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Transformation of Deoxynivalenol (Vomitoxin) by Rumen Microorganisms

Russell R. King,* Ralph E. McQueen, Dominique Levesque, and Roy Greenhalgh

The mycotoxin deoxynivalenol (vomitoxin) was incubated in vitro with rumen fluid and sampled at regular
intervals. At feed contamination levels (up to 10 ppm) deoxynivalenol was virtually all transformed
within a 24-h period. The single transformation product was identified as 3«,7a,15-trihydroxy-
trichothec-9,12-dien-8-one by IR, UV, MS, and NMR. A similar treatment of 3-acetoxydeoxynivalenol

caused deacetylation prior to transformation.

Deoxynivalenol (3«,7«,15-trihydroxy-12,13-epoxy-
trichothec-9-en-8-one or vomitoxin) is a trichothecene toxin
produced by certain fusarium species (Morooka et al., 1972;
Yoshizawa and Morooka, 1973; Vesonder et al., 1973). It
is a causative agent of emesis, food refusal, and growth
depression in certain animals (Pathre and Mirocha, 1979).

Although the “no effect” level of deoxynivalenol in wheat
or corn varies widely among animal species, ruminants
appear to be relatively unaffected (Rohmer, 1983). Since
rumen fermentation can act as a first line of defence
against harmful or toxic substances in the diet (Church,
1980), we undertook to determine the effect on deoxy-
nivalenol when incubated in vitro with rumen fluid. Our
subsequent investigations revealed that at feed contami-
nation levels (up to 10 ppm) deoxynivalenol was readily
transformed by rumen microoganisms in vitro. This paper
describes the conditions associated with the transformation
and the structural determination of the end product.

EXPERIMENTAL SECTION

Chemicals. Deoxynivalenol (mp 151-153 °C) and 3-
acetoxynivalenol (mp 184-186 °C) were obtained from a
liquid culture of Fusarium graminearum (Miller and
Greenhalgh, 1983).

Equipment. Infrared (IR) spectra were determined by
using a Beckman IR-20A spectrophotometer. Nuclear
magnetic resonance (NMR) spectra were obtained in
CDC], solution with Me,Si as an internal standard on a
Bruker W.M. 250 NMR spectrophotometer at 250 MHz.
The mass spectra (MS) were determined with a Finnigan
4021 GC/MS coupled to an Incos data acquisition system.
Ultraviolet (UV) spectra were determined on a Perkin-
Elmer Model LC-75 spectrophotometric detector.

Gas-Liquid Chromatography. A Tracor 222 gas
chromatograph (GLC) equipped with a ¢Ni electron cap-
ture detector (with linearizer) and a 1.8 m X 4 mm i.d. glass
column packed with 2% OV-275 on 80~100-mesh H.P.
Chromosorb W was used. Operating parameters were
injection port 215 °C, column 190 °C, detector 300 °C, and
helium carrier gas flow rate 60 mL/min. Table I shows
retention times and characteristic mass ions for the tri-
fluoroacetylated deoxynivalenols analyzed under the above
conditions. The lower limit of detection was 0.05 ppm.

High-Performance Liquid Chromatography. A
Perkin-Elmer series 4 liquid chromatograph (HPLC)
system (equipped with a Perkin-Elmer RP-18 octadecyl,
10-um particle size, 4.6 mm X 25 cm column) in conjunc-
tion with a model LC-75 spectrophotometric detector (8-uL
flow cell) at 220 nm and a Sigma 15 data station was used.
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Table I. GC and MS Data of Trifluoroacetylated
Deoxynivalenols

parent retention characteristic
compd time, min ions, m/e
I 4.02 374, 488
II 2.79 358, 472
III 7.13 343, 374

Table II. Composition of Rumen in Vitro Solutions

solution A
NHHCO,, g/L 40
Na HCO,, g/L 35.0
solution B
Nay,HPO,, g/L 5.7
KH,PO,, g/L 6.2
MgSO,7H,0, g/L 0.6
solution C
CaC12'2H20, g/L 13.2
MnClL-4H,0, g/L 10.0
CoCly6H,0, g/L 1.0
FeClg:6H,0, g/L 8.0
solution D¢
cysteine hydrochloride-H,0, g/100 mL 0.625
1 N NaOH, mL/100 g 4.0
Nags-QHZO, g/100 mL 0.625

%Prepared immediately before use by dissolving the cysteine
hydrochloride in 95 mL of water and 4 mL of 1 N NaOH, then
adding the Na,S-9H,0, and dissolving it to give 100 mL.

The mobile phase (10% acetonitrile, 10% methanol in
water) had a flow rate of 2 mL/min. Under these con-
ditions deoxynivalenol (I) had a retention time of 3.26 min,
3-acetoxydeoxynivalenol (IV) 4.50 min, and the diene (II)
4.94 min at 40 °C. Mixtures of deoxynivalenol and the
diene (II) were separated and purified accordingly.

Thin-Layer Chromatography. Mizxtures of deoxy-
nivalenol and the diene (II) were separated from other in
vitro fermentation extracted material on preparative
thin-layer plates (coated with silica gel GF) by develop-
ment in ethyl acetate. The compounds were detected by
UV and eluted from the silica gel with acetone.

In Vitro Rumen Fermentation Procedure. Rumen
contents were collected from a rumen-fistulated cow that
was maintained on timothy hay. The sample of rumen
contents was taken before the morning feeding and was
put into a prewarmed thermos bottle. The bottle was
completely filled to eliminate any air space. The inoculum
was prepared by blending rumen contents in a Waring
blender for 2 min under carbon dioxide, by squeezing them
through four layers of cheesecloth, and then filtering them
through a 5-cm pad of glass wool (also under carbon di-
oxide) to remove feed particles.

To 250-mL Erlenmeyer flasks containing ground climax
timothy hay (0.5 g) was added 39 mL of media [1 g of
trypticase, 200 mL of water, 100 mL of solution A (see
Table II), 100 mL of solution B, 1.0 mL of solution C, and
2 mL of solution D]. Except for controls 1 mL of the
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Table III. Rate of Transformation of Deoxynivalenol (I)
and 3-Acetoxydeoxynivalenol (IV) by Rumen

Microorganisms
incuba- trichothecenes
amount, tion time, recovered, %
trichothecene ppm h I I v
I 5 6 64.9 26.1
12 79.4
24 81.4
48 87.1
I 10 6 65.2 23.7
12 4.0 81.2
24 84.0
48 89.4
I 50 6 73.0 18.1
12 63.6 32,7
24 52.4 39.7
48 46.2 48.8
I 100 6 79.9 13.1
12 72.5 18.9
24 68.7 20.1
48 57.4 37.8
v 100 6 19.8 5.2 68.9
12 22.3 13.5 43.1
24 38.0 29.8 16.4
48 58.5 33.6

appropriate aqueous solution of deoxynivalenol was added
(i.e., amounts equivalent to 5, 10, 50, and 100 ppm in the
feed). The flasks and contents were then saturated with
and kept under carbon dioxide to a pressure of 10-20 cm
of water. Saturation was judged complete when a control
flask containing media and 0.05 mL of a resazurin solution
(1 g of resazurin/L) remained pink. Two milliliters of
solution D was added to lower the redox potential as in-
dicated by the media containing resazurin turning color-
less.

After 30 min, 10 mL of freshly prepared rumen fluid
inoculum was added to each flask, and the samples were
incubated at 40 °C under a positive pressure of 10 cm of
water (provided by carbon dioxide). This procedure is
similar to that described by Goering and Van Soest (1970).
Incubations covered periods of 6, 12, 24, and 48 h, re-
spectively, for each different concentration of deoxy-
nivalenol. Flasks containing (1) no rumen fluid inoculum
and (2) rumen fluid inoculum to which 0.1 mL of toluene
had been added acted as fermentation controls.

Sample Analysis. At the end of each incubation pe-
riod, ethyl acetate (150 mL) was added to the Erlenmayer
flask and the solution was mechanically shaken for 15 min.
Next, a 60-mL portion of ethyl acetate layer was taken
from the flask and the solvent removed on a rotary evap-
orator (water bath at 35 °C). The residue was dissolved
in appropriate amounts of methanol prior to quantitation
of the trichothecenes present by HPLC. For confirmatory
purposes, samples containing low levels (i.e., 5 and 10 ppm)
of trichothecenes were purified by HPLC and treated with
trifluoroacetic anhydride (TFAA) (100 L) in benzene (2
mL) for 10 min at room temperature. The benzene and
excess trifluoroacetic anhydride were removed on a rotary
evaporator (water bath at 35 °C), and the derivatized
material was dissolved in benzene (1 mL) prior to GLC
analysis.

In order to obtain sufficient quantities of the deoxy-
nivalenol transformation product for physical character-
ization, amounts of deoxynivalenol equivalent to 1000 ppm
in the feed were incubated with rumen microoganisms for
7 days. After extraction with and removal of ethyl acetate,
the residue was submitted to a preliminary cleanup by
preparative thin-layer chromatography. Preparative
HPLC was then utilized to separate unreacted deoxy-
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Table IV. Proton NMR Spectra of Compounds I and II
(Chemical Shifts, 5)

hydrogen
no. I II
2 362(d,1H,J =45 425 (d, 1 H, J = 2.5 Hz)
Hz)
3 4.53 (m, 1 H) 4.30 (m, 1 H)
4 2.14 (ABX, 2 H) 2.18 (ABX, 2 H)
7 483(d,1H,J =16 473 (d,1 H, J = 1.5 Hz)
Hz)
10 6.61 (dd,1 H,J = 5.9 6.63 (dd, 1 H, J = 6.0 Hz)
Hz)
11 480(d,1H,J =59 475(d, 1 H, J = 6.0 Hz)
Hz)

13 3.10 (AB, 2 H) 5.11 (s, 1 H), 5.24 (s, 1 H)

14 1.13 (3, 3 H) 1.46 (s, 3 H)

15 380 (AB,2H,J =117 385(AB,2H,J =118 Hz)
Hz)

16 1.86 (s, 3 H) 1.88 (s, 3 H)

nivalenol from the transformed product.

RESULTS AND DISCUSSION

Analysis by HPLC and GLC of ethyl acetate extracts
taken from the in vitro rumen samples (incubated over four
different time periods) revealed a steady decrease in the
quantity of deoxynivalenol present (Table III). The
corresponding appearance of equivalent amounts of a less
polar compound was confirmed by comparison with control
samples. As shown in Table III, transformation of deox-
ynivalenol was essentially complete within 24 h at levels
up to 10 ppm (in the feed). The total recovered tricho-
thecenes for all samples averaged approximately 89% (of
the trichothecenes added) after 48 h. As expected (Kallela
and Vasenius, 1982), the quantity of toxin added was im-
portant. For samples in which deoxynivalenol was added
in high doses (>10 ppm), the percentage loss of toxin
eventually became less than in samples where the amount
of toxin added was relatively small (<10 ppm).

In order to obtain sufficient quantities of the transfor-
mation product for physical characterization, several
large-scale incubations with rumen fluid were carried out.
These incubations (7-days duration and activity had
abated) averaged approximately 50% conversion of de-
oxynivalenol at concentrations equivalent to 1000 ppm in
the feed.

The UV and IR spectra of the new compound were
virtually identical with those of deoxynivalenol. Its mass
spectra, however, indicated a parent ion of m/e 280, which
is m/e 16 less than that observed for deoxynivalenol.
Moreover, a key feature of its 'H NMR spectra (Table IV)
was the absence of absorptions ascribable to a 12,13-ep-
oxide group and the appearance of two distinct proton
singlets at 4 5.11 and 5.24. These new absorptions are
compatible with the presence of vinylic protons and are
comparable to the values obtained (i.e., 6 4.81 and 5.24)
for a verrucarol analogue (i.e., 48,15-diacetoxytrichothec-
9,12-diene) prepared by LiAlH, reduction of verrucarol’s
12,13-epoxide function and then dehydration of the re-
sultant 12-hydroxy group (Gutzwiller et al., 1964). Pre-
dictably, the !H NMR spectra also indicated that the C-2
proton had shifted downfield from § 3.62 to 4.25. This can
be explained by its proximity to the 12,13 double bond.
On the basis of its aforementioned spectral characteristics,
the new compound was tentatively assigned the structure
3a,7a,15-trihydroxytrichothec-9,12-dien-8-one (II) (see
Figure 1).

Further evidence for the structural assignment was es-
tablished by chemical means. For example, reaction of I1
with TFAA yielded a ditrifluoroacetate derivative (as did
deoxynivalenol under similar conditions) and treatment
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Figure 1. Reaction scheme for the transformation of deoxy-
nivalenol (I) and 3-acetoxydeoxynivalenol (IV) by rumen mi-
crooganisms.

with periodate produced a compound having spectral
properties consistent with those of the 3-hydroxy 8-lactone
compound III (see Table I). The latter reaction was re-
cently reported for deoxynivalenol (I) and 3-acetoxy-
deoxynivalenol (IV) (King et al., 1984) and is a unique
means of identifying trichothecenes with A-ring func-
tionalities similar to that of deoxynivalenol (I).

The biochemical details of the pathway leading from
deoxynivalenol (I) to the diene (II) are uncertain. Previous
studies (Ueno et al., 1971, 1976) have demonstrated that
fusarenon-X (4B-acetoxy-3a,7a,15-trihydroxy-12,13-ep-
oxytrichothec-9-en-8-one), when administred to mice and
rats, underwent deacetylation only. Similarly, Kiessling
et al. (1982) incubated diacetoxyscirpenol (43,15-diacet-
oxy-3a,7a-dihydroxy-12,13-epoxytrichothec-9-ene) with
rumen fluid and noted only removal of the C-4 acetate
group. Our investigations involving 3-acetoxydeoxy-
nivalenol (IV) incubated with rumen fluid also yielded a
deacetylated product, namely, deoxynivalenol (I). Al-
though substantial amounts of the deoxynivalenol were
subsequently modified (Table III), no evidence for the
presence of an analogous 3-acetoxydiene was detected.

Generally, epoxides are reactive toward SH groups, and
Ueno and Matsumoto (1975) have demonstrated the re-
activity of the epoxide group in trichothecenes toward
some thiol enzymes. It is therefore likely that a specific
epoxide reductase may be involved in the transformation
of deoxynivalenol by rumen microorganisms. Although a
hydroxy vitamin K byproduct in the enzymatic reduction
of vitamin K epoxide to vitamin K quinone has been iso-
lated (Fasco et al., 1983), our results with deoxynivalenol
are akin to the benzopyrene epoxide reductase examples
where neither hydroxy byproduct nor intermediates have
been detected (Booth et al., 1975).

The functional significance of the epoxide reduction in
deoxynivalenol by rumen microoganisms in vitro is unclear,
but evidence has been presented (Sato and Ueno, 1977)
that the epoxide group on the trichothecene nucleus is
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important not only for cytotoxicity but also for the in-
duction of vomiting. Thus, pending the outcome of further
research, one might speculate that the transformation
described acts as a means of detoxification. If so, it may
be a significant contributing factor to the relatively high
“no effect” levels observed on feeding ruminants deoxy-
nivalenol contaminated feed.

Since submission of this paper, Yoshizawa et al. (1983)
have reported the isolation of a similar deoxynivalenol
transformation product from in vivo experiments with rats.
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