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ABSTRACT 0
. - BB R R
The A%-12,13-epoxy-trichothecenes are a group of 37 naturally 0 1.9 OH OAc OAc isovaleroxy
occurring sesquiterpenoids produced by species of Fusarium, R HI-2 OH OH OAc isovaleroxy
Stachybotrys, Myrothecium, Trichoderma, and Cephalosporium. They ; CH, Diasetoxyscirpeng) OH  DAc DAc H
are responsible for a variety of mycotoxicoses in man and animals that Ry | ;  Neosolamiol OH OAc OAc  OH
may be manifested by severe dermatitis, vomiting, bloody diarrhea, R Monoacetoxyscirpencl 0K OH  OAc i
decreased weight gains, extensive hemorrhaging, and death. Out- Figure 2. Structures of 8-keto trichothecenes.
breaks, which have occurred in Russia, Europe, the United States,
Japan, and Korea, usually result after cereal grains in the field have
been exposed to prolonged cool and wet weather. Hence, these 0 R Ry R, Ry Rs
mycotoxicoses do not appear to be a problem of faulty grain storage, L T o Y
since they involve field fungi primarily rather than storage molds 0 Hivaleno| O ot o OH
’ 0 Fusarenon-X  OH OAe OH  OH
CH, Yomitoxin OH Hz OH OH
Ry | CHy ) Trichothecin ~ H QOCCH==CHCH; H H

The trichothecenes are a family of about 37 naturally
occurring sesquiterpenoids produced by various species
of fungi. They are derivatives of the trichothecane ring
system (Fig. la) named after trichothecin, the first
member of the group to be isolated. All of the naturally
occurring toxins contain an olefinic bond at 9, 10 and an
epoxy group at 12, 13 and, therefore, may be
characterized as 12, 13-epoxy-trichothecenes (Fig. 1b). In
addition, most of these toxins have at least one —OH or
ester group at position 4 as in Fig. 1b. The compounds
can be subdivided into groupings based on substitution
at position 8 and the presence {or absence) of a
macrocylic ring (Fig. 2-4).

Additional subgroupings are possible, e.g., the
presence or absence of an epoxide between positions 7
and 8 as in crotocin and crotocol. '

1a 1b

Figure 1. Basic ring structures of trichothecane and 12,13-epoxy-
trichothecenes.

Figure 3. Structures of trichothecenes substituted at position 8.
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Figure 4. Structures of macrocyclic trichothecenes.

FUNGAL SOURCES

The 12, 13-epoxytrichothecenes are produced by
members of a number of fungal genera including
Fusarium, Stachybotrys, Myrothecium, Trichoderma,
and Cephalosporium; but pragmatically, with respect to
serious contamination of food or feedstuffs, we will be
concerned primarily with members of the genera
Fusarium and Stachybotrys. Considerable confusion
exists concerning the taxonomy of the fusaria, and I am
not qualified, nor is this the time and place, todiscuss this
aspect; I will use, in general, the simplified nomenclature
of Snyder and Hansen who recognized only nine species
of Fusarium (26).
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Figure 6. Narural occurrence of vomitoxin (deoxynivalenol).

0
f3C oK ,
F. graminearum
—0
0 L~ Barley, lapan

Toxin Mice {mg/kg} oY ! 2 CHg
FLSZ’.X""E‘Y}~X 3.3 O
Nivalenol 4.1
Vomitoxin 50.0 ivalenel
T-2 32
HT-2 c:J,a;; Worooka e of (19)
Diacetexyscirpensi 23.0
Trichotheein < 250 Figure 7. Natural occurrence of vomitoxin and nivalenol

=g
¢ L

’_")
“a
w

YVerrucarin A

H\///\YU\ L

! ! ]~— Samples Animal
L R Feed {2)  Swine [Hemorrhage]
~ T o L pig Hinn.

the [ " 300500 e /ke

Qhe

iacetoxyscirpene!

Yomitoxin Corn, mixed feed () Hidwest
Refusal, vomiting, pigs. dogs
Conc. 58-1800 ug/kg

zed {1}
'undy stools

e =

Hirocha o o {17}

Figure 8. Natural occurrence of trichothecenes in feedstuffs.
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contaminated rice or wheat products (23) and in Russia
from eating bread baked with scabbed wheat (¢,20). The
literature is extremely confusing on the causative toxin;
various investigators have shown that a number of
trichothecenes can elicit vomiting in laboratory animals.
I suspect that most trichothecenes can cause vomiting on
ingestion. However, this is not the point; the question is
rather which toxins actually occurring in the field are
causing toxicoses; which are major, which are minor; do
they interact? To date, definitive experiments to clarify
all these questions have not been carried out.

The refusal-vomition phenomenon has been described
as caused by F. poae which produced T-2 tozin (5,15)
or by presence of fusaranone-x or nivalenol (29,30).
Vesonder and his colleagues (32,33) at our laboratory and
later Ishii et al. (I0) have definitively shown that F.
graminearum which produced vomitoxin (deoxyniva-
lenon) in corn was the cause of both refusal and
vomiting. Morooka et al. (I9) earlier had isolated
vomitoxin from contaminated barley but had not
characterized it. The most recent outbreak of fusario-
toxicosis on large scale was in 1972 and involved cornin a
region stretching from Pennsylvania to Nebraska. FDA
personnel analyzed 223 samples of this corn (7), and 93 of
173 samples contained a skin irritant by the rabbit skin
test. We have started an analysis of 10 of these samples
and have found vomitoxin and T-2 in scme; these assays
are continuing.

Previous outbreaks of fusariotoxicoses of cereal grains
in the United States which caused intoxication in swine
occurred in 1928, 1957, 1958, 1964, 1565; an outbreak in
1963 caused nausea, vomiting, abdominal pain, and
diarrhea in humans (3).

T-2 toxin produced by F. sricinctum has received most
attention among the trichothecenes for a variety of
reasons; mycotoxicoses believed caused by a trichothe-
cene are often ascribed to this compound, even without
evidence. However, in the United States F. graminearum,
a non T-2 producer, occurs more often than F.
tricinctum. Nevertheless, a well-documented case where
T-2 toxin caused deaths among dairy cows in Wisconsin
was reported by Hsu et al. (9).

A disease syndrome in pouliry and fancy pigeons
(characterized by raised yellowish-white lesions in the
oral cavity, on the feet and shanks, and around the eyes)
observed in the Southeast could be mimicked by feeding
chickens small concentrations of T-2 toxin (@5-37).
However, T-2 toxin was not isolated from the feed
involved.

TABLE 2. Fusariotoxicoses in Sweden

The most dramatic mycotoxicosis, probably involving
T-2 toxin as well as other trichothecenes, was the
previously mentioned ATA that occurred in Russia
during WWII and earlier. Because of the inadequate
state of the scientific art at that period, the toxic agents
involved were reported to be steroids (//). More recent
work has clarified the situation so that strong
circumstantial evidence implicates T-2 toxin as the major
toxin involved (12,16,39).

F. tricinctum capable of producing T-2 toxin and a
toxic butenolide have been isolated from toxic fescue
grass (§). However, the dry-type gangrene which occurred
in cattle eating this contaminated forage has not been
reproduced by administration of these substances.

Fusariotoxicoses have been reported throughout the
world; Tables 2 and 3 partly illustrate the problem as
occurring in Sweden, Korea, and Japan.

Stachybotryotoxicosis, a haemorrhagic disease of
horses, cattle, and swine consuming hay or other
cellulosic feeds molded with Stachybotrys atra, has been
reported to occur extensively in Russia, in the Balkan
countries, and possibly in Israel and Finland (14,1625,
27,28,31). Experimental stachybotryotoxicosis has been
developed in poultry (21,24). In addition, peasants in
these areas have suffered severe vesicant effects from
sleeping on contaminated hay. Eppley and Bailey (6) at
FDA have found five trichothecenes produced by §. atra
which probably account for the symptoms observed.
Stachybotrys and stachybotryotoxicosis have recently
been reviewed in extenso (22).

in addition to the preceding mycotoxicoses apparently
caused by various species of Fusarium, Fusarium
moniliforme on moldy corn appears to be implicated in
equine leucoencephalomalacia in South Africa, Egypt,
and in Louisiana, where swine as well as horses are
affected (Z,13). We have isolated F. moniliforme from
toxic Louisiana corn, but we have not as yet been able to
detect the presence of trichothecenes. Herein lies the
crux of the overall problem—practical analytical
methods for detection of trichothecenes in contaminated
agricultural commodities have not been developed. It is
obvious from the widespread occurrence of the fusaria
and their enormous capacity for toxin synthesis that a
potentially serious fusariotoxicosis problem can exist
throughout the world. However, defining the magnitude
of the problem awaits development of assays to permit
the necessary surveys.

Those outbreaks which can attributed to trichothe-
cenes have been dramatic. Less obvious and perhaps

Fungus Source Host Symptons
Fusarium moniliforme Qais, feed Horse, Colic, gastric,
chicken growth loss
Fusarium tricinctum Hay, feed Sheep, cow, Gastric, respiratory.
pig, chicken, anorexia, growth loss
Fusarium sporotrichiodes Hay Cow Respiratory
Fusarium poae Hay, oats, Cow, horse, Colic, gastric,
feeds pig, chicken anorexia, growth loss
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more important are toxicoses exerting insidious effects.
Boonchuvit et zl. (2} showed an increased mortality in
chickens dosed with T-2 toxin and later subjected to
infection with Sa/moenella species; hens exposed to T-2
exhibit lowered egg production, thinmer shells, and
concomitant reduced feed efficiency and weight gains
(34). Similar loss of feed efficiency and weight gains have
heen noied on farms where pigs have been fed corn
contaminated with F. graminearum.

Another neglected aspect deserving attention is
potential synergistic activity among the trichothecenes.
Many fusaria and S. afra can produce more than one
toxin, e.g., F. #ricinctuwm: T-2 toxin, HT-2 toxin,
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neosolaniol, diacetoxyscirpenol; F. roseum gibbosum:
monoacetoxyscirpenol, scirpentriol; S. atra: satratoxin G
and H, plus others; F. nivale: nivalenol, fusarenon,
nivalenol diacetate; F. roseum: nivalenol, vomitoxin,
monoacetoxydeoxynivalenol. Under the circumstances, it
is not surprising that the following variety of diseases
described under numerous terms all turn out to be
primarily trichothecene toxicoses: ATA, refusal-vomition
phenomenon, haemorrhagic syndrome, moldy bean hull
toxicosis, akakabibo toxicosis, cereal scab or scabby
grain toxicosis, drunk bread (intoxicating bread)
toxicosis, stachybotryotoxicosis, dendrodochiotoxicosis
(myrotheciotoxicosis), and fusariotoxicosis.

TABLE 3. Fusariotoxicoses inJapan and Korea

Date Grain Host Symptons

1932 Wheat Horse, man Vomiting, diarrhea

1946 Flour Man Vomiting

1950 Wheat Man Vomiting

1954 Oats Horses —

1955 Wheat Man Vomiting

1956 Wheat Man Nausea, vomiting,

diarrhea, chills

1963 Wheat, oats Horses, sheep, man, Vomiting, diarrhea
corn, barley pigs, dogs

1969 Fodder Horses o

1970 Wheat Chicken —

Fusaria isolated: F. graminearum, F. nivale. F. poae, F. oxysporum, and others.
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