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SUMMARY

[

A simple method for the detection and spectrodensitometric determination of
a number of trichothecene mycotoxins on silica gel layers based on a colour reaction
between 4-(p-nitrobenzyl)pyridine and the 12,13-epoxy group in the trichothecene
nucleus is described. The detection limits for the twelve trichothecenes examined were
0.025-0.2 ug per spot. Further, six of the twelve trichothecenes could be determined
spectrodensitometrically in the range from ca. 0.05-0.2 to 10 ug per spot with a
coefficient of variation of ca. 5%;.

INTRODUCTION

Trichothecene mycotoxins with a 12,13-epoxytrichothec-9-ene nucleus are
fungal metabolites produced by various species of Fusarium, Myrothecitmm, Tricho-
derma and Cepharosporium, and about 40 homologues of the toxin have so far been
reported. There have been many reports that these toxins cause a number of illnesses
in man and animals, including Akakabi diseases of wheat in Japan and alimentary
toxic aleukia in the U.S.S.R. Gas chromatography!— and thin-layer chromatography
(TLC)*-7 have been widely employed for the analysis of trichothecene mycotoxins,
and sulphuric acid, p-anisaldehyde and aluminium chloride have been used in the
latter method as detection reagents. These reagents, however, have a poor structural
sclectivity for the trichothecene nucleus.

We have previously investigated the analysis of trichothecenes®®, and the
nresent work was aimed at establishing a spectrodensitomeiric method for deter-
mining these mycotoxins on TLC plates by making use of the colour reaction of the
2. 13epoxy group in the trichothecene nucleus with 4-{p-nitrobenzyl)pyridine
-NBP), which has been used as a chromogenic reagent for epoxides'®", alkylating
wgents'*'*, ethylencimines'® and organophosphates'®.
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EXPERIMENTAL

Chemicals .
The trichothecene mycotoxins used are listed in Table I. Stock standard

solutions of the toxins were prepared at a concentration of 100 ug/el in chloroform,
except for nivalenol, which was dissclved in water.

NBP (Tokyo Kasei Co., Japan; recrystallized from n-hexane) was used as a
1% (for detection} or a 3% (for quantitative determination) solution in chloroform—
carbon tetrachloride {2:3) and tetraethylenepentamine (TEPA ; Tokyo Kasei Co.) as
a 10% solution in the same solvent mixture.

Pre-coated silica gel 60 TLC plates (layer thickness 0.25 mm) were purchased
from E. Merck (Darmstadt, G.F.R.). All other chemicals were of analytical-reagent
grade.

Apparatus

An Ozumor 82 densitometer (Asuka Kogyo, Tokyo, Japan) equipped with an
integrator was used for determining the conditions of the colour reaction, and a
Shimadzu CS-910 dusal-wavelength chromatoscanner (Shimadzu, Kyoto, Japan)
equipped with an integrator was employed in the reflectance and zig-zag scanning
modes for quantitative determinations. Reflectance spectra of the chromatographic
spots were measursd with a Shimadzu UV-210A double-beam specirophotometer
equipped with a reflectance accessary. A 2-ul volumetiric micropipette (Microcaps;
Drummon, Broomall, Pa., U.S.A.), was used for application of the sample on the
TLC plates.

Thin-layer chromatography

A 2-pl volume of the standard solution was spotted 2 cm from the lower edge
of the plate and developed by the ascending technique until the front reached a height
of 10 cm using an appropriate solvent sysiem. The solvent systems examined were
chloroform—methanol (9:1), benzene—acetone (i:1), ethyl acetate—n-hexane (5:1) and
chloroform-acetone (3:2). The developed TLC plate was dried in an air stream and -
sprayed with 19, NBP solution for detection and dipped in 3%, NBP solution for
determination. After evaporation of the solvent, the plate was heated in an oven for
30 min at 150° and then cooled to room temperature. The cooled plate was sprayed
with 109 TEPA solution for detection and dipped in the same solution for deter-
mination. The trichothecene mycotoxins could be observed as blue spots on a white

background.

Densitometry . ,

The Ozumor 82 was used under the following conditions: scanning speed,
20 mm/min; chait speed, 40 mm/min; and wavelength, 610 am (filter). Scanning was
carried out in the direction of the development. The C5-910 chromatoscanner was
used under the following conditions: scanning speed, 20 mm/min; chart speed,
20 mm/min; wavelength, 4, (sample) = 610 nm, 4, (reference) = 710 nm; and beam
2§t 1.25 x 1.25 mm. Scanning was also carried out in the direction of the development
ind the linearizer was operated on channel 2.
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RESULTS AND DISCUSSION

Colour reaction of trichothecenes with NBP

Although several 4-substituted pyridines were found to give coloured products
by the reaction with trichothecenes on a silica gel layer, other reagents for detection
of common epoxides, such as Na.85,0;, MgCl,, HC! and picric acid, gave negative
resuits. NBP was the best among the 4-substituted pyridines (see Table II). TEPA was
chosen as the base in our method because it was superior, in the stability 2nd intensity
of the colour produced, to the other amines and alkalis, such as aliphatic amines,
aromatic amines, KOH and Na,CQ;. After examining various reaction conditions
using T-2 toxin, the reagent concentrations were chosen to be 19, NBP and 109
TEPA for detection, and 39, NBP and 109% TEPA for guantitative determination.

TABLE 11
REACTION OF T-2 TOXIN WITH 4-SUBSTITUTED PYRIDINES ON SILICA GEL I AYER
T-2 toxin: 100 g per spot.

Reagent® Colour

Spor Background

Qi @' €Hz @N , Biue Colourless
Mok @‘C%‘QN Colourless Colourless
@‘CH{@N Colourless Colourless
2] H
1 I
OO -
HO O
N @ﬁq—mi?@ni Green Yellow
H 34
@-l}l—m:C@N Reddish brown Yellow
H
CH2©N Colourless Colourless

N }
> “I‘_N=? O N Reddish brown Yellow
H R

* Reagent concentration: 134 in chloroform—carbon tetrachlonde (2:3). B = H, CH..
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Fig. 1. Efzct of reaction temperature and time. T-2 toxin: 16 e per spot. )

A higher reaction temperatu:e was necessary for the reaction of NBP thh thc'
trichothecenes on the silica gel layer than that of the substituted pynéme with'common
epoxides in order to obtain satisfactory results. As is shown in Fig. I, a constant 7
integrated value was obtained on heating at 150° for cc. 30 min, whereas heatmg at
temperatures higher than 170° resuited in a pale blue background.

As trichothecene-like compounds lacking the 12,13-¢poxy group did not gwe
a colour reaction with NBP, it was concluded that this reaction was specific to the
12,13-epoxy group in the trichothecene nucleus. '

In the quantitative mezsurement of each spot, chppmg of ‘the p[a.te mta tIIe
reagent solution gave a better result than spraying of the reagent so!utxonwrth regard
to the stabitity of the colour and repreducibility of the results. Chloroform—carbon.
tetrachloride (2:3) was chosen as the solvent for NBP because it dxd HOTCAUSS. dx&‘usmn

Fig. 2. Thin-layer chromatograms of trichothecene mycotoxins. Abbreviations as in Table L.
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TABLE Ii}
CHROMATOGRAPHIC DATA FOR TRICHOTHECENE MYCOTOXINS
Mycotoxin Ry valus® Detection Determination Colour
—_— HLmi™" range™* stability***
4 B C D (pgperspor} (pgperspot) (h)
Tetraacetylnivalenol Q.72 0.62 0.53 0.63 0.1 — 3
Crotocin 0.72 0.59 043 0.65 0405 — 1
T-2 toxin 0.64 055 038 052 0.1 0.1 —-10 3
Dizcetoxyscirpenol 0.60 0.52 0.34 0.50 0.2 0.5 -10 3
Diacetyinivalenol 0.57 051 034 044 0405 — 3
Fusarenon-X 0.36 041 024 029 005 o1 i) 2
Neosolaniol 039 .38 0.14 029 0.1 4.2 ~-10 1.5
HT-2 toxin 0.31 030 0.13 0.21 0O2 0.05-10Q 3
7.8-Dihydroxydiacctoxyscirpencl 0.32 0.35 0.14 024 0.2 — 1.5
Deoxynivalenot 0.23 0.31 0.16 0.20 0.1 — 1.5
Dihydronivalenol 007 013 005 005 0.1 = 1.5
Nivalenol 0.07 0.09 003 0.03 005 02 -10 3

* A, CHCI,CH,0H (9:1); B, C,H~{CH,11LCO (1:1); C, CHyCOQOC:Hs—n-CsH, (3:1); D
CHCI:~(CH,).CO {3:2).
** Solvent systemm A was used, and a dash indicates that the sample was not tested.
*** By the dipping method.

of the spots. Scanning was carried out at 610 nm because the absorption maxima in
the reflectance specira of the spots obtained with all trichothecenes, except for crotocin
{580 nm), are in the range 600-620 nm.

Satisfactory results were obtained in the TLC of twelve trichothecenes as is
shown in Fig. 2. Their Ry values in several solveni systems and detection limits
together with the stabilities of the colours are given in Tabie III.

100

50

Integrated volue

ol . . . . i . . - . i
0 5 0

Caoncentration, ug per spot

Fiz. 3. Calibration graphs for trichothecene mycotoxins. &, HT-2 toxin; &, fusarenon-X; 4, diace-
toexyscirpenol; 03, nivalenol; O, T-2 toxin; A\, ncosolaniol.
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Calibratior graphs : :
Calibration graphs were constructed for T-2 toxin, HY-2 toxim, d:acetoxysc:r- )
penol, fusarenon-X, nivalenol and neosolaniol. As is shown in Fig. 3, the integrated
values of the reflectance were proportionat to the trichothecene concentration for all
spots. Therefore, these six trichothecenes could be determined by this method in the
range from ca. 0.05-0.2 to 10 g per spot with a coefficient of variation of ca. 5%.

Detection of fusarenon-X or T-2 toxin added to a polished rice

The direct application of our method to trichothecenes in agricuitural sa.mples
was unsuccessful because of several interfering substances which prevented the spots
of trichothecenes from being correctly measured. Therefore, the clean-up method of
Naoi ef cl.3 was tested, using a sample of pelished rice to which fusarenon-X or T-2
toxin had been added. It was found that this method is probably effective for fusare-
non-X, as is shown in Fig. 4 {ea. 56689, recoveries were obtained when 1-2.5 ppm
of fusarenon-X was added), but not for T-2 toxin. Other clean-up methods should be
applied to trichoihecenes whose RI.- values are higher than that of fusarenoa—X (sec

Table III).

Sample
D {polished rice with added fusarenon=-X)

% 2 &
N\ " t Metnanat

‘ Residue  Extroct (A)
+NaCl aq soin.

%8 O © I.__,..Heme

v Hexgne layer Methanct ioyec
Chlocofacm

1'
v Methanol loyer Chlocotorm loyeri(s)

=Y . . sy Column chramatogrsphy
7 - (sitica get+ florisil}

(2 ) o

T H

2

Eﬁluen" [{e9)

Fig. 4. Thin-layer chromatogram of the samples obtained in each step of the clean-up of Nam et als.
{A) Metbhano! extract; {(B) chloroform layer; (C) effluent; (D)) standard fusarepon-X. Developing
solvent: CHCL-CH-OH (9:1}.

As agricultural products are contaminated with various mycotoxins, ‘further
studies of clean-up procedures and investigations of the svsterpatic analysis of myeco- -
toxins are required. Nevertheless, the present method seems to be useful for the

analysis of trichothecene mycotoxias.
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