochalasines aa natural contuminents
of food products clesnea them with aycotoxins which are of po-

tential danger for man's health.
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Alternaria Mycotoxins

Recent years are characteriszed by increasing ettention o
mycotoxine produced by fungi of the Alternarias genus. Quite
frequently the representatives of the Alternarias genus infect
cerensle in field; toxigenic straina have been lsolated from
peanuts and tommtoes. Up to 90% of Alternaria semplss isolated
from differsnt greincrops kllled rets whsn added to the fodder;
in other experiments 33% of the studled Alternaria strains ware
toxic for chicken and 60% killed mice.

By thelr chemical structurs, ths Alternaris mycotoxins
belong to xanthones (alternariol and ite methyl ester, alte-
nuisol, altertenusl, altenuans, altenusine} or to anthraguincne
pigmente, Tenuasonic mold has the graateat toxicity in this
group of mycotoxins. The producer of this acld sre many speclea
of Alternaria, Tenuasonic acid has been found in rice at a ocon-
centration of up to 2.6 mg/kg; its producers have been isolated
from grain products, soya beans, eorghum, peanute, tomatoea
during ripening and in storage. The toxlc action of these myco-
toxine has been studied in amice, raete, dogs, guinea pigs, and
monkeys. LD50 for amice 1s 81 mg/kg. Studieas of the poessible ati-
ological role of tenuamonic acid Iin some halmatological disea-

gea of man are belleved fo be promising.
Conclusion

In this lecture we hawe ventured to diacusa in a
very concise form gsome higtoi .cal aspscts of the problem of
aycotoxins and present-day notions about a number of mycoto-

xine found as natural contamipants of food products, these myco-
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toxina are distinzuished by broad sbundance and reprsasent a
potential danger to human health.

It should be emphasized that a large number of mycotoxina
have baan f9und in tha study of microgcopic fungi in laborato-
ry. They have been studied in rather great detail end there
are all grounds to believe that these mycotoxins or, at least,
gome of them, may be produced also in natural conditions and
thereby be dangerous for human health, We are also wltnesses uf
continuous isolation of new toxic metabolites of mould fungl
which become new entriaes in the elready long list of mycoto~
xina.

Modern mycotoxicology is a very multidimenéional sciance

and we are only at the initial atage of ite development.



9.

-28-

REFPEREMCES

Auatwick P.K.C. = Mycotoxina. Brit, med, Bull., 1975, 231,
222,

pBilat v.I., Pidoplichke W.M. - Toksindobrazuiushchiye gri-
by 1 vyzjyveaemiya 1ml zabolevaniya cheloveka i shivotnykh
(Toxin-producing fungl and the dimeases thay cause in man
and in amimals), Kisv, Naukova Dumka Publishing Houss,
1970. {in Ruaslan.,

Dashak W.V., Llewellyn G.C. - Aflatoxins and Plantae. Post.
mikrobio;., 1982, v.2%1, No.1-2, p.H5-R4.

Kravchenko L.V., Tutelyan V.A, =Mycotoxins Zhurnsl Vees.
Khim. Ob-ve im. Mendelseva, 1978, 23, 390, (Mendelesv
Chemiatry Journal, v.23, N 4, p.34 Allerton Press Inc.)

La contaminazions da micotoselne di alinenti, mangimi e
foraggl. A.I.A.C. 3.I.M.A,, 1982, Hilano.

Mirocha C.J., Pathre 3.V., Chriestensen C.M.- ¥ycotoxlnas
Tn: Advances ln Careal Selance and Technoligy. v.3 (Ed.
Y.Pomeranz). American Ass. Cersal Chem., Inc. St. Paul,
Mtnnesota, 1980, p.159-225.

uycotoxina (Bd. I.F.H. Purchase), 1974. Elsevler Scl.
Publ, Co., Amsterdam - Oxford - New York.

Mycotoxins. Bnvironmeantal Health Criteris, v.11, 1379. WHG,
Genava.

Patten R.C. ~Aflatoxins and diseape. Amer. J.Trop. ﬁed.
and Hyg., 1981, 30, 422, '

10, Pier A.C. - Mycotoxins end anlmsl Health. In: Advances in

veterinary and comparative medicinae. v.25, 1981, Vew



-29-

York, p.185-243.

11. Pitt J.I. -Myocotoxins in haman health C3IR0O. Pood Res.
Quart., 198%, 41, 31,

12. Pokroveky A.A., Kravohenko L,V,., Tutelyan V.A.- Aflatoxinas.
Toksikolégljn, Momkva, VINITI, v.8, 108 pp. (in Russian).

13. Sarkimov A. Kh. Mikotoksikoxy (Mycotoxlcomes), Moscow,

Selkhozgis Publishing Housme, 1954. (In Ruseian).

14, 3teyn P.3., Jemnali M. -Soma newly dlacovered mycotoxinm.
Ann. Wutr. Alim,, 1977, 9%, ¥ 4~6, 651.

15, Walter A. Pone, Jr, Memorial Symposiuam on Mycotoxips.

J.Amer.0il Chem.Boc., 1981, 58, NWo.12, 9724A.



Jax, 1234 MK BHHRTH



