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Myvotoxicosis Caused by Trichothecenea

Yoshio UENO

intrgducticg

Trichothec-nos are a group of chemically related sesqui-

terpenolds produced by fungi such as Pugarium, Trichothecium,

Trichoderma, Myrotheciuwam, Stachybotrys and gthers.Recently, se-

veral trichothecene compounds were lsolated from a higher plant,
In the present iime, more than 60 kinds of the trichothecenes
are identifled from the metabolites of fungi and plant or from
the transformed producta of these trichothecenea, as reviewed
in lit-ra;uro: (Ueno, 1977a, 1977L, 1980, 1983),

Chemically speaking, these trichothscenss are breafly sub-
divided into four categories: type A; T-2 toxin, HT-2 toxin,dia-
cetoxyscirpenocl and others, which are predominantly produced by
by Fuysarium sporotrichioides and others: type B; nivalenol and
deoxynivalenon (svomitoxin) from P ,graminearum; type ¢; orotocin
from Cephalosporium crotocigenums typs D; satratoxins, verruca-

rins, roridins and cthers from Stachybotrys, Myrothecium and
othera. Baccharinoids belong to this D type.

Toxicologically, all the trichothecenes are highly toxic
to animals and human, inducing dermal toxicity, hemorrhage in

inteatine and muacle, diarrhea, vomiting, cellular destruction
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in thywus, spleen, ovary, testis and epithelial membrane of in-
testine. The major toxic mechaniam of trichothecenes is the in-
hibition of protein in eukaryotes by binding to ribosomal gra-
niles., In animals and human, severe intoxication developed af-
ter consumption of trichothecens-pclluted feed and food. Ali-
mentary toxic mloukia (ATA), stachybotryotoxicosis, dendrochio=-
tdxicoaia. akakabi (red-mold) toxicoasis and others ars caused
by these trichothecenes, Recently, several approaches revealed
that some trichothecenes such ms deocxynivalenol, nivalenol ,T-2
toxin and others are found to be contaminated in cereal grains
and fendstuffs, and the contamination with trichothecenes is
one of great concern of health authorities.

In the preaaht paper, the detail of trichothecene problems
wers summarized from the standponts of chemiatry, toxicoses, my-

oology, and natural occurrence of the trichothecenes,
/1/ Chemiatry of trichothecenes

Trichothecenes possess the tetracyclic 12, 1j-epoxytricho-
thecene skeleton belonging to sesquiterpencida. More than sixiy
naturally occurring derivatives have been isolated from fungal
cultures and plants, and can be convinienily divided into four
categories acoording to similarity of functional groups (Uemo,
1917a).

The firat is characterized by @ functional group other than
a ketone af C-8 (type B). Nivalenol and deoxynivalenol belong to
thie group. The third is characterized by a second epoxide func-
tion at C-7, 8 (type CJ). The last category includes those con-
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taining & macrooyclic ring between C-4 and C-15 with two eater-
linkages {(type D). Satratoxins and verrucarins are representati-
/Pig. 1/ ve of the laat group, aa summariged in Fig. 1.

The naturally occurring trichothecenes are cclorless, moat-
1y c¢rystallihe, optically active solids which are generally so-
lubls in chloroform, ethyl acetate, acetons and alcohol. But,
their solubility to these Bolvents ars greatly differsnt depend-
ing on the chemical features, Por exampls, highly hydroxylated
trichothecenes such as T-2 teirmcl, desoxynivalencl and nivalenol
are sparingly soluble in chloroform, and are much soluble in al-
cohol and water.

41l of the trichothecenes poasesing an sster group are hyd-
roxylated to their corresponding parent alcohol upon treatmsat
with base. For example, T-2 toxin changea to T-2 tetraol via
HT-2 toxin and T-2 triol, Pusarenon-X (4-acetyl-nivalenol) yields

nirvalenol.

The 12, 13-epoxy ring is extremsly stable to nucleophilis
attack, Heating under acid condition causes an intermoleculsar res-
rengement of the irichothecene skeleton to the spotrichothecens
ring aystem,

The abssnce of conjugated unsaturated structure in most of

"the trichothecene mycotoxins results in no absorption in the UV

region with the exception of end absorption due to the unsaturs-
tion at C-3, However, the type D macrocyclic trichothecenes givs
characteristic UV spectra., The trichothecenes possess no fluores-

ence property.
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/11/ Trichothecene-producing fungl
T-2 toxin is one of important toxic trichothecenes belong-
ing to the type (A). This mycotoxin firat isolated from the cul-
ture of P, tricinctum (Bamburg et al., 1968). Subsequently, its
chemical derivatives such HT-2 toxin, acetyl T-2 toxin and neo-

aolaniolwere isolated from the culture of F, tricinctum and

others, Taxonomy of Pusarium spp. wors proposed by several re-

searchers, and recently I, tricinctum is classified into F,aporg-
trichioides.

‘ Decxynivalenol and nivalencl are important mycotoxins be-
longing to the type (B)., Nivalenol and its 4-acetyl derivatives
were isolated f;om the cultures of F.nivale Pn 2B (Tatsunc et al,
1968; Ueno et al., 1971}. Deoxynivalenol was isolated from Pusa-
riun-infeoted . barley (Morooka et al., 1972) and the cultures of
P.roseun (Yoashizewa et al., 1973), Vesonder et al. (1373) also
isolated this mycotoxin from molded corn with F,graminearum and
reported it under the name of vomitoxin, F,culmorum is also re-
ported to produce vomitoxin,

F.graminearum (imperfect stage of Gibberella zeae) is wide-
1y distributed in cereal grains and fields. By adopting single
apors 1aélation teéhnique. Ichince et al. (1983) examined the
producibility of deoxynivalenol and nivalenol in G,zeae. The
data revealed that all strains of G,zeas were chemotaxonomical-
ly subdivided into two typea; one produces only deoxynivalenol
nnd ite 3-acetyl derivative (DON~type)}, and the other producea
pivalenol and its 4-acetyl derivative (fusarenon-X)(NIV-type),

«nd no cross production of thess two type trichothecenes, Thia
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chemotaxonomical approach to $,zeae or F graminearum gives a

kay for natural contamination of cereal grains by nivalenol
and deoxynivalencl,
Aa for P,nivale Fn 2B, several taxonomists recognized it

as P.aporotrichioides, and other groups considered it as ¥ pra-

minearum., Taxcnomical position of F,nivale Pn 2B 1s remained teo
be aolved,

Qther non-macrocyclic trichothecenss have been lsolated
from the cultures of Trichothecium roseum (trichothecin, tri-
éhothecoloue), and Cephalosporium croticingenum {(crotocin, cro-
tocol, type C). Trichoderma viride, T,hamatum, T harzisnum, Hy-

pocrea pachybasioides, H, peltata, H, albofulva and H.shweinit-
zii are reported to produce trichodermin and trichodermol, Hypo-

greg is the perfect atage of some speclea of the genus Irichoder-
8.

Macrocyclic trichothecenes (type D) are produced by several
genera of fungi such aa Myrothecium, Cylindocarpon, Vertici-
monosporium, and Jtachybotrya. On these fungi, the most impor-
tant gpecles implicating mycotoxicosis ia Stachybotrys atra.The
Stachybotrys }n & kind of saprophytic fungi and frequently found
in cellulose-rich materials such as hay, straw, cersal graina
and others, and Bppley and Baily (1973) isolated toxic macro~
oyclic trichothecenes such as satratoxin C, D, F, G and H.

Anong these trichothecenes, satratoxin € And D had been pre-
viously identified as verrucarin J and roridin B, respectively,

which were produced by Myrothecium yerrucarie.
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Beside these trichothecsnes, Myrothecium verrucarip and
M.roridula produce verrucarin 4, B J, roridin A, D, B, and H.
Yerticimcongsporium diffractum produces vertimporin, and Clind-
rogcarpon 8p. produces roridin H, isororidin E, epoxyisorcridin
E and H, and diepoxyroridin H (Minato et &l,, 1975; Matsumoto
ot al,, 1977).

The unique occurrence of frichothecenes in & bigher plant
appears species specific since none of the other species of
Baccaris plantas has exhibited blological aotivity expected of
macrocyclic trichothecenes. Rrazilian shrub Baccharis megapotg-
Qigé was found to contain ca, 0,02 % {dry weight) of a series
of macrocyclic trichothecenes (called baccharinoides) closely
related in structure to the roridins and verrucarins (Kupchan
ot al., 1977).

Bacchrinoides can be divided into two subclasses based on
the subatitution pattern of the A ring; the baccharins, which
poasese a 9, 10-epoxide ring and the baccharinols, which possess
an B -hnydroxy group. One possibility of unique occurrence of the
macrocyclic trichothecenes in this plant is that the plant pos-
sessed & unique interaction with a soil fungus (e.g. a Myrotha-
ciun) that produces roridina, and these fungal trichothecenea

are then taken up by the plant and altered to baccharinoidea,
/111/ Trichothecene toxicoses

The 'direct evidences which prove the involvement of tri-

chothecene mycotoxins in buman and animel toxicoses are not

t¢learly reported in the present time, and only some avidences



Ie6l

PR
of implication by toxigenlc fungl capable of producing the tri-
chothoecenes, or of l1solation of ihe trichothecenes from the
food and feedatuffs explain some of the aymptoms of the toxi-
codes, In this respect, no anelytical epidemioclog, was carried
out for explknation of trichothocens toxicoses.

However, many approachea from mycology, chemistry, patho-
logy, and so-called "epldemioclogy" are demonstrating that some
of trichethecenss play an ilumportunt role for development of hu-
man and ;nimal toxicoses by comaumption of food and feedstuffs

molded with Pusarium and other .trichothecene-producing fungi.
{1) Alimentary toxic leukia (ATA)

The dissase, a Berious problem in the 1940's in the rural
region of the Soviet Union, seema to have now become a thing of
the past, having almost disappered since the 1950's.

From 1942 to 1947, mostly in 1944, over 10% of the whole
population of Orenburg near Siberia was totally affected by
wintered millet, wheat, and barly. The poisoning was c¢haracte-
rized by leukopenia, agranucocytosis, necrotic anginsa, hemorr-
haglc diathedis, sepsis, and exhaustion of the bone warrow, 80-
metimes causing death (Mayer, 1953; Porgaca and Carll, 1962),

By adopting skin-bicassay technique, P, sporotrichioides,
P, poae and other fungi were identified as the causative fungi
of this intoxication (Sarkisov and Kvashnina, 1948}, and sporo-~
fusarin, poaefusarin, epicladosporic acld and fagicladoaporic
acid were reported as the causative agents (Olifson, 1957a,

1957b).

14
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However, from the similarity betwsen the aymptoma of ATA
and toxicological featurcvs of the trichothecene mycotoxine,
the author and our collaborators analyzed the toxic principles

of P, sporotrichicides NRRL 3510 and P, poae NRRL 3287, which

were originally isolated by Joffe and used for deteotion of
tha trichothecenes, with the results that these fungi were able
to produce T-2 toxin and related tfichothecano mycotoxins
(Usno et al., 1972}. Toxicological approaches alno demonstrated
that these toxina induced dermal neorosis, hemerrhagic changes,
vomiting, and exhauastion of bone marrow, in similar to the re-
ported cases of ATA in man end farm animals, Another experiment
made by Mirocha and Pathre (1973) also demonstirated the pressn-
os of T-2 toxin in the sample of posefusarin obtained from
V.I.Eilal, '

But unfortunately no field experiment has been kmown to

prove whether the fungus can produce T-2 toxin in the natural

conditions as in Siberia, at concentration reasonably high enough

to induce ATA in man, and whether the toxicity of T-2 toxin waa
enhanced by other toxic metabolites of Fusarium and other spe-
cies of fungi.

A feeding experiment using adult Rhesus monkey revealed
that male animals receiving T-2 toxin in doas of 1 mg/kg body
woight/day died in 15 days with reapiratory failure, petechial
hemorrhageg on the skin, leuko- and thrombo-cytopenia. With a
sualler dose (0,1 mg/kg/day), leukocytopenia developed more
8lowly (Rukmini et al., 1980). The author's data also revealed
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that'cats intubated with T-2 toxin in dose of ©,05 mg/kg for 12
days caused a severe leukopsnia (Sato et al., 1975). Extrapolat-
ing from thess data, aymptoms of ATA can develop in a few weoks

in men ingesting aseveral milligrams of T-2 toxin/day.
{2) Akakabi irad-mold) toxicoases

The damage caused by Fusarjium app.in wheat, barley, carts,
rys, rice, and others 18 called by akakabi-byo (red-mold disea-
se, or scab disesse) in Japan. Excessive rainfall during earing,
floworing. maturing and bharveat gesnons waa favorable for endes-
mic &ovelopmant of this diseasse,

At an agricultural institute im Hokkaido, the morthern ia-
land of Japan, 75 persons suffered from nausea, vomiting and
diarrhea after 5-30 min of eating noodlea, The wheat kernels frow
which the noodles were made contained about 10-20% of acabyy
greina. Similar food-borne intoxication developed frequenily in
Tokyo, Kanagewa, and sometimes in Korea, as summarized by Yaoshi-
zawa (1983).

Mycological surveys on these toxic grains revealad the pre-

seace of Gibberella zeae (P, graminearum}, X, moniliforme, ¥,
herbarium, ¥, svenaceum and others. Prom F, nivals ¥p 2B 1s0la-

ted from damaged whoat samplea, nivalenol, fusarepon-X, and dia-
cetylnivalenol were isolated as the toxic pripciples of thia
strain, and from the metabolites of F,rosoum (e P, Zraminserum)
were isolated deoxynivalenol and its acetate,

Experimental toxicology revealed that these irichothecenes
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induced vomiting, dermal toxicity, diarrhea, hemorrhage and
damages in hematopoitic tissues, Furthermore, chemical analy-
ala indicated that nivalenol and deoxynivalenol ars the major
toxic trichothecenes in these cereal grains and products

{Usno, 1983,
{3) Moldy corn toxlcosis in USA

Development of toxicosis in farm animala after ingestion
of moldy corn is an irregularly occurring, long-sianding prob-
lem of great importance in the United States and others. The
préblemﬂ occurred in Wisconsain and other Midwestern atates in
1962, 1964, and 1965, These moldy corn samplea lnduced diarr-
hea, reduced mild production, unthreiftness, lack of weight
gain, and general feed refusal, In some casea, death with mas-
give hemorrhage in Btomack, heart, intestine, lungs, bladder,
and kidneys was observed in farm animals, Dy employing sakin
biomassay method, toxic fungus F, tricincum B24 was isolated
from moldy sweet corn and a highly toxic sesquiterpenocid was
isclated {Gilgan et al., 1966), This compound, dlacetoxyscir-
penol, was identical with the metabolite of F, scirpi and F,~
equiseti. Since the toxigenicity of the strain B24 was loat, a
more potent toxiﬂ-producer {T-2) of the same fungus was examl-
ned and a new motabolite, named T-2 toxin, waa isolated as a
crystalline material (Bamburg et al., 1968). HI-2 toxin (4-dea-
cetoxy T-2 toxin) was also isolated from the T-2 strain when
the same strain was cultured at lower temperature.

Toxicology with T-2 toxin end related trichothecenes in-

dicated that Lbso (ng/kg, oral) to a-day-old broiler chicks,
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was 3,22 (B-acetylneosolaniol), 3,8 (diacetoxyscirpencl), 4.97
(?-2 toxin}, 7.22 (HT-2 toxin), 24 (necaolaniol), and 3} (T-Z
tetraocl). In guinea-pigs, the LDSO {mg/kg, oral) was 0.5 (8-
sostylneosolaniol and HT-2 toxin), 1-2 (T-2 toxin .nd diacsto-
xysoirpenol), 4 (T-2 triol, T7-2 tetracl, and neosolaniol), The
substitution at the C~4 and C-8 positions gives a great effect
oh toxioity of the trichothecenea of type A.

In animals administared with 8-acetylnecaclaniol, HT-2
toxin or72-2 tetraacetate, hemorrhage in uterus and gastric
mucosa, but no such aymptoms were obaerved with T-2 toxin and
diacetoxyscirpencl (Kirocha, 1983).

In cattle, no hemorrhagic sings were obssrved in the ani-
mals treated with T-2 toxin and 1t ie doutfull that T-2 toxin
iw responsible for the hemorrhagic syndrome noted in “moldy
corn toxicoeia®™, Weaver et al, (1980} indicated that: the cow
refuaed a ration conteining 50 ppm of T-2 toxin, T-2 toxin pro-
duced clinical #igns in the cow and its calf characterired by
extrome congestion, no hemorrhagic lesions, and no changes in
blood chemistry and bone wmarrow. These data indicated that T-2
toxin ia not "involved in “moldy corm toxicosis™, As deacribed
in later, the only hemorrhagic sign in calves was observed with
stachybotryotoxicosis which was induced by the macrocyclic tri-

chothecenss of Stachybotrys atia.
(4) Stachybotryotoxicosis

The firat report of this disesse came from the Uxranian
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scientiat, K.I.Vertinakii (1940} in 1931, This toxicoais-wus
extremely important ir the Soviet Union and was designated by
the term "massive 1llneas (massovie zaboliavanie, MZ)", since
it caused the death of thousands of horszes.

The major clinical signa were divided into three stages;
Stage I 1s characterized by irritation of the mouth, throst,
nose and lips, swell;ng and aorénesa of the glands, and lasts
from 8-12 daye; Stage I1I is leukopenia and prolonged prothrom~
bin time, and lests 15-20 days; and Stege III is elevation of
body temperature, necroiic ulcers on mucous surface of the
mouth and throat, and it terminated with death (Forgacs and
Caril, 1962),.

According to the recent epizootological observation of
Salikov and Dzhilavyan (1977). the outbreak of stachybotryo-
toxicosis took place in Russia during 1950-1960, and the feed
contaminated with S, stra induced massive illnesses in cattls.

in Hungary, several inveatigators reported stachybotryo-
toxlcosls in farm animals and human. In 1973-1979, outbreaks
occurred in calves by feeding of straw and hay contaminated
with 3, atrn {« 3, sliternans). lassive hemorrhages in muscles,
subcutaneous connectlive tissues, serous and wucous membranes
wore obeerved., In some cases, necrotic leslons with degemera-
tivo changes of the adjointing tissue were reported. PField
obaervations suggested that swine also show susceptibility to
stachybotryotoxins when contaminated atraw is used for bedding.
Handling of contaminated litter and fodder may also be respon=-

sible for human disease, Inhalation or direct contact of the
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hkin or mucous memnbrancs gives rise to rhinita and conjesation
{S¢athuary, 1983),

4s for the toxic componenta of 3, atra, several macrocyc-~
lic trichothecenes, named as satratoxin ¥, G, H, and verruca-
rin J, and reridin B, were laolated from the cultures ({(Jarvis
ot al., 1983). All‘these toxina are highly cytotoxic and indu-
ce dermal necrosis, But no detailed toxicologlcal data were

reported,
{5) Dendrochiotoxicosis

Originally, dendrochiotoxlicoais was described ian 1937 in
the southern district of Russia aa & disease of horsea, It
was characterized by quick death, mostly within 32-24 hr, cya-
nosis around the mucous mewbranes of mouth and nose, hemorrha-
ge, accerelation of pulse, tachycardia, retardation of semimen~
tation of the erythrocytea, and rise in hemoglobin, erythrocy-
tea, and leukocytes. These findings indicated the impairment
of cardiovascular syatems of horses (Bilal and Pidopliske,1970),
Pendrodochium toxicum Pidopt et Bil was suspected to be the
cousal fungus of this disease, and four toxins, DI to DIV, wers
fractionated from the mycelia but thelr chemical structures we-
Te not clarified, Jince D, toxicum is presumed to be synonymous
with Myrothecium roridum which produces roridins and verrucaring,
and thia evidence indicated that this toxicoals waa induced by

uptake of these macrocyclic trichothecenes,

(7) Yomi'ing and feed refusal problems

Fusarie representative of the Gibbosum and Fusarium sectiona
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are common colonists in ceresal grains in the U.S, sorn belt.
Orains infected with membars of theae sectiona, especially
?, graminearum, often caused vomiting and refusal of feed in
gwine and other farm animals. A very severe G,zeae (perfect
siage of P, graminearum)} outbreak oc¢cured in 1972 im the U.S3.
corn belt extending from Pennsylvania to Kansas. Sporadic out
breéks have occurred in Indianna in 1958 and 1965 and in northe
wegt Ohioc in 197G, 1975, and 1977. EBxoesasive rainfall and mean
temperature below 70°P during silking were important for this
type of infection. A

‘ Field corn from northweat Ohio in 1972, infected premodi-
nantly with P, graminearum which caused vomiting and refusal
to eat in awine,,was shown to contain 40 g of vomitoxin per
gram (Vesonder et al., 1976). Toxicological aa well as chemical
approaches strongly revealed that the vomiting and refusal of
food were caused by vomitoxin (=deoxynivalenol} contaminated in

corn and other cereal grains.
(6) Other toxivoses

Other mseveral toxicoses of farm animals and hunan are sus-
pectied to be caused by the trichothecenes, but these observa-~
tions were made mﬁatly from the svidences that some toxigenio
Pusarium spp. were isclated from the causal feed and food sam-
ples, and these Fusarium stralns produced the trichothecenes
in laboratory cultures, .

Bean-hull polsoning of horses was developed aporndicﬁlly
in Hokkaido, the northern island of Japan. Konishl and Ichijo
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11970) raported 270 cases of horse poisoning during 1955-1959.
The high incidencs waa observed during winter or early spring
when the stored bean-hulls were uded aa a feed, and the moria-
lity reached to 10-15 % with the major findinga of diaturbance
of central nervus and cardiovascular aystems. Histologioally,
venous hyperemia, hemorrahge in the loptomaningos and brain,
scattared degeneration of the nervus oslls in ths cerebral cor-
tex, and .malfunotion of livers.

Several toxigenio strains Pf Pusarjum spp. wor; isoiated
froa bean-hulls, and from the atrain M-1-1 of z‘_gglgg; (revi-
ced to P, sporotrichiojdes) was isolated T-2 toxin, neosolani-
ol and other triochothecensa (Ueno et al., 1972). In a horde ad-
ministared with fusarenon-X or T-2 toxin, messive hemorrhage in
the inteatine and muscle tissues were observed but no disturban-
ce in the ocentral nervus system was observed {(Ohkubo and Ueno,
published), It ia not certain whether the bean-hull poisoning
of horses was induced by the triohothecenes.

Bquina leukoenoophnlomnllein reported in South Africa (Ma-~
rasas et al., 1979) is very aimilar to.tho above bean-hull poi-
soning of horses in respeots of nervus diaorder anq hepatopathy.
2, moniliformg had been & putative fungua but one of ita meta-
bolite, moniliformin, bas not been proved s the causative agont
{Kriek et al,, 1977).

An disease of an obacure etlology, having ayndroms aimiiar
to chronic ergotism and fesoue toxloity, occurs in certain rice
growing areas of Indis and Pakistan. It affeots buffaloes (Duba-
lus bubalis) and occasionally zeru oattle. Polaonoun plants and
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fodder, bacteria, protozoa, ergotism and others were auspected
as the cause but no specific cause was clarified., Thie disease
1; associated with winter season when rice straw was fed to the
animals, especially buffalo and cattle, and characterized with
ledions on the taill, eara, tongue and othera, Upon feeding rice
straws from the affected field, gangrene of the tail developed
and died within 25 days, and no aignificant lesions were obser-
ved in buffalo fed control straw, Fusarium equiseti was suspec-
ted to ons of causative fungl and some mycotoxina were presumed
to be causative of this disemse (Kalra et al., 1977). Chemical
analysia of the ether extract of rice straw samples revealed
the presence of trichothecenes (Bhatlia et al,, unpublished),

In Africa, there is & clear association betiween corn cul-
tivation and esophageal cancer occurrence. The highest lmown
esophageal cancer rate in Africe occura in the southwestern dis-
tricts of the Republic of Transkeil, while the rate in the nor-
thern region of the country 1ls relatively low, Corn is the main
dietary staple in dYoth areaa, and the level of natural conlami-
nation of corn kernels with deoxynivalenol and zearalenone was
conaiderably higher in the high-incidence area of esophageal
cancer than in the low-incidence area (Marasas et al,, 1979).
All the t;ichothecenea are highly irritant to the mucous membra-
nes, and basal cell hyperplasia of the rat esophageal squamous
epithelium was resulted after T-2 toxin exposure (Bchoenial et
al., 1979). Prom these obaservasion, incidence of esophageal

cancer was suspected to be caused by uptake of the trichothecene

mycotoxina. Recentyl, a mutagenic product was isolated from the
L4
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metabolites of P, moniliforms, one of wide-spreading fungi in
oereal grains (Gelderblom et al,, 1983),

Further experiments are needed for the evaluaiion of toxic
metabolites of Fusarium spp. in association of cancercus changes
of humnn tissues.

Peragra is a condition found in peaple subsisting on poor
diets, wmainly among corn and miliet eaters, as a result of try-
ptophan deficiency. Originally pellagra was suspected to be du;
to deficlency of niacin, but subsequently it was recognized the
deficiency of other vitamina B, especially riboflavine. It 1s

well known that contamination with Pusarium mycotoxins in corn

oen gometimes be very serious. The posaibility that the t}icho-
thecenes may be invelved in pellagra is supported by its seaso-
nal incremsed occurrence during spring and early summer, when
food suppllies became exhausted in the developing contries. Fur-
thermore, experimental toxicology revealed that the trichothecse-~
nes are a skin irritant, can cause depigmentation of dark hair
and a trﬁnaitory increase in the urinary excretion of copropor-
phyrins in rats, The symptoms of pellagra invelve striking akin
changes, hyperkeratosia, patchy distribution of bdbiack hyperpig;
mented black area interspersed with hypopigmented pale ohes,
gasirointestinal disorders and neurological diatu;bancea. Thesov
8imilarities between pellagra and trichothecene toxicoses present
a hypothesis that the trichothecenes may cause pellagra in those
who consums Fygsarium-molded cereals (Scﬁoental, 1979, 1980).

/IV/ Batural occurrence of trichothecenas

During the past ten years, several methods for detection
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and quuntltntion of the trichothecene mycotoxins have developed
and applied for monitoring the contamination level in feesd and
foodstuffe. After the finding that Canadian grains are heavely
oonﬁaminated with vomitoxin, extensive ressarches are now con-
ducting 1n several countries,

Accumulated date indicated’ that Canadien and the V.3, cornm,
barlsy and wheat samples are contaminated with vomitoxin {=deo-
xynivalenol) in range of 10~-7000 g/kg. In England, 90% of U.K.
grown barley samples was contaminated with vomitoxin in levsel
of less than 20 g/kg, end the barleys containing deoxynivele~
nol (0.02-0.36 mg/kg) were wmoatly feeding samples,

In South Africa, deoxynivalenol was detected from corn
sanples in significant level of 250-4000 g/kg. In Japan, both
deoxynivalencl and nivalenol are detecting from freshly harvest-
ed barley and wheat in ppm level, Purthermore, 27-65 ppb of deo-
ryaivalenol and 37-190 ppb of nivalenocl were detected from com~
wmercial parched-barley flours, which are commonly used as a food
in local region,

Thess findings pointed out the following two evidences:

(1) deoxynivalenol 1s the major pollutamt of grains in the U,S.,
Canada, England and South Africa, while both deoxynivalenol and
nivalenol are presented in Japansase grains; and (ii1) the tricho-
thecenes are atill remained in flours after willing proceasing.

Toxicological data for vo~lioxin suggested that the conta-
wminant 18 "not very toxio", since that single dose tests on
adult mice showed an LD50 of 46 mg/kg for males fed orally, and
T0 mg/ kg for males via 1ntgaperitoneal injection, LDBO for female
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mice was 77 mg/kg via intraperitoneal injection, In 1983, the
Canadian government recommended the "level of concern" to 2.0
ppm of vom%toxin in wheat graiéa producta for adult hunan con-
sumption, and 1.0 ppm for infant foods, The Pood and Drug Ad-
miniatration of the United State ia expectsd to issue an advi-
sory opinion that a "level of concern™ of 1 ppm be set for vo-
mitoxin in finished wheat products for human consumption. FDA
will also advice that "a level of concern® of 2 ppm be eatabli-
shed on wheat as it enters the milling process. :

Toxicological data on nivalenol revealed that a LD50 of

4.1 mg/kg for male adult mice via intraperitoneal 1nJe;tion, and
new borne mice were about ten times higher that adult in their
pusceptibility to the trichothecenes, In this respect, "the le-
vel of concern” of nivalenol should be much‘lower than that of

deoxynivalenol (wvomitoxin),

Summary

(1) Trichothecene mycotoxins composed from more than 60 kinda
of chemically clossd derivatives, and produced by various )
species of fungl and a higher plaent,

{2) No direct evidencea that the trichothecenes induced the
acute and subacute toxicoses in human and animals, but
ssveral epproaches from mycology, toxicology, pathology,
and apldemiology strongly supported that ATA, red-mold
toxicosis, atach:botryotoxicodia, moldy corm toxicosis,

and vomiting and refusal of feed are causad by the uptake
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¢f trichothecenes contaminated in cereal gralns and feed-
stuffs,

(j)Thero are several hypothesis that etiologically unknown
disesses such as peragra, esophageal cancer, and others,
‘are caused by the trichothecenes,

{4)In Cenada, the United States, and Europe, vomitoxin (=deoxy-
nivalenocl) is highly contaminated in wheat, barley and corm,
and in Japan both vomitoxin and nivalenol are the major con~
taminant in ocereal grains and their producta,

(5)It 18 very hard to eliminate the trichothecenes from cereal
grains by milling and other food procesaing,

(6)Governmental control of the contamination of trichothecenes
is urgently requested for protection of human health from
hazardous trichothecene mycotoxina.

(7)International co-operation aystem in regards to the informa-
tion on eanalytical methoda, supply of standard trichothece-
nes, taxonomy of trichothecene-producing fungli, and toxicolo-

glcal data, should be set up.



=2k
REFPERENCES

Bamburg, J.R., Riggs, N.V. and Strong, P.M. (1968): Tetrahedron,
24, 13329-32336.

Bilai, V.I. and Pidopliske, N.M, {1970}: Toxjgenic Microscopica)
Pungl (in Russian), Jaukova Dumka, Kiev.

Ehatia, K.C., Ishii, K. and Ueno, Y. unpublished data.

Bppley, R.M. and Bailey, W.J. (1973} Sclencs, 187, 758-760.

Porgaca, J. and Carll, W.T, {1962}: Advanceg Voi, Sé;.. 7, 273~
jsz. _

Oelderblom, W.C.h., Thiel, P,0., Van der Merwe, W.F.C.Narasas,
and Sples, H.8.C, (1983): Toxicon, 21, 467-473.

0ilgan, W.W., Smalley, E.B. and Strong, P.M. {1966): Arch.Bio-
chem, Biophys., 114, ¥-3.

lchinos, M., Sugiure, Y., Kurata, H. and Ueno, Y. {1983): Appl.
Environ, Kiorobigl., in preaé.

Jarvia, B.B., Eppley, R.M. and Mazzola, E.P. (1963): In Zricho-

1 Agpects (Ed.

hecenes hemica Hiologlcs and To C

Uenc, Y.), Kodansha/Elsevier, p. 22-38,

Kalra, D.3., bhatia, K.C,, Gautam, 0.P. and Chauhan, H.V., 3,
{1977)1 Ann, Nutr Alim., 31, 745-752. |

Konishi, ?. and Ichijo, S. (1979): Rea, Bull, Obiliiro Univ.,
6, 242-257. (in Japaneae)

Kriek, H.P., Marasas, W,P,0,, Steyn, P.S., Van Rensburg, S.J.
and Steyn, K. (1977): Pood Cosmet, Toxicol., 15, 579-567.
Kupchan, S.M., Streelman, D.R., Jarvis, B.B,, Dailey, R.G. and

Sneden, A.T. (1977): J,0rg,Chem., 42, 4221-4225.
Ohkubo, K. and Ueno, Y., unpublished data.

.



~22-
Karasas, W.P,0,, Kriek, N.P.J,, Van Rensburg, 35.J., 3Jteyn, M,
" and Van dchalkwyk, G.C. (1977): S,Afr, J,Sci., 73, 346-349.
Marasas, ¥.P.0,, Van Reanburg, 3.J., and Kirocha, C.J. (1979);
Jsapric, Yood Chenm,, 27, 1108-1112,
Matsumoto, ¥., Minato, H., Tori, K. and Ueyama, M, {(1977):
retrahedron Lett,, 4093-4096,
Mayer, C.F. (1953): The Wilitary Ourgeon, (SJeptember), 173-189.
Minato, H., Katayama, K, and Tori, K. (1975): Tetrahedron Latt.,
2579.
Mirocha, C.J. (1983): In Trichothecenes-Chemical, Biological
and Toxicol&gical Aspects (Ed. Ueno, Y.), Kodansha/Elsevier,
177-194.

Korocka, N., Uratsuji, N., Yoshizawa, T. and Yamamoto, H. (1972):
J, ¥Yood Hyg, Soc, Jpn,, 13, 368-375. 7

Olifaon, L.E. (1957a): Monitor, Orepburg Sect, of the USSR, D,J.
Kendeleyev Chem, Soc., 7, 21. (in Russian)

Olifson, L.E. (1957b): ibid., 7, 37. (in Russian)

Bukmini, €., Prasad, J.S., and Reo, K. (1980): Pood Cosmet,To-
1icol., 18, 267-270.

Salikov, M.I, and Dzhilavyan, Kh.A. (1977): Sym, Mycotoxins,

Producers, Chemistry, Bjosynthesis, Detection and Effects
of the Organisms Ed, Olifeon, L.E.)}, p 106. (in Russian)

Sarkisov, A.Ch. and Kvaeshaina, E.S5. (1948): Publ, ¥ip, Arric.
Moscow, 69. (in Russian)

date, M., Ueno, Y. and Enomoto, M. (1975): Japn, J, Pharmacol.
25, 263-270.

Schoental, R. (1979): Igterm, J. Environ, Studies, 13, 327-330.



=23~

Jchoental, H, (1980): Bjochem, Soc, Trans., 8, 145-150.

Schoental, R,, Joffe, A.Z, and Yagen, B, (1979)1 Cancer Res.,
39, 2179-2189.

Sgathmary, C.I. (1983)1 In Irjichgthecenes~-Chemica}, Biologi-
¢cal and ‘i‘gxiog],p_g;cg; dspactyg (Bd, Ueno, ¥.), Kodansha/El-
sevier, p. 229-250,

fatsuno, T., Saito, M., Bnomoto, M. and Teunoda, H. (1968):

nggl Eggrg. Ell.. 16. 2519-2520,
Usno, Y. (1977a): In Mycotoxins in Human and Animal Health (Eda.

Rodricks, J.V., Heasseltins, C.W, and Mehlman, M.A.).p. 189~
228, ‘

Usno, Y. (1977b): Apn, Futr, Alim., 3%, 885-900.

Usno, Y. (1980): Adv, Nutp, Res., 3, 301-356.

Ueno, Y. (1983)1 Irichothecenes--Chemjcal, Biglogicgl and Toxi-

cological Aspectg (Ed,), Kodsnsha/Elsevier.
Ueno, Y., Usno, I,, Iitoli, ¥,, Tsunoda, H., Enomoto, M, and

Ohtsubo, K. (1971): Jpn, J, Exp, Med., 41, 512-539.

Ueno, Y., Sato, ¥., Iahii, K., Sakai, X. lﬁd Bnomoto, M. {1972):
Jon, J, Bxp, Med., 42, 461-472.

Vertinekii, K.I,, (1940): ¥gterinariya, 17, 61.

Vemonder, R.P., Ciegler, A. and Jensen, A.H. (1973): Appl.
Micropiol., 26, 1008-1010, .

Vemonder, R.F¥., Cirgler, A., Jensen, A,H., Rohwedder, W.K. and
Weisleder, D. (1976): Appl, Environ, Microbiol., 31, 280-285,

Weaver, G.4,, Kurezt, H,J., Mirocha, C.J... Batea, P.Y,, Behrens,
J.C., Hobinson, T.3. and Swanson, 3.P, {1980): Can,Vet,J.,

_210-213,



~24-
Yoshizqwa, T. and Morooka, M. (1973)+ Agrig, Biol, Ghem., 37,
2933-2934.

Yoshizawa, T. (1983)s In Izighothecenes--Chemical, Biologhosl
and Toxicological Aapects (Ed, Ueno, Y.), Kodansha/Elaavier,

p. 195-209,



ad - o a?
Name Rl r2 R3 R4 w3
Trichodermol H o] H H H
Trichodermin R Ohc H ] R
Verrucarel M OH OH H H
Calonacerin Ohe - H OAe " H
Scirpentriol oH OH OoH H ]
&-Acetoxyscirpenol oY Ohc oH H H
13-Acetoxyscirpanol OoH oH OAe H R
Discetoxyscirpenol o OAc OChc f H
T-1 tatraol O’ oH oH H OH
Neosolaniol o Ohc Ohc . R OH
f8~Acatylneosclaniol 0!! DAc OAc ' H OAc
KI-2 toxin oM OH OAe " OCOCH CH{CH ) 2
-2 toxin oM Ohe OAc n WbCHjCH{CHJ)Z
T-Hydroxydiacetoxy~ [+ ] Ohe GAc od H '
scirpenol
7,3-Dihydroxy- OH CAc OAc oH oH

diacetoxyscirpenol

Fig. 1-1 The chemical structure of some trichothecenes containing a
substituent other than a ketone st C-8 {type A).



Name xl r? &l 3]

Trichnthecolone . H OH R "
Trriehothecin R OCOCH=CHCH y H 1
Deoxynivalenol OH ] DH OH
I-Acecyldeoxyniva lenol OAc H OH O}t
3, 15-Diacetyldeoxynivalenol 0Ac R OAc CH
Nivaleno} OR ol . OH OH
Fusarenon-X OH CAc OH OH .
Discetylnivalensol . OH OAc’ OAc oH

Fig. 1-2 Tha chemical structure of some trichothecenes containing a
ketone at C-8 (type B).
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Crotocin 'H ~0COCH=ClCHy

M ,80-Epoxyroridin H

Baccharin

Fig. 1-3 The chemical structure of some trichothecenes containing a second epoxide ring at C-7,8 or €-9,10 {type C}.
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Roridin A

Roridin D

Roridin

Satvatoxin H

Verrucarin A

Yervucarin B

Verrucarin J

Fig. 14 The chemical structure of some trichothecenses containing a
mactacyclic ring hetween C~4 and C-15 {zype D).
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