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Abstract

A LC/MS method for the simultaneous determination of both type A and type B trichothecenes by using an electrospray ionization (ESI)
interface in the positive ionization mode with a single quadrupole analyzer is described. In order to enhance the ionization of both groups
of trichothecenes, the sodium ion was used as cationization agent by adding sodium chloride to the eluent. All LC/MS parameters were
optimized. The newly developed LC/ESI-MS method was applied to the analysis of a wheat reference material and cereal-based foods and
feeds.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Type A and type B trichothecenes exhibit acute toxic-
ity, causing vomiting and feed refusal; moreover type B tri-
Trichothecenes constitute the largest groug-oe$arium chothecenes are implicated in more chronic toxicoses, re-
mycotoxins. Although the number of trichothecenes identi- sulting in extensive haemorrhage, a general inflammatory re-
fied is large (over 170), only few of them have been detected sponse and haematological toxicities. They also inhibit both
so far in naturally contaminated cereals and commodities, the protein synthesis and the mitochondrial function in vitro
mainly belonging to type A or type B trichothecends. and in vivo and show immunosuppressing effects at low con-
Both are tetracyclic sesquiterpenes and both are charactereentrations. In particular, DAS exposure caused suppression
ized by the presence of a double bond at C-9,10, a vari- in the macrophage phagocytic functif+4].
able number of hydroxy and acetoxy groups and an epoxy- In European agricultural commodities type A tri-
ring at C-12,13: consequently, they are classified as 12,13-chothecenes usually occur less frequently and at lower con-
epoxy-trichothecenes. Type A trichothecenes have a satu-centrations than DON, the most diffuse contaminant. The
rated carbon at C-8, eventually functionalized with @n simultaneous occurrence of DON with otHassariummy-
alkanoyl group and include T-2 and HT-2 toxins, neosolaniol cotoxins, mainly type B trichothecenes and zearalenone, has
(NEO) and diacetoxyscirpenol (DAS). Type B trichothecenes been reported for a variety of agricultural commoditigs
are characterised by a carbonyl group at C-8 and include, A world-wide survey of DON, NIV and zearalenone, on 500
among others, deoxynivalenol (DON), nivalenol (NIV) and agricultural samples from 19 countries, reported that 40-50%
their derivatives. The general structures of trichothecenes A of the samples were positive to these mycotoxins with an av-
and B are reported iRig. 1 erage concentrations of 292 ng/g DON, 267 ng/g NIV and
45ng/g zearalenone. In particular, DON was found in maize
(69%), followed by mixed feed (65%) and wheat (60%)
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H trichothecenes with an ESl interface and a single quadrupole
Rl analyzer. In order to enhance the ionization of both groups
o A . of trichothecenes and tp allow thg sir_nulltanfaous detection
- sz\ s i \R2 of type A and type B using a pgsmye ionization mode, the
R3 sodium ion was used as cationization agent. The newly de-
Type A Trichotheconcs Type B Trichothecenes veloped LC/ESI-MS mgthod was applied to the analysis of a
wheat reference material.
MW | R, R; R; Ry Rs
TYPE A T-2 toxin 466 |OH |OAc [OAc |H OCOCH,CH(CH3),
TRICHOTHECENES [H7-2 toxin 424 [OH |OH |OAc|H |OCOCH,CH(CHs), 2. Experimental
Diacetoxyscirpenol (DAS) 366 |OH [OAc |OAc |H H
Neosolaniol (NEO) 382 |OH |OAc|OAc|H |OH 2.1. Chemicals
TYPE B Nivalenol (NIV) 312 [OH |OH [OH |OH |-
TRICHOTHECENES | Deoxynivalenol (DON) 296 |OH |H OH |OH |- TrIChOthecene Standards (99% pu”ty, 1 mg) Of deoxynl_
oo X FUST < Tom TorcTom o™ valenol (DON), nivalenol (NIV), T-2 toxin (T-2), fusarenon-
o denataeT T3 Tom T oAs Tom - X (FUSX), diacetoxyscirpenol (DAS), HT-2 toxin (HT-
5-0eDON) 2), neosolaniol (NEO) and 15-acetyl-deoxynivalenol (15-
ac-DON) were obtained from Sigma—Aldrich (Steinheim,

Germany). Stock solutions of trichothecene standards were

prepared in acetonitrile from the commercial standards

(500g/ml). Stock solutions containing 31@/ml of each

or recommendations, with recommended maximum levels of standard were prepared in acetonitrile.

DON of 400 and 500 ng/g in food and swine fd&gl Certified reference material T2204 (wheat flour containing
The analytical procedures for trichothecenes A and B deoxynivalenol, 0.894 mg/kg), tested under the supervision

usually differ in extraction, clean up and chromatographic of the Food Analysis Performance Assessment Scheme (FA-

conditions, on account of the different polarities, depending PAS) (DEFRA, Central Science Laboratories, York, UK) was

on which group is to be analysd8,9]. Thin layer chro- used.

matography (TLC), high-performance liquid chromatog- All solvents used were of LC grade from Carlo Erba (Mi-

raphy (HPLC), supercritical fluid chromatography (SFC), lan, ltaly); bidistilled water was produced in our laboratory

enzyme-linked immunosorbent assay (ELISA), capillary gas utilising an Alpha-Q system (Millipore, Marlborough, MA,

chromatography (GC) with either electron-capture detection USA).

(ECD) or mass-selective detection (MS) are widely used

[2,10-17] The HPLC-UV detection cannot be used for the 2.2. Sample extraction and clean up

chromatographic analysis of type A trichothecenes, because

these molecules do not present suitable chromophores, while  Aliquots (25¢g) of naturally contaminated samples of

for HPLC-fluorescence it is necessary to use in both casesfinely ground cereals were blended in a high speed blender

hydroxyl derivatizing reagen{,15,17] (Ultraturrax T25, IKA, Stauffen, Germany) with 100 ml
LC/MS techniques, in particular with APCI interfaces, of water—acetonitrile (20:80, v/v) for 5min. After filtering

have recently been employed for the determination and iden-through Whatman No. 4 filter papers, 8 ml of filtrate were

tification of trichothecenes at trace lev§ls,19] by using eluted through a Mycosep 225 column (Romer Labs, Union,

the positive ionization mode for type A trichothecenes and MO, USA). A 4 ml volume of the purified extract was trans-

the negative ionization mode for the type B trichothecenes: in ferred in a vial. The solvent was evaporated to dryness under

fact, the less polar type A trichothecenes are best detected asitrogen and the residue was dissolved in 1 ml of methanol.

positive ions, whereas type B toxins are efficiently detected

as negative ions. Typical detection limits for the quantitative 2.3. LC/MS analysis

analysis of DON in cereals were around 50 ng/g. Very few

methods are reported using an electrospray ionization (ESI)  The preliminary infusion analyses were performed both in

interface, probably on account of the poor response of the positive and negative ion mode by using the following param-

molecules to the ESI technique, to the difficulty of simulta- eters: cone voltage 35V (positive ion mode) or 22V (nega-

neously detecting type A and type B trichothecenes and alsotive ion mode), capillary voltage 3.5 kV (positive ion mode),

on account of the increased matrix effects observed with this 3.0 kV (negative ion mode), cone gas (nitrogen) 901/h, des-

interface. One of the best method reported the determinationolvation gas 4701/h, source temperature®8) desolvation

ofthe type B trichothecenes in maize in the negative ion mode temperature 15€C, infusion flow 0.01 ml/min. All the tri-

by ESI-MS/MS (in the MRM mode) down to few ng[g0]. chothecene standard solutionsu@ml) were prepared by
The aim of this work is to provide a LC/MS method for dissolving the proper amount of the toxins in 0.5 ml of water

the simultaneous determination of both type A and type B (containing 0.2 mM of NaCl)-methanol solution (1:1 v/v).

Fig. 1. Structures of the main type A and type B trichothecenes.
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The LC/MS system consisted of a 2695 Alliance (Wa- concentration levels (three determination at each level were
ters co., Milford, MA, USA) equipped with a ZMD single  performed).
quadrupole mass spectrometer with an electrospray source The detection limits (LOD) were calculated at a signal-
(Micromass, Manchester, UK). to-noise ratio of 3:1 and were determined by spiking blank
The mobile phase consisted of a binary eluent wheat samples with proper amounts of each analyte.
(H20:CH3OH 35:65, v/v) added with NaCl 0.1 mM. The col-
umnwas a narrowbore C18 Spherisorb S30DS-2 (250mm
2.1 mm, 3um) and the flow rate was 0.2 ml/min. Ninety-five 3. Results and discussion
percent of the column flow was splitted by a T-tube before
the ESI probe: this value was fixed by using peek tubes of 3.1. Preliminary infusion ESI-MS experiments
different length inserted in the waste side of the T-tube con-
nected to the ESI probe and measuring in the different cases According to the literature data, the best detection of type
the splitted volume, until a constant split ratio of 95:5 was A trichothecenes was usually obtained using a positive ion-
reached. The column temperature was set &C3and the ization mod€g19], whereas the determination of the type B
injection volume was &ul. trichothecenes was usually performed in a negative ion mode
The electrospray probe was used in the positive ion mode.[18]. The difference is probably due to the ability of the lat-
The voltage settings used for the LC/MS analyses were theter toxins to efficiently delocalize a negative charge due to
following: cone voltage 30V, capillary voltage 3.5kV, cone enolate formation.
gas (nitrogen) 100 I/h, desolvation gas 450 I/h, source temper-  Preliminary infusion experiments were done on four type
ature 100C, desolvation temperature 150. The sodiated A (NEO, DAS, T-2 and HT-2) and four type B trichothecenes
molecular ions were monitored in the single ion recording (DON, 15-ac-DON, FUSX, NIV) both in positive and
(SIR) mode. negative ionization mode, by dissolving the molecules in
The linearity range was tested in the range water—methanol mixtures. It was actually observed that type
100-5000 ng/ml by injection of standards at nine con- A trichothecenes and the type B 15-acetyl-DON showed a
centration levels (three determinations at each concentrationhigh tendency to cationization when observed in the positive
level were performed). Calibration curves were based on theion mode, forming adducts with Naand K" ions. In the
analysis of spiked trichothecene-free wheat samples at sixmass spectra of these trichothecenes, the [MNa&jd the
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Fig. 2. Mass spectra of DON obtained in the presence (1b and 2b) and in the absence (1a and 2a) of 0.1 mM NacCl, using both positive (1a and 1b) and negative

(2a and 2b) ionization modes. In the high right corner of each chromatogram the intensity of the highest peak is reported.
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Fig. 3. Chromatogram of a standard mixture of trichothecenes with the molecular mass of the sodiated molecular ions monitored (concentration of eact
trichothecene: 3.g/ml) (column: Spherisorb S3 ODS 2 narrowbore, 250 mi2.1 mm; eluent: HO—CH;OH 35:65 + 0.1 mM NacCl; flow: 0.2 ml/min).

[MK] * ions were usually more abundant than the molecular ous presence of a very high [MCljadduct in ES} spec-
ions [MH]™. The other type B trichothecenes, on the other tra could be used as a qualitative control for the identifica-
side, showed indeed poor response in positive polarity andtion of the compounds. The ESI+ and ESinass spectra
were best detected as negative ions. Therefore, on account obbtained for DON (the most diffuse type B trichothecene)
the differences observed, the simultaneous detection of bothin the presence or in the absence of NaCl are reported in
type A and type B trichothecenes in the positive ion mode Fig. 2
was not feasible. Moreover, also for type A trichothecenes, Also LiCl was assayed as cationization agent, but it was
the intensity of [MNa}" and [MK]™ adducts was not very  found to be slightly less effective than NaCl. In order to al-
reproducible, so the LC/MS analysis based on these ions wadow the quantitative determination of the analytes using NaCl
lacking of precision. as additive, it was necessary to found the optimal ioniza-
In order to allow a simultaneous detection of type A and tion parameters ensuring the stability of the observed sodium
type B trichothecenes using the most sensitive positive ion- adducts. Preliminary infusion experiments were performed
ization mode and to control the formation of the adducts, using a solution of each toxin in G&@H:H,O 1:1 added of
we decided to use NaCl as additive to the solvent in or- an equal volume of a water solution of NaCl 0.2 mM. Three
der to assist the positive ionization. The mass spectra of parameters (desolvation temperature, capillary and cone volt-
the four type A (NEO, DAS, T-2 and HT-2) and of the ages) were investigated and every parameter was optimised
four type B trichothecenes (DON, 15-ac-DON, FUSX, NIV) for the analysis. The desolvation temperature was changed
were recorded in the absence and in the presence of NaCfrom 80 to 300°C; the capillary voltage range was inves-
0.1 mM. tigated from 2.2 to 5kV, whereas for the cone voltage the
After the addition of NaCl, the spectra of type A tri- range of investigation was 20-180V. All sodium adducts
chothecenes showed a gain in sensitivity and the disappearwere shown to be very stable in nearly all conditions, as
ance of any peak other than the [MNahdduct. More- it was expected, being sodiated adducts less susceptible to
over, also with type B trichothecenes, the addition of NaCl fragmentation than the protonated counterparts. In the case
was very effective: the presence of the [MNajdduct re- of DON, as example, the sodiated molecular ion was always
ally improved the ESI+ detection, whereas the simultane- the only peak observed in the spectrum at increasing cone
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Table 1 Table 2
Linear calibration parameters obtained for each toxin (Concentration levels: Limits of detection of type A and type B trichothecenes (calculated as S/N
100, 250, 400, 800, 1000, 2000 ng/g added to a toxin-free wheat sample) = 3 in spiked wheat samples)

Retention time (min)  Slope Intercept  r? LOD (ng/g)
NIV 45 21x 103  3.7x10° 0.98 Type A NEO 20
DON 56 1.4x 10° 27x10° 0.98 DAS 20
FUSX 63 1.3x10° 24x10 0.97 T-2 50
NEO 65 2.8x 106 53x10° 0.99 HT-2 20
15-ac-DON e 29x 100  33x10° 0.99
DAS 89 59x 1° 65x 10°  0.99 Type B ,\'?I(\)/N 5%5
HT-2 104 39x 103 22x10° 0.99
T2 119 30x 100  41x10°  0.99 15-ac-DON 20
: : : FUSX 40

Chromatographic conditions: C18 Spherisorb S3 ODS-2 narrowbore column
(250 mm x 2.1 mm, 3um); H,O:CH3OH 35:65 + NaCl 0.1 mM mobile
phase, flow: 0.2 ml/min.

The linearity was tested in the concentration range
between 100 and 5000ng/ml, using a standard solu-
tion of the eight trichothecenes: all the analytes showed
good regressionsr{ > 0.98) and the standard calibra-
tion was reproducible. Calibration curves were obtained
by addition of the proper amount of each toxin to a
3.2. LC/ESI-MS analysis blank wheat sample (six concentration levels: 100 ng/

g—250 ng/g—400 ng/g—800 ng/g—1000 ng/g—2000 ng/g). The

The ability of NaCl to assist the positive ionization of the calibration parameters obtained for every trichothecene are
analytes was used to develop a LC/ESI-MS method for the reported inTable 1
simultaneous detection of type A and type B trichothecenes.  The detection limits (LOD, S/N = 3/1) obtained for all the
A Spherisorb S3 ODS2 (2.1 mia 250 mm, 3um) narrow- analytes are reported Fable 2
bore column and a water—methanol (35:65, v/v) mobile phase  The limits are, in all cases, similar to those obtained by
were used in the isocratic mode. The eluent was modified by LC/APCI-MS analysis[2,17,18] The repeatability of the
addition of 0.1 mM NaCl with the ionization parameters pre- method was obtained by injection of a standard mixture at
viously established. three concentration levels (each injection was performed in

Under the conditions applied, a good separation of the four triplicate): the method showed a good precision with a vari-
type A trichothecenes (NEO, DAS, T2, HT2) and of the four ation coefficient of 5%.
type B trichothecenes (DON, NIV, FUSX and 15-ac-DON) It should be underlined that, by applying this method,

voltages from 30 to 100V, although with different intensity.
The optimised conditions for the ionization are reported in
Section 2

was obtained as shown fig. 3. a gualitative confirmation was also possible for type B
samp_pur3 5.56 1: SIR of 1 Channel ES+
100 N TIC
1.09e5

%_

Time

2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00

Fig. 4. Chromatogram of a sample extracted from wheat reference material (FAPAS certified) containing 894 ng/g of DON, obtained by monitoratgdhe sodi
molecular ion atn/z 319.



Table 3
Quantitative data on trichothecenes (given in ng/g) obtained by LC/MS (and LC-fluorescence)

DON 15-ac-DON NIV FUSX DAS T-2 HT-2 NEO
Wheat A <106 (40+ 1) n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Wheat B n.d. n.d. <109(70 + 3) n.d. <106 (75+ 3) n.d. n.d. n.d.
Wheat C n.d. n.d. 18% 1 (150+ 4) n.d. n.d. n.d. n.d. n.d.
Wheat D 125+ 2 (100+ 3) n.d. n.d. n.d. <109(95+ 2) <10 (304 4) n.d. n.d.
Wheat E <108 (50 + 2) n.d. n.d. n.d. n.d. 233 1 (200+ 5) n.d. n.d.
Wheat F <108(80+ 3) n.d. n.d. <108(75+ 5) n.d. n.d. n.d. n.d.
Wheat G n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Wheat H n.d. n.d. n.d. n.d. 1804 (130+ 4) n.d. n.d. n.d.
Wheat | n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Wheat J 355t 2 (320+ 8) n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Wheat K n.d. <108° (n.d.p 110+ 1 (150 6) n.d. n.d. n.d. n.d. n.d.
Wheat L <106 (20+ 4) n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Wheat M n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Wheat N n.d. n.d. n.d. 216 1 (2104 6) n.d. n.d. n.d. n.d.
Maize feed A n.d. n.d. n.d. n.d. 8475 (830t 5) n.d. n.d. n.d.
Maize feed B 314t 2 (300 6) 184+ 6° (85+ 3)° 251+ 2 (250+ 4) 229+ 1 (250+ 2) n.d. 160+ 2 (150+ 6) n.d. n.d.
Maize feed C 568t 1 (560+ 6) n.d. 320+ 2 (300+ 2) 311+ 1 (300+ 7) n.d. n.d. 178t 2 (150+ 4) n.d.
Maize feed D n.d. n.d. n.d. n.d. 3#61 (380+ 6) 389+ 1 (360 6) 200+ 2 (230+ 4) n.d.
Maize feed E <100(55+ 3) n.d. n.d. n.d. n.d. 256 1 (240+ 9) n.d. n.d.
Maize feed F 289 2 (2504 6) 231+ 4P (98 4 4)° n.d. n.d. n.d. n.d. n.d. n.d.
Maize feed G n.d. n.d. n.d. n.d. n.d. 232 (259+ 2) 319+ 2 (310+ 8) n.d.

6€

66£—68€ (¥002) ¥SOT V UBorewolyd °c/ '[e 18 €lsv.jred o

For comparison, the quantitative results by LC-fluorescence (obtained according 1dJeére also reported among parentheses (in ng/g). Every sample was prepared in triplicate (n.d. = not detected).
@ Calibration curves were calculated starting from 100 ng/g.
b The discrepancies are due to the fact that the LC/MS method did not allow the separation of 15-ac-DON from 3-ac-DON, which were then detecteikaridgpthet, while the LC-fluorescence method
allows to separately quantify the two acetylated derivatives.
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For all toxins the limits of detection were found to be
similar to those reported for the detection of type A and type
B trichothecenes by using the LC/APCI-MS technique.

The developed method has been successfully appliedto the
analysis of a certified reference material (wheat), obtaining

In order to evaluate the possibility of using the present a very good accuracy with a recovery of 95%. The method
method for the quantitative analysis of real samples, the pro-was applied to the analysis of cereal-based foods and feeds
cedure was first applied to a certified wheat reference ma-obtaining results in good agreement with LC-fluorescence
terial naturally contaminated with DON (certified contam- detection.
ination level: 894 ng/g; satisfactory range: 603—-1185 ng/qg).
The wheat sample was extracted using the procedure nor-
mally applied to the analysis of trichothecenes in cereals, by
extracting the blended sample with a water—acetonitrile mix-
ture and purifying the extract through a Mycosep column, as
described irSection 2

The chromatogram obtained for the reference material is
reported inFig. 4.

The declared (894 ng/g) and the determined (848 ng/qg)
DON concentrations are really consistent, with an accuracy

trichothecenes, in particular for the most common DON, by
ESI- determination of the [MCI} ion.

3.3. Application to real samples
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value as error percentage= 5% and a very lovg-score value
(z=0.32). The recovery calculated for the certified reference
material was 95% at the contamination level.

Finally, several cereal-based samples (wheat for human
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