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the decon tamina t ion  process by several orders of  magni- 
tude. Al though some decon tamina t ion  by-products  may 
exhibi t  elevated responses to specific toxic i ty  tests, the 
process significantly reduces the risk associated with the 
original contamina t ion .  
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ABSTRACT 

Deoxynivalenol (3,7,15-trihydroxy- 12,13-epoxytrichothec-9-ene-8- 
one) was extracted from corn with methanol/water (80:20, v/v) and 
purified by liquid:liquid partitioning and by preparative high pres- 
sure liquid chromatography (HPLC). This procedure was used to 
prepare mg quantities of toxin from field-inoculated corn for refer- 
ence standards. Analysis of the isolated deoxynivalenol by analytical 
HPLC, gas liquid chromatography (GLC) and gas liquid chromatog- 
raphy/mass spectroscopy (GLC/MS)indicated the presence of a 
second compound similar to deoxynivalenol. This compound co- 
migrates with deoxynivalenol on thin layer chromatography plates 
in chloroform/methanol (90:10, v/v), but can be separated by HPLC 
on a reverse-phase Cs column with methanol/water (10:90, v/v). 
GC/MS of the compound and the trimethylsilyl ether derivative gave 
parent ions of m/e 280 and 424, respectively. These data and NMR 
data indicate that the compound is 3,15-dihydroxy-12,13-epoxytri- 
chothec-9-ene-8-one, a previously unreported trichothecene. 

INTRODUCTION 

Deoxynivalenol  (3 ,7 ,15- t r ihydroxy-  12 ,13-epoxytr ichothec-  
9-ene-8-one), also known as vomi tox in  (1), is an impor tan t  
m y c o t o x i n  produced  by certain species of  Fusaria that  
invade grains in the field and in storage. This toxin is one 
of  4 known natural ly occurr ing t r ichothecenes  (the others  
a re  T-2, d iace toxysc i rpenol  and nivalenol) which singly or  
in combina t ion  are implicated as being responsible for 
animal disorders known as fusar iotoxicoses  (2-4). Recen t  
documen ta t ion  on the f requency  of  occurrence of  deoxy-  
nivalenol (5,6) suggests that  this toxin  and other  t r ichothe-  
cenes may  cause greater  health problems than af latoxin in 
animals, especially in the midwes t  Corn Belt. Analyt ical  
me thodo logy  for t r ichothecenes  is diff icult  due to the 
physicochemical  proper t ies  of  these toxins.  Extensive clean- 
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up procedures are required for gas liquid chromatography 
(GLC) or thin layer chromatography (TLC) of deoxynival- 
enol, and no rapid, sensitive method is available for analysis 
of grains or feeds (7). Recent developments in HPLC make 
this nondestructive method of analysis an attractive adjunct 
to classical methods for isolating naturally occurring com- 
pounds. Normal and reverse-phase HPLC can be used in 
sequence to isolate natural products from interfering com- 
pounds of similar polarity. Development of methodology 
depends on the availability of an authentic reference stan- 
dard, and this report outlines procedures to isolate and 
purify deoxynivalenol from contaminated corn by HPLC. 
During the course of these investigations, a new compound 
similar to deoxynivalenol was isolated and characterized. 

M A T E R I A L S  A N D  M E T H O D S  

C o n t a m i n a t e d  Corn 

Corn inoculated in the field was harvested and stored un- 
protected for one winter. The corn ears had been injected 
through the husks with Fusaria cultures (NRRL 6206 and 
NRRL 6207) known to produce zearalenone (8). In early 
spring, the highly damaged corn was dried to < 15% mois- 
ture, shelled and stored at 0 C until processed. Analyses for 
zearalenone (9) and dcoxynivalenol (5) showed the corn 
to be contaminated with 30 ppm and ca. 20 ppm of these 
toxins, respectively. 

E x t r a c t i o n  

A modified procedure of Pathre and Mirocha (10) was used 
to extract deoxynivalenol from 1-4 kg samples of ground 
corn. The corn was mixed with methanol/water (80:20) (2 
L/kg of corn) for 1 hr with an air-driven impeller. The 
supernatant was filtered with vacuum through Whatman 
No. 1 filter paper and Celite (Hyflo Supercel). A second 
extraction was done for 30 min; the extracts were com- 
bined and methanol was removed on a steam bath. The 
aqueous solution of deoxynivalenol was partitioned with 
500 mL ethyl acetate/L solution (3X). The ethyl acetate 
was removed on a rotary evaporator, and the oily residue 
was taken up in acetonitrile (200 mL) and defatted with an 
equal volume of petroleum ether. Acetonitrile was re- 
moved, and the residue was saved for HPLC analysis. 

H P L C  and T L C  Procedures  

The residue was dissolved in 200 mE methylene chloride/ 
methanol (98:2) for preparative HPLC on a Prep LC/ 
System 500 (Waters Associates, Milford, MA). A Prep Pak 
500 TM silica column was eluted with methylene chloride/ 
methanol (98: 2) at 250 mL/min,  and the eluent was moni- 
tored with a refractive index detector at a sensitivity of 20. 
All mobile phases were sparged with helium to inhibit 
bubble formation. Sample extracts from less than 1 kg corn 
were chromatographed on a 3/8 in. x 4 ft column packed 
with Porasil A (Waters Associates) with the same eluting 
solvent at 8 mL/min. The eluant was monitored with a vari- 
able wavelength UV detector at 250 nm (Spectromonitor 
I11, Laboratory Data Control). All fractions were evapo- 
rated to ca. 5 mL and assayed by TLC. Plates (Silica Gel 
60-Fzs4, Merck) were de~eloped in chloroform/methanol 
(90:10) and then sprayed with anisaldehyde reagent (11) 
to detect deoxynivalenol. Deoxynivalenol from normal- 
phase ItPLC was purified further by reverse-phase HPLC on 
a 3/8 in. x 4 ft column (Bondapak Cls, Waters Associates) 
and a mobile phase of water/methanol (90:10) at 8 mL/ 
rain. The toxin was detected with a variable wavelength UV 
detector at 224 nm. Fractions (10-mL) were collected in a 
manner to eliminate contaminating peaks and solvent was 
removed on a rotary evaporator at 50 C. Dcoxynivalenol 

from multiple runs was collected, solvent was removed and 
residue weight was determined. 

A N A L Y T I C A L  P R O C E D U R E S  

UV spectrum of purified deoxynivalenol was determined in 
methanol (25/ag/mL) on a Beckman Model DB-G spectrom- 
eter. Analytical HPLC was done on a 4.6 mm x 25 cm 
reverse-phase, 6-/a particle size Cs column (Zorbax Cs, 
Dupont,  Wilmington, DE) operated at 30 C. A variable 
wavelength detector at 224 nm was used to measure deoxy- 
nivalenol. The mobile phase was water/methanol (90: 10) 
(degassed and sparged with helium) at 1.5 mL/min.  Deoxy- 
nivalenol and unknown peaks were collected and identities 
were determined by GLC, MS, GLC-MS and nuclear mag- 
netic resonance (NMR). Deoxynivalenol and an unknown 
compound separated on the reverse-phase Cs column were 
analyzed by GLC as the trimethylsilyl derivatives (TMS) 
(TRISIL-TBT, Pierce Chemical Co.) on a gas chromato- 
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FIG. 1. HPLC of  deoxynivalenol (DON) on Prep 500/LC system. 
silica column (Prep Pak 500) eluted with methylene chloride/meth- 
anol (98:2) at 250 mL/min. Detector, RI at 20. Chart speed, 2 min/ 
r  
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FIG. 2. HPLC of deoxynivalenol from preparative run. Column, 
3/8 in. X 4 ft reverse phase C18. Solvenu water/methanol (90:10) 
at 8 mL/min.  Detector, UV at 224 rim; 0.5 AUFS.  Sample size, 
2 mL. 
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graph (Bendix Model 2600) equipped with a 4 ft • 2 mm 
glass column packed with 3% OV-1 on Gas Chrom Q 
100/120 mesh and flame ionization detector. Column tem- 
perature was programmed for 150-250 C at 5 C/min. Other 
parameters were: injection port, 210 C; detector, 250 C; 
carrier gas, N 2 at 30 mL/min. Retention times and relative 

peak areas were measured with an electronic integrator 
(Hewlett/Packard Model 3370B). Mass spectra were ob- 
tained on a Kratos MS-30 at 70 eV. Spectra of deoxynival- 
enol and unknown compound were obtained by probe 
analysis, and spectra of TMS-derivatives were obtained by 
GC-MS. NMR spectra were obtained on a Briicker WH-90 
instrument. 
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FIG. 3. GLC of purified deoxynivalenol (10.3 min) as TMS-deriva- 
tive showing u n k n o w n  c o m p o u n d  at 9.3 min. 0.56 ~g TMS-deoxy- 
nivalenol gives 80% full-scale def lect ion at at tenuat ion o f  5 • 10 -1~ 
AFS.  
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FIG. 4. Chromatogram of deoxynivalenol from C~s column on 
Zorbax C s column (4.6 mm • 25 cm). Solvent,  w a t e r / m e t h a n o l  
(90,10) at 1.5 mL/min. Detector, UV at 224 nm; 0.2 AUFS.  

R E S U L T S  A N D  D I S C U S S I O N  

Preparative HPLC has limited efficiency and resolution; 
however, large sample capacity and mobile phase velocity 
make this a useful tool for initial purification of crude 
extracts. The chromatogram shown in Figure 1 was ob- 
tained by chromatographing partially purified deoxynival- 
enol from 2 kg corn in 200 mL solvent. Fractions (500-mL) 
from the preparative runs were reduced to ca. 5 mL, and 
each fraction was spotted (10/aL) on TLC plates to deter- 
mine the location of the toxin. 

Fractions 9-14 contain deoxynivalenol, but also contain 
some interfering material of higher Rf value. The reference 
standard of 2/Jg of pure deoxynivalenol is easily detected 
with the anisaldehyde reagent. Depending on concentra- 
tion, deoxynivalenol turns yellow to yellow-brown after 
the plate is sprayed with anisaldehyde reagent and then 
heated at 105 C for 3-4 rain. Chromatographing extracts 
from 0.5 kg corn on a semipreparative 3/8 in. x 4 ft Porasil 
A column uses much less solvent but requires more time 
and multiple runs to process quantities of crude extracts. 

Reverse-phase chromatography of partially purified 
toxin is shown in Figure 2. Deoxynivalenol is separated 
from other compounds and is easily detected at its UV 
maximum of 224 nm. Peak 5 shows a single spot on TLC 
in chloroform/methanol (90:10) when examined under 
short-wave UV (254 nm) or sprayed with anisaldehyde 
reagent. However, GLC of the TMS-derivative shows a 
minor compound that appears consistently just ahead of 
deoxynivalenol (Fig. 3). Examination of the deoxynivalenol 
on an analytical reverse-phase column (Zorbax Cs) indi- 
cated that this compound could be separated from deoxy- 
nivalenol. A typical chromatogram is shown in Figure 4. 
Repeated runs were made to obtain sufficient quantities 
of this new compottnd for MS and NMR analysis. A com- 
parison of mass spectra of the underivatized and TMS- 
derivatives of deoxynivalenol and the unknown are shown 
in Figures 5 and 6, respectively. The underivatized deoxy- 
nivalenol shows a parent ion at 296 m/e, which is relatively 
intense when compared to spectra of other trichothecenes 
(7,11). The unknown compound isolated by reverse-phase 
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FIG. 5. MS (probe) of purified deoxynivalenol (upper) and new tri- 
chothecene (lower). Mass difference of 16 indicates 1 less hydroxy 
group for new trichothecene. 
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FIG. 6. GC-MS of TMS-derivatlves of deoxynivalenol (upper) and n e w  tr i chothecene  (lower). Parent ions of 
TMS-deoxynivalenol (512) and TMS-unknown (424) indicate difference of 1 hydroxy group. 
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FIG. 7. Structure o f  d e o x y n i v a l e n o l  (R 1 and R 2 = OH) and n e w  
tr ichothecene  (R I - OH, R 2 * H). 

Cs chromatography shows a parent ion at 280 m/e, suggest- 
ing that the compound has one hydroxyl group less than 
deoxynivalenol. This conclusion is supported by the spectra 
obtained from TMS-derivatives of both compounds. TMS- 
deoxynivalenol shows a parent ion at 512 m/e and the 
unknown shows a parent ion at 424 m/e, one silylated hy- 
droxyl less. NMR data are consistent with 3,15-dihydroxy- 
12,13-epoxytricothec-9-ene-8-one (Fig. 7). The spectrum 
is similar to deoxynivalenol with major exception of the 
resonance for H-7. A doublet at 6 2.87 (J=15.6 Hz) is 
observed in this study. The shift and coupling are similar 
to that found for H-73 in tricothecolone (12). 

Recoveries of pure deoxynivalenol from field-inoculated 
corn were extremely low (ca. 20%) even for large-scale 
extractions. This estimated value is based on GLC assays 
of extracts (from 50-g samples of corn) which were cleaned 
up by silica gel column chromatography (5). However, 
sufficient quantities can be prepared to provide analytically 
pure reference standard of this scarce mycotoxin. Quanti- 
ties of contaminated corn or wheat (13,14) could be pro- 
cessed with either preparative or semipreparative HPLC to 
provide scientists with pure deoxynivalenol to test analyt- 
ical methods for sensitivity and percentage recoveries. Pure 
toxin is also needed to test possible synergistic effects that 
may occur with other trichothecenes. A new trichothecene 
has been isolated from field inoculated corn and character- 

ized by MS and NMR. This compound was also detected 
in a standard previously thought to be pure deoxynivalenol. 
No toxicity studies have been done with the new com- 
pound, and the occurrence in substrates, other than field- 
inoculated corn, is unknown.  
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