











Table II. Results of Mouse Assay of Extracts of Fungi from Collected Grass Samples

Source of Isolate

Known Toxic Fescue

Possibly Toxic Fescue®

Orchard Grass”®

Genus Total Toxic®  Questionable° Total
Alternaria 18 0 5 3
Cladosporium 28 0 7 2
Epicoccum 28 1 2 4
Fusarium 29 13 5 16
Mucor 11 0 0 6
Other 32 0 3 5

Toxic Questionable Total Toxic Questionable
1 1 3 0 0
0 0 5 0 0
0 1 3 0 0
7 4 5 3 0
0 0 0 0 0
0 0 2 0 1

@ This grass was from a farm near Sturgeon, Mo., which apparently is toxic every year. Since there were no cattle on the field, we do not know

if the field was toxic when these samples were taken.

b This grass was gathered for a control from a field near the known toxic fescue.
¢ “Toxic’’ means that one or both extracts killed two of two mice within 4 days. “Questionable’” means that one or both extracts Killed one of

two mice or made two of two mice noticeably sick within 4 days.
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Figure 8. Mycotoxins from Fusarium tri-
cinctum NRRL 3249

the compound is produced at room temperature. Isolates
from the parent strain may lose the ability to produce
the butenolide through repeated transfers on agar slants
incubated at room temperature. This loss may occur
after only one transfer on agar slants and is usually
accompanied by a change in pigmentation. The usual
vellow and red pigments are replaced by dark reddish-
brown pigments, and the colony appears tan.

The butenolide has an LDxo in mice of 43.6 mg. per
kg. body weight by i.p. injection and an oral toxicity
of 275 mg. per kg. (Keyl, 1966). It has weak antibiotic
properties (Yates et al., 1968). At a concentration of
10 mg. per ml., 11 of 14 bacteria and two of three molds
were markedly inhibited. Only slight activity was de-
tected at 1 mg. per ml. and none at 0.1 mg. per ml
Useful antibiotics are active at concentrations of 0.1
mg. per ml. or less. However, microbial inhibition might
serve as an assay nmethod at concentrations of 10 mg.
per ml. or more (Yates er al., 1968).

To make material available for tests in cattle, investi-
gators at the Research Triangle Institute (Wall, 1968)
synthesized 4-acetamido-4-hydroxy-2-butenoic acid-y-
lactone by the method shown in Figure 9. They found
that furfural was a better starting compound than furan
(Schenck, 1953) for photochemical conversion to 4-
ethoxy-4-hydroxy-2-butenoic acid-y-lactone. This prod-
uct was purified by distillation, and in the next step the
ethoxy group was replaced by the acetamido group. The
butenolide was isolated by chromatography, precirita-
tion, and sublimation in an over-all yield of 9%.

In addition to the butenolide, Burkhardt isolated 8-
(3-methylbutyryloxy)-44,15-diacetoxyscirp-9-en-3q-0l
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Figure 9. Synthesis of 4-acetamido-
4-hydroxy-2-butenoic acid-v-lactone

(Figure 8) from F. tricincturn NRRL 3249. The organ-
ism was grown either on Sabouraud’s maltose broth at
3° C. for 20 to 30 weeks or on winter wheat at 3° C.
for 10 to 12 weeks. Burkhardt was in the process of
characterizing this mycotoxin when he learned of a
similar scirpenol described at the American Chemical
Society’s 152nd National Meeting (Bamburg et al.,
1966). Samples from the two laboratories proved to be
identical by direct comparison. There was no detectable
depression of a mixed melting point, their infrared
spectra were identical, and the samples had similar opti-
cal rotations (Yates er al., 1968). This mycotoxin was
originally named as a derivative of scirpenol; however.
Godtfredsen et al. (1967) proposed an alternative
nomenclature which refers to such sesquiterpenes as de-
rivatives of trichothecane.

NMR was used to identify 8q-(3-methylbutyryloxy)-
43.15-diacetoxyscirp-9-en-3q-ol in crude extracts of F.
tricinctm NRRL 3299 (obtained from E. B. Smalley.
University of Wisconsin). An ethyl acetate extract of
an agar culture was evaporated to dryness, and the resi-
due triturated with CCly. The CCly extract from a single
petri plate was sufficient for an NMR spectrum to show
key peaks reported (Bamburg et al., 1968) for the pure
scirpenol derivative.

Burkhardt also isolated a third toxin of unknown
structure from Sabouraud’s maltose broth (Yates et al..
1968). This isolate had about the same order of toxicity
as the butenolide. In Sabouraud’s maltose broth. the
F. tricinctum NRRL 3249 organism produced the three
toxins in the ratio of 87:8:3 for butenolide, unidentified
toxin, and 8a-(3-methylbutyryloxy)-43,15-diacetoxy-
scirp-9-en-34-0l (Yates ef al., 1968).

CONCLUSIONS

Alkaloids from Festuca arundinacea apparently do not
cause fescue foot, at least by themselves. Toxic sub-
stances are produced by a strain of Fusarium tricinctum
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isolated from a pasture where cattle developed fescue
foot after grazing. Larger quantities of these toxins
were produced when the cultures were subjected to cool
temperatures. Of all the molds from samples of tall
fescue taken from a pasture after a later outbreak of
fescue foot occurred, approximately 20% were Fusar-
ium. About one-half of these Fusarium isolates pro-
duced toxins on synthetic media at 15° C. However,
about the same proportion of toxic Fusarium isolates
were obtained from orchard grass. If Fusarium toxins
are crucial in the etiology of fescue foot, other factors
may be involved, such as intensity of infection of the
pasture and synergism with other compounds in fescue.
Alternatively, the combination of cold environment and
ingestion of the responsible mycotoxin may be sufficient
to cause the disease; accordingly, it may have become
associated with tall fescue simply because this grass is
so commonly used as a winter pasture. In any event,
Fusarium organisms cannot be conclusively blamed
until substances produced by them have been shown to
produce typical fescue foot symptoms in cattle.
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