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A mycotoxin responsible for vomiting in swine has been isolated from
Fusarium-contaminated field corn. The compound was tentatively identified as a
trichothecene, 3,7, 15-trihydroxy- 12, 13-epoxy-trichothe-9-en-8-one, and has
been given the trivial name vomitoxin.

During 1972, because of unusually wet
weather, much corn produced in some parts of
the U.S. Corn Belt was infected in the field by
Fusarium graminearum Schw. (perfect stage,
Gibberella zeae), a species associated with vari-
ous mycotoxicoses (6). Reports soon followed
that swine were refusing to eat this contami-
nated grain or had vomited after eating small
quantities.

Incidences of vomiting by swine when fed
moldy corn infected with Fusarium species were
reported in 1928 (7) and in 1966 (2). Reports of
emesis resulting from consumption of other
moldy cereal grains both in animals and humans
have been recorded periodically since 1916 (3-5,
9, 12). Meager and often conflicting data are
available concerning the chemistry of the myco-
toxin involved. Prentice and Dickson (10) par-
tially purified a Fusarium-emetic principle
from liquid medium. Ueno et al. (13) isolated an
emetic trichothecene from F. nivale, fusare-
non-X, which caused cats and ducklings to
vomit. Our preliminary report covers the isola-
tion of the emetic factor from the 1972 crop corn
and its tentative structure assignment.
From a Northwest Ohio farm we obtained

samples of infected corn that had caused vomit-
ing in swine. The predominant fungus on this
corn was F. graminearum, but representatives
of F. moniliforme, F. nivale, Cephalosporium
sp., and various Penicillium sp. were also found
(R. J. Bothast, personal communication).
Each fraction during the isolation procedure

was assayed for emetic activity by intubation
into pigs of an amount equivalent to 500 g of
feed. Vomiting occurred within 25 min with
active fractions. Ground corn (4 kg) was blen-
dor-extracted twice with butanol (2 liters/kg)

'Department of Animal Science, University of Illinois,
Urbana, Ill. 61801.

for 5 min, and the corn residue was washed with
hexane, dried in a vented hood, and then
blendor-extracted twice with 40% aqueous
methanol (2 liters/kg) for 5 min. The aqueous
methanol extracts were combined and concen-
trated to a small volume (500 to 700 ml). Three
volumes of cold absolute ethanol were added to
this concentrate, and the mixture was refriger-
ated for 4 h. A tan precipitate was removed by
filtration. This solution was again concentrated
to a small volume (500 to 700 ml) and cen-
trifuged to remove a finely suspended material,
and the clear supernatant fluid was treated
batchwise first with a cationic exchange resin
(Bio-Rad 50 W-X8, 2H+ form) and then with an
anionic exchange resin (Amberlite IRA-400,
OH- form). The remaining neutral solution was
freeze-dried to a tan solid (43 to 48 g) which was
suspended in chloroform and applied to a Flori-
sil column (8 by 16 cm, 60 to 100 mesh) pre-
saturated with chloroform. The column was
washed with 2 liters of chloroform, and then the
crude emetic factor was eluted first with 3.6
liters of chloroform-methanol (50:50 vol/vol)
and then with 2.6 liters of chloroform-methanol
(25:75 vol/vol); methanol-chloroform extracts
were combined and evaporated to dryness. This
residue was dissolved in a small amount of
methanol, and the solution was added to ace-
tone to precipitate sugars. Upon flash evapora-
tion of the supernatant fluid, a yellow viscous
oil (fraction A) remained (1.98 to 2.5 g/4 kg of
corn). Preparative thin-layer chromatography
(TLC) of fraction A on precoated plates con-
taining a fluorescent indicator (silica gel F-254;
2-mm thick, Brinkmann Instruments Co.) in
solvent system I (chloroform-methanol-water,
80: 20: 0.1) revealed nine spots under shortwave
(250 nm) ultraviolet (UV) light.
Only material eluted from band 6 (counting
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from the origin) (fraction B) with methanol
caused emesis in swine. Band 6 turned to yel-
lowish brown upon being sprayed with anisal-
dehyde reagent (11) and heated at 110 C. TLC
analysis of band 6 did not give spots correspond-
ing to the known tricothecenes, T-2 and fusare-
non-X (emetic, R, 0.45; T-2, Rf 1.0; fusare-
non-X, R, 0.66).

Fraction B was purified further by prepara-
tive TLC to give 50 mg of solids (fraction C).
Fraction C was dissolved in methanol and
applied to a Sephadex LH-20 column (2.4 by
200 cm) presaturated with methanol. The col-
umn was eluted with methanol, and 2.2-ml
fractions were collected. Fractions containing
the band absorbing at 254 nm after develop-
ment on silica gel F-22 were pooled and evapo-
rated to dryness. A solid (fraction D) weighing
33 mg was recovered, which TLC analysis
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FIG. 1. Proposed structure for the emetic factor,
vomitoxin.

showed had one major spot and several minor
spots. Fraction D was extracted with chloroform
to give 12 mg of a compound (fraction E) which
gave only one spot on TLC analysis.
A tentative structure of 3,7, 15-trihy-

droxy-12, 13-epoxy-trichothe-9-en-8-one (Fig.
1) was established for the vomition factor based
on infrared (IR) and nuclear magnetic reso-
nance (NMR) spectra. We propose the trivial
name of vomitoxin for this substance. A sub-
stance possessing similar spectrophotometric
properties has been described by Morooka et al.
(8), but neither an empirical or structural for-
mula was presented.
A molecular weight of 296.157 and an empiri-

cal formula of C 5H2006 were determined by
high-resolution mass spectrometry (Fig. 2). The
IR showed a band at 1,680 cm-1, indicative of
an a, a-unsaturated ketone (NMR showed no
aldehyde proton), and also a hydroxyl band at
3,400 cm- . The UV spectrum showed weak
absorption at 287 nm, and the main absorption
at 217 nm also indicates an a, a-unsaturated
ketone. The mass spectrum fragmentation
patterns for the parent alcohols of tricothecenes
have been well established (1). In the spectrum
of vomitoxin, the parent ion (m/e 296) loses
methyl, water, hydroxymethyl, or formalde-
hyde to give rise to peaks at m/e 281, 278, 265,
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FIG. 2. Mass spectrum of the emetic factor. Nuclide 90 mass spectrometer.
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and 266, respectively, which correspond to
two less mass units than for the fragmentation
pattern observed for the alcohol, T-2-tetrol.
In addition, the major ion (m/e 248), which
would correspond to loss of both water and
formaldehyde, would favor a compound contain-
ing a ketone at C-8, an OH at C-7, and a hy-
droxymethyl at C-6.
The NMR spectrum of vomitoxin in CDCl3

(tetramethylsilane internal standard, Varian
100) gave signals quite characteristic for 12, 13-
epoxytrichothecenes: a signal at 6 1. 13s for a
tertiary methyl; 6 1.88d vinyl methyl with an ox-
ygenated substitutent, e.g.,

0 CH3
11

a 3.09q epoxide protons; a 6.58dd vinyl proton,
e.g.,

/0
-C C=CH-

a 3.60d methine. In addition to these moieties,
the presence of the following structural parts
was supported by results of spin-decoupling ex-
periments:

CH3C CH-CH; C(O)-CH2 ; CH-CH-(OH
-; CH2-CH-OH.
Work is in progress to substantiate the pro-

posed structure.
We thank R. J. Bothast for microbiological analyses, D.

Weisleder for the NMR spectrum, W. K. Rohwedder for the
mass spectrum, and Michael Grove for technical advice.

LITERATURE CITED

1. Bamburg, J. R., and F. M. Strong. 1971. 12,13-Epoxytri-
chothecenes. In S. Kadis, A. Ciegler, and S. J. Ajl (ed.),
Microbial toxins, vol. 7, Academic Press Inc., New
York.

2. Curtin, T. M., and J. Tuite. 1966. Emesis and refusal of
feed in swine associated with Gibberella zeae-infected
corn. Life Sci. 5:1937-1944.

3. Dickson, A. D., K. P. Link, B. H. Roche, and J. G.
Dickson. 1930. Report on the emetic substances in
Gibberella-infected barley. Phytopathology 20:132.

4. Dounin, M. 1930. The fusariosis of cereal crops in
European-Russia in 1923. Phytopathology 16:305-308.

5. Hoyman, W. G. 1941. Concentration and characterization
of the emetic principal present in barley infected with
Gibberella saubinetii. Phytopathology 31:871-885.

6. Kadis, S., A. Ciegler, and S. J. Ajl (ed.). 1971. Microbial
toxins, vol. 7, section B, p. 107-316. Academic Press
Inc., New York.

7. Mains, E. B., C. M. Vestal, and P. B. Curtis. 1930. Scab
of small grains and feeding trouble in Indiana in 1928.
Ind. Acad. Sci. Proc. 39:101-110.

8. Morooka, N., N. Uratsuji, T. Yoshizaiva, and H. Yama-
moto. 1972. Studies on the toxic substances in barley
infected with Fusarium spp. Jap. J. Food Hyg.
13:368-375.

9. Naumov, N. A. 1916. Intoxicating bread. Min. Zeml.
(Russia), Trudy Ruiri Miwel. i. Fitopatol. Uchen,
Kom. 216.

10. Prentice, N., and A. D. Dickson. 1968. Emetic material
associated with Fusarium species in cereal grains and
artificial media. Biotechnol. Bioeng. 10:413-427.

11. Scott, P. M., J. W. Lawrence, and W. VanWalbeek. 1970.
Detection of mycotoxins by thin-layer chromatogra-
phy: application to screening of fungal extracts. Appl.
Microbiol. 20:839-842.

12. Tsunoda, H., 0. Tsuruta, S. Matsunami, and S. Ishii.
1957. Researches on the microorganisms on the stored
cereals and grains. 14. Studies on rice parasitic moulds,
Gibberella and Fusarium. Proc. Food Res. Inst. (Ja-
pan) 12:27.

13. Ueno, Y., I. Ueno, Y. Iitoi, H. Tsunoda, M. Enomoto, and
K. Ohtsubo. 1971. Toxicological approaches to the
metabolites of Fusaria. III. Acute toxicity of fusare-
non-X. Jap. J. Exp. Med. 41:521-539.

1010 NOTES


